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Ahstract

Primary objdetives of this research project were to examine whether and how biclogical
effects of NO, or O, are altered by cpmbincd exposures to these gases. In order 1o clarify
these objectives, rats were exposed to 0.05 ppm O, alone and in combination with 0.04 ppm
NO, or 0.4 ppm NO, for up to 22 months. Acute and subacute exposure experiments were
also conducted to asscss the results obtained by chronic exposures. The following studies
were performed in this research project.

1) Effects on the gasecus exchange in pulmonary system, 2) Effects on the neural
function related 1o respiratory tract, 3} Effects on the immune responses relevant to humoral
and cellular immunity, 4) Morphological effects on lungs examined by light and electron
microscopy. 5) Effects on the microsomal xencbiotic metabolizing systems in lungs, liver and
kindey, 6) Effects on lipid peroxidation and the related factors in lungs of various species of
animals, 7) Effects on the metabolism of prostaglandins in lungs and other organs, 8) Effects
on the amino acids and peptides containing sulfhydryl groups in lungs, 9) Cytogenotoxic
effects estimated by sister-chromatid exchange, 10) Effects on red blood cells and the
cytokilling activities of alveolar macrophages.

Major results obtained by chronic exposures are as follows:

Morphological changes, such as enlargement and proliferation of the bronchiolar
epithelial cells, were observed much earlier by exposure to 0.4 ppm NQ, and 0.05 ppm O,
in combination than by exposure to 0.4 ppm NO, alone. However, the extent of these
morphological changes was not markedly affected by the addition of O, to NO,.

The combined exposure to NO, and O, altered the change in the partial pressure of
arterial gases caused by NO; alone. The decrease in arierial O, pressure was observed during
exposures to NO, alone and in combination with O, and furthermore, the increase in arterial
CO, pressure was observed during exposures to combined gases.

The cytokilling activities of alveolar macrophages, especially against Candida albicans
decreased more profoundly in rats exposed to combined gases than in those exposed to O,
alone. As for the immune responses, subacute exposure of mice 10 combined gases caused
a severe reduction in the wet weights of spleen and thymus, a decrease in the anii-OA [gE
antibody production, and a suppression of the delayed hypersensitivity reaction in
comparison with those caused by exposures to NO, and O, alone.

The microsomal xenobiotic metabolizing activities in the rat lungs were induced by O,
while reduced by NO,, and were not chanped by exposures 1o combined gases, suggesting
that NO, and O, affect the xenobiotic metabolizing systems independently and additively.

In cenclusion, exposutes Lo combined gases, NO, and O,, augmented the effects of NG,
and Oy alone with regard to the changes in lung morphology, gaseous exchange, cytokilling
activities of alveolar macrophages, immune responses, and xenobiotic metabolizing system in
the lung, which are all vital 1o health. However, careful considerations are needed for
assessing the combined effects of NO, and Q,, because, for instance, the marked species
differences were observed in the response of lipid peroxtdation of experimental animals to the
combined gases.



Key words: nitrogen dioxide, ozone, exposure in combination, rat, mouse, hamster, guinea
pig, rabbit, lung, red blood cells, alveolar cells, tissue organella, physiology,
pneumovascular function, neural function, bronchial epithelium, electron-
microscopic morphometry, alveolar wall, collagen fiber, immunoclogy, cyto-
genotoxicity, metabolic functions, proliferative responses, aging, ether-phos-
pholipid, microsomal xenobiotic-metabolism, microsomal electron-transport
system, cytochrome P-450, dolichol, lipid peroxides, Vitamin E, glutathione,
phospholipids, fatty acid composition, polyunsaturated fatty acid, glutathione
peroxidase, glutathione reductase, glucose-6-phosphate dehydrogenase, -
glutathione S-transferase, superoxide dismutase, peroxidizability index,
prostaglandin, prostaglandin [,, thromboxane B,, arachidonic acid, 15-
hydroxy-prostaglandin dehydrogenase, alveolar lavage, y-glutamylcysteine
synthetase, glutathione synthetase, alveolar macrophage, active oxygen,
cytokilling activity, glycolytic enzymes, DNA synthesis.
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SR PIRYE, RIKE, b2 0iOEEERGERYT L 2 BBOMRE, RUhs0WE
LED LB EETORSHRI DL TSR E bRETSLETHE I,

3.3 MRERSRTL

IHET, NO, O, 0L 5 KEBERA AR, HENERETH RIROEE I X > THRE
BEOETH#ELT I eARESA TS, B2 LETEIOEREE NO, EHEBEFERICS VT,
BC B 2 F ARBSENET U, ERRMENS S Sh? e ¥RELL, SA0BEE
NO, U O, HERMSHBFERIT B LT, M 517 2 & A 5B pE 08T, K UMERS I I 1= i1
ATERBMELT EE I3 L sHoMC L, IHNMFADHESC LT, 2hs
OIERMEALT 2 2 2R L T,
ERRMEAVEREONORAL Uik, [LEXEORE L5 5GERAE, MERECMED
BN & 3 4 AREERORD % EOBEBFEL, BREY S ARBROE FEONEREEED
b, RUTERBEOELSEZ sh 3, BRSBEOREENFRC L, BREXEEoR
SR UHRECHEOEROELIEE TH -/, Litdi->T, BEFENTLRSEZRNOEFS
RO —HATEH 25, EHNERHMLES, hoBRE LT, SHE8ICE T 2HRAED
T, TR D bBRENECHINAERENE RS KBN 2T 2B d 2 tiEions, 21T,
ERRIE U KBRS S & (CIFRERREOERB 2L - L, MBI 24/ AKHes—BETFa¢T
WAAEEMNH S, ThE TOMREK LW, 7 AREOVIEC I, BB LB OEINC L -
TN P ORGP RS ARWE L —EICF LD LT 2HEFALE 2, $0AMLORE
Tk, ~ES 0 LRMBRROEING EOREMEHS BT, SEEEEEs#ETI 52
SNTVE(E D, £FRTH, 4~18 » A B ix FIEBECRMIERIBOTwWE Z L2380 T
Wi, Lil, RFFROBREERC, Chs0REBECREFAE2Er T, R BEER
MERRBIOBBETELLIERERLTYS, £, 22AULORBRECE. 80l
KEIREEHOETHHEBINIDT, JORHEATARBOPEN I D 2 2uaHEs
2, BREEGRERZEC L2 EEBONUEREME, BECREOERIMRELFIL,
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3.4 SEBEM0 LARURERKEEOE

SEEFALEER, S L DEEND 5 WIRENRESGARCRICL TREOMEL &
RIEBO—2TH S, COSEAENEE, TvAX—FRLEHIEECHEALT O NS
NTwa, ¥, FEOXNGHELRME L -AETED 505, EABRKA OIS FEBEMN =0
BORERE| SR ITIENFELNCZ > TD, FHRICBLTIE, FRFLSUELORE
CARESEEIrRIZTERERDETHS 7TaOASY 77V (PG) DEARRE #ORHM, RU
HREHICE T2 MEEFROEHSENO, 2O, EB LT ORABESR I 2 0 EME
L, KGERYHE R & 2 0EREM A LT PG RUHESZFBROEENEL T REC>» TR
L7,

SEO LR AMES SRR T A Y 7Y ¥ (PGL) OB 2 E£8558E, 10
ppm NO, #3214 0.4~0.8 ppm O, AMRBTET L1, —H, [EXTFRHOEEFR %5
FrarREy A, (TXA) Btfaf a b Vx»C (LTC,) i, FTHnL i, ZofEHa,
NO, % 0, 12 £ - T PG ORGP ENL T, KEOMBEOFEHEAEFFC T2 I itk b, &
EOBREESERAND L ETBL T3,

S ERICH T 2 BN R RIS s AL, ST O TR INE OZE b E b 1 S
THEISE RSB OB HAEEE, 0.4~0.8ppm O, BEBEFTHML 72, /o, KET LM
BRL, TRLOEORESLKEESC L > THB N, WRES - FEBREORT 255
ot CHEEDRENEENE, 4~10ppm NO, EMBE TH L -7z, DLEOEELS, Cho0OR
BEL A0 NO, 2 0, 12 & 3 IFIEZ S8R U C RO E O AR, HIREHS b 26T
e DB LPTBLTWwa, DEORRE, CHs0BELVARALEONG 2O, |
EOMEMH 2 RFEEEOTESS SR LE2 I L2 TET 2,

3.5 EPRBR~0EE

IHhETO, RUNQ, &, £EFCHEHOEARRETRIEEYRAEELONTEL, LLE
M5 0, RUNO, i, Wi 7 0y — A0EYAHACHR T 2 B8 L RIET 2 & »RETETH
LMot TRET, OEMRBCES T5F 7oA P DERERUT-Z b7
U viir F A ALTE SO BB R, NO, SR CEANEBC I - TETT2 225
DAL, KFRTE, BoF b2 0a P-4550 DEBER U T- b £ 77 ) YR F AALEESE
OEPRBIEIE R, O, MR UBEAMSREC L > T LAMMNT 5 2 288 ik 5, NO,
BV 0, DRESBOHBE, MosU 28RO NO, BRI IEHETOREIER
H, 500, BEC L 2EENMOBE L ERSNIER o7, ZOBEHELTE, NG,
MU O 8B ZMILTHI : 7 0y — A 0EMRBRCEA LD, BREICEE R
AR ELONSL, TN EENOERE, BRE NO,+O; HHEaRMERICSWTHLHE
Dot 0, DADGLETE, 9B F b7 ol P-450 SEAM, 2078w 7<)




frLEiEE

KEBIEER U R A7 28 3 VA FAREREEML 2%, GLBERMFC NO, 2BG L
GISEHTIE, ThoEMRBEEMREINL G-t 2, ERICHWA 7 v OB
vy, EHRBNEEO NO, 8812 L 5ET, $20iR 0, BRICL2ENCBERECHEN LS
e, AACHTIRENE, BEofEuEALTWA I eBTREh, O L oleR
HZERICEWT, LVEEED NO, R0, 125 ->TF b7 gl P-450 S a R B BREMEL
ZUoR, BlhcfEor 2T 2 BEMSHRLLONZ0—REEZ 5N 5,
BTHICBL TR, MREX LED 7 7 7k U £ o TR, 7 7 ob P-450
FENELBVWEYRBEEERT I Lo e, EMAEERLAERIT> T2 ETH Y,
KRALTEE¥DE 2T 20BEST 2 L s Twa, Lo T, REENEER
HELEETHE, 0, BRI LBHOF b 7 v L P-450 §EOMIIR VMRS D i,
TR O E H 2 WIZRBOBIHEERB L TWwWE EE L6105, NO, BROBEE, ~LaF >
RZMNO, b LS NO, KL TATELR D, MARCHECs»»rbosTF hr ol
P-4502&EaE0 L, BEYORBEESET L EEZ NS, MOEMABMEC L - T, By
CHEPEELI NS LERC, B bERE SRS CRECERT 5 IS, REPHE
HETAIEMECLART v ~ORELTHT 20K, REFEMEC L IMoEYRERD
T EELERER 22 eE L 605,

3.6 BEmMM

FHRE BT, RERGWES T 5 U v B UM~ 707 » — Vi, NO, 5010, 2
Bl ->THEEEZIE 2L, RURBELLSETHHUETFEZI STV I t4iHo itk 5
To BBATANC I, MR, BEECRMMGO Y Lo RER UIlE Y 2 0 7 7 — Y ORI A
L, BBEDOHTY, Vo SROMBELERERU~ 707 7 - YORFEIBET L, 2
OFH SRS L USRI D Y Bk, BRERERASELNER LRy~ VICERL, il
HEERELRACEE L, Lrl, ELREE e 2 cBH) v BRoMBEEED L, #l
HEEFEMLEF U, 27, Vv BRogh#Ebx2iN%+ 270Xy 77 v 9 D, 8KEHRE,
NO, R0, BMEBEC L - THBEUMBRTRELL, Thsnl eid, NO, kU0, 881
o TY A BROMBEERIEZFTEZTL 2 2TBL T3, Mla~vra7r—Y T,
DNA £5ROITER I/ MNECHES ML, MBI ERCEEROBRIEN ML Z Lo,
Fuvro7y— Y EORBEERVTBERR UVEEERBOEC L > T, CSBEEY
AR EDEHENLGEGLTWwE LI AZ S, LHLEESE, REVHCEERCRW:
TRCOMEDTHIL, TOBREBEVOBBEICL > TEEEL Lo, ZORBROET
i, BEBENO, EUVO,HERERH»ABKCEBLGI~GIDTRTOHT, HBEHL
2 OMESCIIL TR sk, 2L T, 0, BB Lalila~ v 7y -V ORERETOR
gu,%ﬁm%wtiyh@%mt;OTEXLtoLtﬁof,ﬁﬁﬁﬁéﬁﬁiﬁm;af
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FERESETLA-OR, ZEREYOEBLCHFEuF AT 2BENsAL-Onz0—FHeL#
ibha,

D SEKE U 7 97— Yid, BEOSEEEMSMRCHEL, ORMROEIHEIC
S THB AN I EPHIGATVWS, 2OZ L, NO,RUO, BBz 3HE”S ) 38k
Rultld=s o7y —Y2EHET 200, BFENCRIns ORMROMEERIIEY £ &
HRREL LN, BlCHOSEEENMHEOMIERENIBET T2 I e80sn Ty
b, R~ 2 07 7 —VOEREELENO, BP0, BRETEEZZUR T {20k, Bt
5 BB OBIERE I OET I L > TRIEEINET L0 TES 3,

3.7 FEHEMLAEE
LHEDEEEREZLD 7 v P OGRS Aot ah 2 SR{ILKFEORZ, NO, HihERE
BOWE R L THSEMSBOHE R, RRCENT 2N 22T A0 5 9~13 s H I
BE i, #HMoEECEREr o7, Lnl, TBA RIC & - THIE L 7o Bt ing
Fid, O EOERL > THRARCENT 20 B 2H» 5 9~13»AEE D, poF0RE
B b AEEMC RN 72, 0, IREA LR VA NEREMET IS s v ERUCOMRICE
FEREYS, EERMZBEVIRCEEML S, BB LAETLE, 2heDZ ik, NO;
£ O, OWERBOREINO, HHBHOBS LV ERICENS 2 &, RU, BBEHCERO
MECEYERBIL, ST L VBORBRENA PV ARRITWE Z E2RR LTS,

3.8 @ipEE

ERETIE, 7R, NAAY =, Ty b, RFELEY MZNO, +0, 228 L, M@kt
BB 4R, MEBLEHARET, BT VIREHKOEL 2T~ 281X, NO: H5ni3 0, &
HEBTIR, WTROBME IBELETMSRE I SR WEETT o/, JOBREEAFT THES
BE{TIofEE, ELEy b2 T0s, LEREBCEELELERD s, 7 v P RUAN
LAY =Tk, HERBCLZBEEIRED oG oz, 20O LR, HEREBC DL TOMKR
EL bAOBECOLTHRETIBCE, BEEYEERNLETHI I LERELTL S,

3.9 HEEBOICY

AHETH, BARBCLA4B0RE P EMEROBA L IERL, WEOEVEHMT
THEOMBERENTH S, RABBCHOIMEE LT, chE THROEMNH S NO, £
REZA XS b THL O LOBEH A 2HRAL,
EMETHE M 2 o L EBRERODL S, EERECETILDEEFRBELILRIK
Lo, EMBITIE, NO, & O OHIEIC L » TEL QBB S s N 2156 (5 &,
HEOEERYIMEROBESCHATHEE TH Y, TOBBOREATLIHANTED N
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FUAY TS Y ST PGL (% -
T EBERTFF b GSH 14 +
ke ft T & M Rk FrEkI 5 MRS R (SCE) -
4 *® i il il wru7y—-YEEEE +
+  HERESHD + | HSEHR AR — CHEERRLL . < HHBREE

& (FHEh) o@D s, BHERBEREFICNS &, ATFOH L LT, WPREH
FHFRC BT MPERER CREBY ABE~ORE, livs o7 7y —SoREHEE~OBE
wErHD, BEOFLE L TR, KTEREMEEEC L I FEPESNELSD T o5, BEt
FREERIC PO TRAEAOMESTE D 6L, 270V —LRPR#HR~OEEHR NN T
BB, O IED 28, e NO, i3 ME 4 2 AR~E 7o, BEREBETIHE»IP L4
BESERSNW TV, $/, BRARENELLHRMEPEEHELCIS b k5, BhE
B LOHB LR 2BHEOREY, SARBECI-TRAZ I LIIE -0, A, FANE
BOoRERCow TR, BB LCEE, BMxEL D BFINAEE Ta Ry, HFLWEER
ROV TREMEREO/NMEESHE LIV,

BT, FPFRTYES 2L 5 LERCHT 2 &4 OREEROEL 23T 5 12472 - T,
SO EYEHIEW., RO OBRES*ZE T2 BNERTH L, BB, EXLER
MEES E MR RS S, BIEEZREVANY FFAORD, FOLLTOBELRTL
ZPEVILTHRETHS, EEMIRTRCOBEIC > TE, PAEEMEESREDET L
BEELLL (M2). EARVEBEEHR THEA A EER, MEF A ERcEL T, BES
- BEER - OBETHR S 2 IBEA T B (20D OBRR) cBL, hoiEEis
HANLBEOTHESH TRV, H50REROEEEORBORE, ER~AORRBIC
DWTRES TR CERE (B20CoRE) BT ok, s LIRHREOERCUBT S
Erohd, ABRUEAMERTY, MERATEBR2EZ S 2 cdshork,

NO, £ 0, tOEERER, RIZAGNI I ICHTEMBEROBELBS L b TEY
Vi, E70, A, EEMEBRT LR I TRESHMENRD SR VFEET b H -1, LhL,

o A oA a o oAl o oA oal o o A



FROEE B

A) HEDED - EWMENRE T -2 (R
F FBHEEA R,

B) B¥ - £WENsBBEIERA LS, £
B HERTERTE - T, EEOEEEOEER

ik HHRE,

C) BMBESh-HEOTMENE s H TH
D o, BHEEEOERYORGOBE, &

HAOEBI LTI S 2T GBR,
[ EEOREKAN D) B 0L BEIEE L OME TR 0

/ wwmomsnve  \ 2 B,

E) mAL RIS h 3 RE.
// 4 kA f _\\ A F) %

K 2 KAHEROBE~NOEEOBEOEZT
(FRAEMREFEROEES NO, HELHEMERWE ((T5) £0)

i b
BEDEI L
ER

BHDIE 2 h L [ |
HIF 2 O OR

m O

AiEskcats 288 LTaRE, EERENS- SRS, 2310, @RLEEER
B AEEDERT, Svb, TUA, NARY—, ELEY DL, ENEY FEFTE
VHERFRAREL oh LS, HEPRCEEZESTET LS, HABEC VW TR—F
HELRFABLETH S,

4 SBHBEOMRORILRE
BRIRE (HEeF ARAKRBERMIE SRS ECHT 2 EBRUIFE] 282 340, KifF
TCORRERE R, SEBIAIELrIRZWREDOTRET 2,

4.1 RRFROBVRESHOFARSEF

BEORQFERE, BsthbAREOBECRN T80 THY, BUBRBERDONOEE
BT RmE 2 32 RENESHETHSL, JOBRREOWRSE R, wEEFTST
0, PR TFRYEORBEERERZNERIMERA L L TEWRECH 5, i, HEEOEEBS
DEl, TAAFBEOELHZVETBAROELZZCEST, FILOEL LHEELEY
ERREPuidtah, KERBOBRIECEES, RUBELETEREZRL TS, 20
& EWHRT, RARGEMEC L3 rOERE~OEHR G EREILTWS,
IOEIBARRBREORRLE R 2, ENATWEFRSSHBITI NEHARE L LT, 8T
P - 7 ARRSOER Rz THARECHET I ESSERLESNIBELEL 50
Bo TRIEDWTIE, ROBFHHFELLTFEIN TS, AN EFTLT, SEREAR
PR NS WEREDH 2 FECEMEOSHICMET 8758, L D HIHMEEYE RS =8
LTHEMICID A NS OH 2 RAERE L DFEET 2 HEOMRE, 35C3BARE:E
THT 20 D0AEROERECET 2HARVLBC R D eFELLNS,




HEE#

4.2 S#OMEOuBEG

INETHRANA LD, SEHRPPENR L TREPEIBD TERcH 2 L PHENL,
IRSOYMBEOARICE 2 AR FME T 2 Ak LTR, B X 2 RAERS SR bEHE
BUELEDLLELONS, LHLass, TNTOMEOENTHEY BRAKBOSTITI 2
CIEHEERTFEINS, IOMBCHTAFEEL TR, BEEOR Y Y-z IOl
B2 2EUMBRESAR IR TVw20OHNEE L A5, RRGRIEOEMTMCEL T, M
R, REEERR RUSREEERABL-HEBEERREORRENE HEN S, &7,
NS in vitro EREHCTARES B OSURTOBE2HHT 2 2 L id, FEEEHE
TRETHEBHTERELELONS, 25 IASOMFERBRE, HTFRPESESLEYED
UAZFREAAYPEITINDECLEEBLEREHLLLTHS 2,

IHETOSEREECHET LR, BESn L BEENER:OMETHR WA IO
D O 2EEasNBEEOTMESES» TRuD, HE2WIEREROEEEORBOEE,
FRAORERBI 2L THL TR WERE (C 0BR) THEmS AT E L, FilxTE, FC
DRI BT 2EEENRE, BEN»ORRMCHERED TEL, TORRERE AFRE
BT, NO, ® 0, VAR L TAEESTTERD (GEREE E, T THEFARL2HELTR
LTWwaDTRE{, 2R3 EAAoBERE (MEFM HEERTH L 2 L 2EELL &
&I, COBERIC L > TRNOEEE2FERL,NO, 20, 0EMEL B 2 TFoTwd &5
2ohd, TOEKT, RAFERYE L 25 6FEE, TOBMCLAGEORT L LTHL
ZOTI S, EROBHEENNEEDOREL S —BH IR SN 2KE~DBTL L THET
RETHAI, LEo7T, NO, ¥ 0, it L2 EEREET 22010, EEIERR-> TV 5HE
hkofigaghrke ohio b i, EEtEREL, EREHERLL (EFEEDZ 5 L HE
ahd, £, AsrORRCEKOEESERISHEE e, TobbEEEISEKRT S
FRANEERORESRE Rof & E1, £ NO, ® O L TREREC 25 t FHE
Wi, Sk, EEEONELZBATORE L #OFHBBOMBEL—BEL 5 &g, REH
MBI T 2 EMTHEO L TEE LT, T, BRENEELER T3 L CLEELTS
HUEBZETHEED, TORSOFERE LTI, in viro DREGR, KU in vivo ORAE
BEBRPHETL I ENREND, in vio OFEE» O X, SRR TS M CEB~ O
WREOME R T200EE 3, Ldl, SEESTHESRCZIZNES, HowiES
BEOBMES Y OBERSINL L L inviro DEBP S TRT L LREEL Wiy, BRI
HEA L~ TORARRER BTG T2 L TEELHEL 5B THE I,

B TA%IE, SRMEBOMEE L TTLT, BEHRIEC L 2 ABEE 2 RRE C 20 O0
gopt, 2T ETEBEARLEELIONRS, JOATH, CHIVEETILUTORBIIET 25%
ADBEIl % BHRANCHED 5 2 EBNEETH B, KRIRA in vitro BER 2RO KEER
WO ENHEEORRESLERREOBBORIICRET 2R, RUBAREERC L 2EEY




HEOBE L RS

AL TOEERESICS 2 2EBOWMRE, COLOOENRFRERETHEI,

4.3 SHLBrIhHHARE
SEOHBAMEOFEA R 2, RAFEYEOEEREOEIR T 2 ROV ARE L
T, ARSEOIEL T 505, RUEEREEY Tl 5y AT AORRCHET 5 s
BEr#zohid, SHEEEOFEMR, LTRRTe80THL,

. AEEEOFEET 28%
(a) EROEREHEREBOMIAICEET 2%
O B R R T O RER
KREERE I & 2 e A, RS04 ARt TERL S EEsn
LipefEL, SRZUERTOBBCED L IEHLEETHS,
(b) PEUREEBOFREOHIIC AT 2%
O SIS RE I BT 2 RS
7 VAFE—, SEAEYE, BREFEOET, BEHiEoEBoEEROREOERK
RREROBERAES DS, 070, REELSHBEOBIECET 2 BROMES EE
FEROERFEHICSLETH S,
OUHEIRHRBT T LB ORASE
PER 3595 B O FEE & KRS RWE L ORREROEHO 20z, REKEXIREH D Wi
TAERENE L ¥ ORBE S VB ORI SRLETH S,

1. £EEEs PHT 2 > AT AOQRRECET 2095

(@) FMALEMED in vitro MIEROFEFR
IR RO MU L L CIdMlERE, BT, RUeBEREEEAWT, KaFRY
BoMass st T 52 50% T3, £/, nvivo FBEREPLECILUCTIT Y, FHE
L1 in vitro BHERFE W TERBR ~OEH EITFHT 5,

(b) REFHMEOFHE ERERORTE
DNA ~DOiH%E, BIEHHROER, RUMROME L8R RIZTRAFRYDEORE LM
FBT2HREBHRT 2, COLDE, HFEMFRCRRET T HERFESLETSH 2,
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1) MR 4R BFSE

10~20 ppm @ NO, %5, # %v>id 0.4~dppm @ NO, # RYIMSEL /-5 » TR, IF
REEEOET, BEEME CHEOETRVEE vy 7238 L LR OEHSFAFEEAL
2TV EERAEOENFETHs ML, TOREEL TR, B 5BELKBIAD
THREOE TRV ERMERDT 235 » AZEHNEZ 5Nz, 72 TEWETIE, NO,+0, #HE
BEOBELFRAMYNBRALSHSAICTLENT, O: BV ARE L, HLOBED
NO,+0, DEGH A% 7 v VFEOEBHCREL, PREFEFHIEFC OV THE L, BEMNIR
L7

0, BIRRE © F» MZ, 0.4~0.8ppm O; % 2:BHBET 2 &, 10~20 ppm NO, 2 H[HHE
BB L ERCERBRME - BRBIESEE L, Z0K, B - BREEUEHR « Siknso
BRoEAGHERCHRL Tha {, RE - BRMEBIESEZIREV IS, fiCEd3
H AR OE TN R® a2, LaL, 10ppm NO, ERBEMRER C X 2 BB FEMER LT
Ly ERBIEZFELRNI E2 5, 0, & NO, TRF AT 2ERSRL 2 - & #5H#E
END, i, O ZBBLIN, IFZEO#HB T, n vio BT i vivo ROHEBETHCER
MBEOEM LEIMAR D o 1, FRABATET S 2 LR, LidioT,
BERALH O T BRI L SREBIMED —~REEL oMb,

#HAHRE  4ppm NO, +0.2 ppm O, @ 2~4 AMIESEHE T, EELFRNMES U REEIIE T8
Baihlz, 4ppm O NO, RU0.2ppm & Q; BRBEB TR LA L I LERPRB L2 w2 b
7o, HEARBRIMBEN A~ORHELEDL Z oA LL, 801, RO LI LHERED
FEE, VALEEOETEI IR TI ESEe MR o,

—7, BUREEER (MESE) T, 9 &V 18 »HSETE G 3 BECEREHMER U5 K
MAEHEED S, FERFCAROREE ~F 70 vESEMNLEZ c0 6, REFRESBVTHS
ZEDHALL, 20»ARBTH, GIBTERBEMERY G3BHTRRRBIEL TR Lz, 0
B, ~NEZ Ut LR ERMBREOBINSRD SN -7 2 Ed 6, L 2REFRDET
WHEAENS,

lED#ERMS, NO, & O R4 BEMANE» & A2 £, NO, i3 0, & BEMFEME %L
LR, O REMRME: MRBIELFAFCRI T I eBsHlorizko72, £LT, £0
REOBEIHARBC L -THbon 2R Ih 2, RIBBERTZ, 8BrAEZ

B D 0, RUNO, BERHERERIZ, NO, 2 BELAV 0, 0AHDSEBEE (G H5:130.04 ppm BV
0.40ppm NO, % O, L BALLEBH (G2 AU GIH O=BEOFETIT . O, 08B Hikl, F
B 1B BK 0.10 ppm, £ OO LT 0.05 ppm kK B4k, TR S FROIMKE TO, BESE
FHER o T7 oy 7 ASHTERE e, NO I, TESESFL L,

- o= - o oa

o e a oaoamal o



AEOBR L EE

TIAREERAE M, FOEBEEMCES TRIEFRAMET T2 Z b EEINES,

2) HERCHATI>EREEFHME

BT NS AR R O x 3, B ORESLEROERMMERECHEARFOERTE V-
L EGEGORNCRAMOERLEEZLLRS, JOL I LHEROEBRLREBFRMEC L -
TED LD BEEZT2hMa L0, PREEZER, THREEA~OBELCTHHEEOU
RETH7

BRIBB~ORE 170, RUNQ, OEMG L RQESH AR, 7 v P OMEREFECER
ENT 2 EFHAMEREROEHCE 22 BELRE Uz, WRTGEOF RO MHFiil £ Bl
LT AIHERZERE, 0, KU NO, 0RF I & 2 BRWROTHA CEE L T, Z0EE
EUHDFDID Lz, LaL, [AENE L 2EBEE ERE) & oEMEE, RU—E
OFEAET BT 2 HEMRORIMICET 2854, 0.4ppm O, 10 BRI E 7242 0.4
ppm NO, 2 i SFIRE I L 2 iERZEB~OBERETEL sk o), —F, il LD
BAEFEH R UERMAE B L, [EXIEE R UTRREEINE OURRE L% b7 & T IRIEE
HEF, 0.4~0.8ppm Q; 1-3EMBB I Lo T, TE T v b TREDH O WHERFEBON
ERLTz, &, MEETRCHERECSML, ThoOMBEORECLKEEERE X > THEK
SH, BREPRCEFREOFEAE -HREECET LI SECy CREDRHMERIE, 4
ppm LA Z 74k 10ppm 1 B NO, 8B ko (EH Nk, LaL, 0.4ppm O, 1:HER
FEU0.2~0.4ppm 0; +0.4 ppm NO,, 1~4 BRESEE T, CHEHIC I 2 RABHOELIRE
wEhgholk, ChEDEREZELT, MHBRZIERBI O LN, - THELZFIZ( L
ik, FLUUHRIBRERE U CHRER, HENSRED O 3 NQ, Tl TEELZU S
T EMBHS IR o, MHEMEERRY CEHTEHORE, TRERBSCERE LT
FRiz 085 rHfllan s,

IR SE~ DR | PR EEEAEY O, OBRBE L VLT 20 3 e T a0, AT
WHTT, #7072 7 v Mo, —EDEHT CRIERB AT, KRB
HLhoXKFEBHEARE L, XREE LT AEEOBERAWEEIRICHEZ 2 TO
|EIGEE (B &, 0.4ppm 0, 22 QHSB THRBHCHEART I b FhTEd 5 8EE
TRAEARRLZ, TOZE XY, O SRR 2GS 2/REdME L 0D,

TE~DEE . F+ > —HNTERCATAINT WS Ty FiZ0.2~0.8ppm O, * 1:BMHE
#L, PUKTER, SRENUEEOEMESHIE L, B RRHm I AECROBL <, &
KITEVR, ERRACHEE R a R, FONSIEEBRBESEVITEM RN, Foi
KITERELE) 220N ERRBRLTWE EEbitiz, 20k ) RTEZE LC E Pl
MEEAOEHED E T, WIREEE, HERESLE, EHERmES, BE~OBREsERITICR
HLTwikEzsNb,
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Ff LIE#

3) RERSCRETRENHACHT AR

BYy, TUNWEF—RUENAZELSEBRETFLH D, RERGIEERZBEIEHEL LTV,
RIERIGE, SHRABALTSREYS o 0ERNC T LB, LY v a4 v FO
BRLF 37, RYPY voigkpvwru? 7 —VEOHMROE 2 IV HFRTIRIETH %,
EFRCBWTIE, ZORERIGCRIET NO, RUO, DEERBEORE:, EBREMLLT=
VARFAWTRHEL, TRAFROBRERCLABEIRE TSI LML LT,
HERBICLA28E [ 4ppm NO,+0.8ppm O, HAMREICI D, E—1idV > E3knab
BUHM T 2B THAWRCEBROBEROR Y, RUIALOERTO Y »/ SBREOREL 5
HHS iz o7z, B CEBEEE(LO ST, BTy v 83y, BMTH 5 ¥R (SRBC)
FURH LT IgM A2 EE T 28ENBETL, £, SRBCHIEO®RS I & 5 MFHOHHKIR
FROBELERL LW RERM0), &5, FIB7A 73 (OA) o 2 IgE
TUFRELREDET, RUFSRBCE K+ 2 B ENBHKICOME L o s i, 2EOERL
Eyi, VysSREIASOESE, S —ICRIE L, FORBECEEEZT EEOBEEN
BFL/Ae DIk, UV SBROBEER, $H0 6 OFEERAC L - (2B L 2BE»0E
Wiaze, RUFZOHEENDETCLI > TREUEBEOETHIRIA I L EREBLTVL S,
ERMBBrOLE  MELLRERICE, HERBC il T8HBREIVELVWEEREU S
FEink, BHSE rFEEOBECHZ ARG ST 0, RLEEoREROEY, OA
wxtd b IgE Pk AREDE T, KU SRBC HiRicxt 3 2 BEALABRCOME)IE, HMEED
HELDL—FBELEMN L, —H, SRBCHERN L Tk EL T 2 BEFO Y »/ 8HK
DERIR, BMEBOESLAEEC LAY Lk ol, BERBC L - THMBERORE N
BPashiRitE, RELLGEREOPTRED Shiedrol, Licdio TEEIFICE, R
RIS EIZTESE, AHREL VESRBEOTTHINFL R 3AASTERL,
RERISTORSMNE | GORISCHES L Ty 3Rk USEI N T 2 R EORE S
WA ki, RERGOEEYHNEEEEL LT, 35 r0BBIVRETIEDRY
FAT2LETHEErEz oD, BEFZUAIRBBELT, TV SEROEMTL2BETHS
Mgy, BEEETOEELS, oV v BREBRTHIEEL Y VEAREOEERZIT
weEZHRE, T ) o SHFERTERTIRG, THESEE TS B Y oo SBRICEEFR L THRE
Ex I, AT U SBREKGFEETIETH 2 SRBC R FOA FiURE, T Y w38k &ML T
WEER ST EEZ SN TWE, NO, KU O, BBz X-T, TV 3RikERIFIC L 2
kA RS SR, T U 3R IRC L S AEARRE R T Ao, &
OIrid, TY Y EROPCHIEELELE#ET 2~ =T U 3808 NO, BRU 0, 28I
LAHEAMLBIAILAETE TS, B, AT VoS E @ B2 T Y v keEs
TarEZGNTWHEBEMBRRICY, REC L > TR,

ko ess, TV v oM, SMERURRT 2858 L TORMER, RUBBML A=
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WROHE £ B

T VY85, B U /SERICHEANG, RUF Oy, ¥ ARBIC LV EELEZH LT W I LS s
Lolze ZHIT LM, ARGEEMECLIFREROERY FHRFFH T2 52 CEE L £
B3, ‘

4) HEFHFR

HIEI DR BB T, 4.0 ppm NO, BERBERI X -7, ZBREWE LCHV7 v + O
WEEHRREHSERIEND I ERRE L, SEIENO, & O, 2HEAL LA AL BT v b
ANOEMBRBEERETD, NO, DA IARELEDEICEL2REEZT 50, Thbb,
REOHEELZ ORERREDE U BUN oL w2 rBHlehic a2 L2 HNE
Lo AR & 5 SO BRE G, FHAREL » 5 FREEIC 203 TR D v T,
TOBEBHARNO, L2 ZUNRE L SNIEEZPLIIT> 7, £, EFEMEC L 25
EROBERIE, UFEMS THE»RELMEOEIc oW T, BEHAOFEELHTTF-
125

HFBHECLBREHEETH, rACRELYMLEL T, iEO NO, BHEEBic L3
MO ZRRE L B4 2 Z(0RESH s h T, NO,+0, HERE I NO, HiRZ rHH0E
Lz 522 e h B o, GIBREHTIR, SEX» S KEEH I » I TRE
DEALBTED sz, 18 0 FRETH, PEAREZ» O RBEH WL 25EO—F, H50
RETEICH 3 EROBAS T ToEFCRo o h, BRMSAERZ BT 2 LEOME, i
B BT 2 %0E EROMIEMIER, RUMIER D> o MELEEEC» 3 ToRSES0EH,
EE» 52 2/3 DEECFED sl TheOFEILORE &2 R L BED HBHEER 18
PHBETROBEETH->7, LrL, JITHSKREELIZLIVEEED 4.0ppm NO, RE
WL BERNNREE TERES R o7, 2»ARBE TR, fELr o RBFEC» T TO LK
DIEXRDMESE & LT 2/3 OB sh, MilGECE 588 EEORMEER, RUHRE
X5 fRGEI I 2 CORSHEBOBRMEIEE Y 1/3 offfkicE o sz, L, KM
[EX BT 2 LROBERRED oG hot, GLETL BEU 2 hARETREOE L
s, TOBEBELEERGIBIVE,Lo7, GIETH, Bz sBHMTH -1,
G2RUGIBBIELIIED 0.04 Z1F0.4 ppm NO, BESHERBNEL TS L, 18»FR
Ti3 0.05ppm O; L OHEFIZ & - T, MlELEFOMAEEIL LEOINA & ME L2 RT HEOHEE
BEL D, [EX RO KGR~ st

BT L BB T, AEREMEC & A 8B TR RIS RS O I8 35
75 (D EMFEMaEE o, (2 1 B8R WHE ERot, R0 B kEEEozt
2, BEHHOFEL RO TEEMICEE L 2. SRTFHMREER, 4 > ARV TRBETE
BliemLcs, O 18 A TRERINT 2 RFOBEITHE Th -2, 208ET
FHURBBE R L R ORIIEESEE D oLl
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fEIEE

L]

FFRERED 37— YR DV TR, A ABTRBEHCSWTHEELYI, 9»3E
TR GIETERELEY, 18 »AE TR G3 BTN, XU 2 5B TR G2 R GIFTH
IHER Y, BEBERCEEIC L o THEBCEL T2 I LSRRt £, BHALBOK
IMEMERBENROBEC L 2R#LOETERB T 240 E2 N5, 2L LT 5
Y, BEERAEN & - TER a2 NO+HO, #E&B L 2t o®{bid, 2EHHUs 2w
RREEE X - T TI R <, AR & F OBED 2~4 A, FRIIE| X8 Bkt
BH NS 9~18 A, RUBLIC L 3EBHiSE61 5 18~2 0 A%, W{o»OMHCBTLE
b LTiEI RS b LIS,

HIEID NO, BMBHER T, BATESMRERECRE s n 2 a2 EHmE s Z 08
Baohiz9~18 AR & FOEEMNA LN 18~21 hHEQ >0 B s it Mgt
REZDBTRE-OETIRERE L LeE LA, FZ0ETR A DELOET
EasRD s, TOFE-ORTEHEsh IR EE2PLE LE s, SEOESELS
BEBRT2 A0S 4hAILBVTHS LI EROZEL L #GT 5 0 DTH S LT 1,
0.05 ppm O3 & OEEW & - T LR ORICOBENRO SNt EZ 60 B, L LS
AR T 9 2 ARFTORBESITO R T u b RIGOD B 2w TEBE TSR o1, B
MTHIRAREER I DT, 0.4 ppm NO, SR T 18 5 F THEIMER» A4 5h, 275 AH
TERSRIMNEE I, SROEBR TR, 2> A8 TEIMERE A SNENEE TR L,
FREBERIC B Tid, 0.05ppmO; L OEERE & NO, BIgH - oM ERTEL sz s o
7o

5) HRABNAS (170Y—nsBYR8R) CRETHECHT A4/ PNHR

HEHEMEE A E D FTERELAEREDS (i, £FRRCI BTy 2 iaNER T
fThhTwad, iEORERRFERI BT, 0.4~4.0ppm NO, BAMERIC & - TE—RIENE
BTHLMD L% o THERUEROARBRONELT S 2 e 2 B0 L, AETE, O
G NG, L OWESBEN T v MEBOAEEREE S RIESHEL BRI LI,

o0y —LanRYRHHRCREZTHE  0.1~0.4ppm O, DAMRUEHAEREIL, s
suy —LBYAEAR S RN ITER e, NO, PRENEYREZZETAR -0 LR
HEEIC, 0, B F + 7 0 A P-450 SEERFCHNE €1, Zoihng, Mgk RS EX
O LEHERES O X DV EMBBEL -0 EBETLRLOE, FL2 AP0 BB RO
EEAL L RO RESRE T A2 RMT %, 0.2ppm O, 2 1.2 £721% 4.0 ppm NO, *
BRERBELLES, OGBEMOBSIIUMIZov—40F 204 P-45) SR o iNG B
B UL, BBEESVAORMBECLY, O, HMRRO GI1H TR, i rov—a0F
brwsa P-450&EE, 9 ABEEINL 22 2 ABRNEROECE -7, NO, #FNL
72 G2 RUGIBDHETH, P-450 SEOHEIIOBRE R, 90 HEIE G1BOHS L VN
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FROBME L kR

#8, 222 AHE NO, OFEIIEEICFEL 7MLz, $4bs, NO, Ol L >T, O, BB
WK EBHE 7 0y — 40 P-450 FROBING, SRR 2BHIEBALY, BRETIBES R
fro SO i, EREYAO NO, FAKRE CEE s M KL OEREL L @E 2 RERGHE
LR R TMET B,

FrZusP-50IcE VAR ND 3 7oy — ANRYERENEEL, F 2 0AP-450 58
i NO, BRESBC L0 RENCETL, O, BEEESE I L VFRMICEMNL 72, NO, &
O; DEE I AEAREUESREZ I8 VT Y O i & 3 HEMINE NO, OFINC X DL
oo TOT LM, HEIEBED NO, RUO, HAMSEBIL Lo TETEM: 7oV — ABHR
#HROEME, BEBENO, RUO, DEMEBC SV THEINVBIILERLTWS, BT,
Osi0d 372y —LBMEHRO EL NO, DEFIMICL VBRSNS RKIT, 0, 10k 5 B
ARIOIEE AR U E NO, K &k 2 2MRBROETHR L AH U GETL, RRE Tl
BHIERZZEWLZEEZSNS,

FREUCERO I 20y — BB RETHE 0.4~4.0ppm O NO, BAKREI & 5T
TFz:roy—-oOBYRBRERIEACET L2, 0.8 ppm O, id, Ml BVt BR 2 KT 3¢
fet, 0.1~0.2ppm MEMNRE TRRELZEL oo, L L, EREENEEER T
GIHT22HEE, #r70l b 3BRUEBHMRBHENET LI LSS, O iCkh ~Lg
AR S N AT AT EN S, NO, 1T L 2 BRPRBMBROR T NO, £ O, 0HARBRR
BT oHEEasNLY, O XIAETHRIILLATE -7z,

T, HEGEREO NO, 0, ORMRTC LD, 70V —@as 0L 1, NO,
O, DEBAEEMEBCBNTY, 00k 3 170y —ARSOMIMER R NO, OFINC X
h—EiEE -7,

NO, RU O; ORZEOME I & 5 58 - NO, KU O, OERNHFTHOMEC LD ED L Sl
fishdrrRPereT o0, EHZ v (23~ AW 1.2 % 4.0ppm NO, 32 H,
HAHVIE 0.1 KRV 0.2ppm O, 4 BREBEIT- 2, MOBEE, 12~ rARORZ » Tk
4.0ppm NO, EFE 30 EHTOAMIIL . ERZ v T, NO, RU O, 0T RTORER
BECRioBEESEMNL, NO, RU O, T 2BEMSE Lo Twa lenFBani, &
BoOBEES, 4.0ppm NO, B0 0.2 ppm O, BEICH L TEEZ v P T1hL 7. FOmER
fERERECHENE, NO, BB I VEMT22E®H T v M THMMNL o, O BEIC LS
B b 7 oA P-450 SEOMINE, E& T v F TIRIENOTRES#EN L 2, Big, NO, £F
LM RUHEOD 7 vy - L ERRERRS R UERRBHEEOR E, R v F TRED
B —BAL, ZLTLOERED NO, BB L - T b BEa Nk, CNLOBRE, EEKD
NES & AT L TESHESET § 2 &R T L TR, R e b RERERSE & 57201,
NO, 0, ic & 2 BEN—FBECHAD T VI L E2FTRT 5,




FrEIEZE

6) BEEBR LSS » MBI E R EMBO Tzt 2 AR

Zy rEBAOHHEO NO, BHREER 2THA8%) 1w, NO, B8F0 L5 - £8BH
HOERWwHO>NT, Mo tEREHROEREETL, 2OB8R: LTEEKIC L > TEELA
BLIEEsRnT 2 2 s 2Rl

TEEAREMES Bt e AMBOER 58, 7y PEHEVLTNO, £ 0, D{EBE

ERHABRBER (2 0B RE) 217w, NO, BEEBOHSORE LHE L 1, FHEARLC
EDESH AhiciiE s e ERILAEOER T TBA RSl X » THE LM oBB LY &
Z9~13 B ABETRALY~ZEIiNL, 20% 18 » B BB TR, 4ppm NO, 27 »ARIEED
BECHSN LI, HEV AV TICET LR, £/, EF 2 ERUFCO L S BTEEM
VEBE S 9»FEHCRERCEN LS, 82AELUBRTLAERICET L, —H, i
B MDA R EE S S ERHM 2B T2 ELERb oo, TRASD I LI,
NO, & O, DEARBOKER NO, HIMREFOBE L FHCHEA, S &0 REERIIC TR
MR HROBEES - MMET 2L T IE2TEL T,

AF—FABMEERFOEL Do 7 — 7 oAl Rz BEEFo R v TR L
foo BiDE /7 v Fyy—¥ (MAQ) #EE, GIBTRIrAELERCEIL, 20
BEIZEBENMOZEC K THRAL, 18~20FHICHERICE 27, G2HTH MAOEK
id, BEEHEHOEE SN TENMEM 2RI, 228 EETRCNLE:, 20k 3 Khics
75 MAO EHEHMOREE, NO. BEOHN, RUBRBEHOLERCMH > THALL, £7,
MioeFedy7oly (HOP) E»efEL 27 -5 vEid, SFRL2YPELEUCTERLRE
fbrRisedrolcs MAORI 77 ORBLEREET 2 LE LR TRE I RS, G2 K
UGIPTRI~2ZHEBRCHIT, Mtk 237 —4 »O3LsETL T e FEsR
%,

—7%, M#EFD HOP &1, 5 »HERIEREHRTERI LS, Z0BREEEL, B 18
BEN B e L TN L 2, Mo a5 — 4 v BRSNS, miFh HOP # & F
BEOEEELETL, 9~18 »HHIC NO, BEC&FEL TRIML 7z, A, mEho27 7+ —
CIEEFOEMEE, HOP BERU 2 7 — 4 B RARIE N ORIFAAL & ia gy, 5 2»FE
EREBIMER A RL, 18 0HHIRETL, 2228 A TR0/ Tnur, 20 L2, 0
Bhoa sy - EEERTOBREE. oo 7 -7 v SROECEUDERER L. 27—
B Ehc E L 2 ARTE, BRE L & b CFENE R TLCS, RBMEERTFHEOE
BREYRDOTH-, RFHOP &z, 5 »FHCHSREHTHEML 7228, ZoREEIL,
SEEH L DEWEERETEAZ AL, SEHOEEREE TR, NBERVERYO HOP 20/
RS o Ebo T,

R BT AR [ AP TE, RTAy NAAT =, Ty FERUTEALEY FERGT,
&% 0.4ppm NO, RUF 0.4 ppm O; OEBR FHSRFE I & 288 H £ - BRI




mECHELRY

FRW RN R HE U7, 4 OO OBABEETESR, EBEELEVESIIREYYRA>

NLAF—>Fy b>TNTy O LS EHRAMEORVEICE -7, 72, NO, H 40
i Oy DEMBETH, FOIMOEREEE LML kot Linl, NO, +0, SR8 T
BEALEY t OEBUEESARLTEORNELRL, vV AGHHORMEETL, ~NAXF—
ETw MREEAYENLeh o, JOESEBCELT, BRLEESENL Lro7h A
Ay =%y LT, HECHHROEESRERCHIIL TR, ELEy bk S IoH
BACEOAER S 25 - R B T, BRCEELIBRETHML Ty, Jhe0BRE, X
SERA AL VHAT B £k D EGREISE BAABANHE I LERLTHA L
R, AR LIEE DRI B U T B a5 KR, IO B MRS R O BRI 1
M EsBEEER I L > TENLBAn I itk EZ N5, 20 L5, NO,
RU0, RECHT 2BWEZOWL, € FORB~DBESE 215 LTEDHMEE VD
PELD I TS L s bEETHD, t b OBEAOEEEFHT 2O ORBEH 22
LELSHB,

7) BERB ST IRR22 55 CARRURBICET 2 HIR

TuRS 7Yy (PG) Hk, HtEeE L THRYERERER O, EBEWCEY 3 PG
BRAUHREHNEL T2 L, 2OBEORGCRILBERRIZTREENRDE, £27T, NO,
20, DEME L RERBRC L), FRREPEFIELBEE R LI WTE, PG OGHP RS
EDEIENTEh, oty FRERVREHLBEORE SO ) EELR
BT HEEEA S 2 A B L TRET L,

ML RE R~ DR © 10 ppm NO, 2 BRIBRE T, Mo PGL, AEHII 3 BEERRRE R D #
DHHELIZEET A 2 &, RUMBESET TR IHSO PGL, ENEEIET L% ORI
CTEMHepic o, —H, borEFdr (T A, BEUTA3 > (LT) C, 813
Wil 7z, ZORTO PGl &EEEDIETIZ, PCGL SREBROMEC L2460 TH2 - k23X
dhtce 0.4 BV 0.8ppm O 4 AMBBOELES b NO, OB RO PGL SR ET
TEHIEMASMIL -, INHEDZ Ehs, HENSEBEDO NO, 20, ZBI0L D, REY¥
BEE2MESs ¢ 2 PGL #RUVZOESRESHTETL, SEFRBHOIUEERHE2TRT TXA, &
ULTC, 8EEHEINIT2 46, 754 F i (AA) ABREELEH O & gD %
PHEHRMCRITa €2 #2005, LoLass, Z0L3EMicET 3 PGL &REDET
i, SIS NO, +0; HARB 9 BE TR, T RTOBEHTRD ST,

ENVET Y FEAOVZEETR, v TO 0, BBICL - T, KERGERBCABI S 2
ESHEINTWVD, 204V V3R ERBRESRCNT 2 TXOBES L T,
TXA, AREERORSIC & VIRERES S BT 5 2 &, TXA: OBERETH S U46619 2%
MRIATERS 2 & SUE R IR B UCREIC R 2 2k, 2, O, BB L » TREOBRBIRE
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1 LiEE

AL E B IO TXB, HEAHINT 5 Z L m o, O BFIC LT TXA, SRHTHEL S
DS & IO TR 2 B A BT € 2 2 s RERESEO—HNeE 1602, 2270,
NO, BB L3GHEOBHRECS T2 AARBMYORTRHEE T 2 HA T, AR
TXA, B~ OFE 2t L7z, 10ppm NO, 2ERBRIc X 0, /MO TXA, LML
M/AMEEE AR DT 2 Z LML, 2O 2 8 &b, NO, BRI L 5 m4+ o TXB, &
ORMES &2/ 2T i/ED TXA, SO, SEOREME2FEL T 2 —Fic ik 2 TaEHE
HHrEZI OIS,

BEDz e & nEiEENO, RUVO:R8EICES, WMEAVIVMRTO PG, TX, RULTHOE
FURE, RUMMEHER SO PG, TX, LTHo 220 bz, [ECBEREL23/ 2T —H
KhHmEEEEF240rFE L 6N,

FEALNFEE~OEE 10 ppm NO;, ML 0.8 ppm O, O 2BERE - L 0, V) > 8kiEes
THEEEEUTRBOZERENMET T2 2L, RUBEREDTEL AARBEYTH S PGD, SHE
EDTHEL, S~ HRCEEABRRICSZ L Z epBehickole, £72, PGD, 2V >/ RO
ELETHIL 72, Ledt> T, NO, BT O, B8 & %2 PGD, OGRITE I, BRI RARO R
EEFETEEITEENEL EEZ AL,

8) PI/BRUARTIFIEIRITEECEHT SR

IHETOWRIIBENT, 7 v vy AHEEHERED NO, RU O, 2 #E T2 &, Fio
BILM SN F F4 > (GSH) o8N 5 Z 380 5 ik 3 1, GSH OB B LRS-
DIBEC A EELASNT &, Lich- T, GSH ons 28zl s+ 5 2 13, Bk
HHBH T 3 ERRIC 23R T2 L TEETHS, GSH R, GSHERRCI-T7 3 /B
SEMEND, 22T, AFETIR T v IO GSH v _A KU GSH 8F% I Rigd NO, & 0,
DHEMEVESTOFARBRREOBEERA L, 74, NO, £ 0, @ GSH A ~OEED
Zy O L EHIC DL T HIREL 2,

oo GSHEBIRIZTRE o GSH 35, 4.0ppm NO; 4:BMBRE T 5 » THERI
B E e, 272, 0.2ppm O, 4 BHEHE b, Mo GSH SREFREHEMS &7,
L Ldis, 4. 0ppm NOy 42 0.2~0.4ppm O, ##& L 4 HMRE L7284, GSH S20 800
BOTFRORBEBMIBWILREBETSHED, NO, 2L 28INEHRIE O, OFNc L VEEs i
Mo, ZOHKRE, 4.0ppm NO, BBiC & - THICERBBRECET s h T 3 AEEE 4T
Bl Twb,

GSHEARFRIRIZTHE GSHZ -/ NI 2Ny AT A vy v T8 —~F (- GC Y7 ¥ —
¥) BUIZNLSFA v vTF8—¥ (GSH Y > 75 —¥) ETHRSAARERTERENS,
e OERENC RIZT NO, RU O, OB DOLTEHNT 22010, 7 v bolfiicsidysy
NEFACERERBEORGE LS L, RICEEYEESHEBRE 7 a9 57 4 2 IV HIE




- . = ¥

g e e e e e e W W

HHRoOBE: BRE

TEHLVAERHAE L. COERRREBE TS, chETHER L i Vs
FA R RREEELRBELCHE T2 mMTE R, 0.4~4.0ppm NO, 31 FHERICE
W, 7 Mifio y-GC ¥ 7 ¥ —¥igthid, 1.2 ppm NO, 2B TEELL 20, 4.0 ppm
SEMTNBRECHLCERCEML:, —7, GSH ¥ » 7 ¥ —¥ER I R TORBHTH
BREESEONE» T 0.2 R U0.4ppm O, @ 30 AESE TR, O 20BN RRERTE
MR T ~TORERCBWTERCEINL . Lizdos7, NO, RUO, iz X e GSH &8
ORI, GSH ERFBRORERC L->TRIB 2 LMo, 0.2ppmO; i 1.2 ppm
NO, #8& L 3 RHEE LSS, 1.2ppm NO, B 0.2ppm O O 705 5 4 » AN FERRE
MOBEIER % EIE 2 &%, 4.0 ppm NO, 1, 0.2 ppm O, OEIIER £ I8 & & 7225, #Insic
FES 2o, GSH 2#RU GSH &ECREHIEE OIS NO, & Oy & & - THIMN
BICIE s i wREO—D2E, GSH SR OERL itk LELoRD,
GSHERMFBAOTNLECRITHROBE  2~ULAROT v F 2NEE L L, T v + (23
Xix 24 o AE) OO GSH ARABFEEICRIZT NO, MUV O, BHOEEIODWTHREL
720 4.0ppm NO, @ 3 2 BREIBB 0B, v-GC ¥ v 7 # — FEMIINERIC B CEEC RN
Lz, #o o b TRATLHERENSEI s ot 72, 0.1ppm O, @ 4 BHEZED
BE, y-GC ¥ » 7 7 —¥EREHERIC s TEECINLU 225, ZR Y v b TREMERSR
BT, LizsS o TERE, NO, RO, OERLERRICN L T, BREEEEME 2288
NEET S 2R R 3 117,

9) MlREFEE
SERSHORILE (Go M) H BFRMIM Y > SBREGE{LA (mitogen) 4 D5 RS

Cw, REEEIROMRRESERME (SCE) 24T 2 0Lk, BB s REERRY

B L AMEBCEECERYRL LT, Bhl in vivo REZO—2TH S, BT, &
BWIRERCERT 2 B&EMRTsn, AHEHOMEREEOREDE=S ) » 7l
HositTwz, LeLlksls, 79 bz lor v \EEREmY » SRS Es e bickhT
BEL <, VYo ERERWTO SCE ORI D2V, #27T, 295 v FOFRMIM Y >/ ERD
BHTEE LI SCE 4 OFE+ R4, 2RhEAWT, NO., O RUZLSOEEN ARE
EBSy bACHREEFNEES, FARESNRL Ty POESMY > KO SCEHED
EEAEREE LRI Lz, B L oM ERC/NERIMT 2 it S8 (MERmEE
BYEROT, EERELTavad R YA L 2-ANI7 Y2y /- ERMT2 Lk
D, 7w PERIRALY >33 DWT L SCE DT +HaaihEBtEsBon s J s p L
o, TORRE, U BRI D i ERIE T A BRIEL L THEWE S W SCE 24T
B EHTREE B otz RO TR RV T 4 ppm NO,, 0.2 ppm O, 1.2 ppm NO; +0.2 ppm
Oy, B 4ppm NO, +0.2ppm Q, O 4 FEEOF A 2207, 458, 88, RO 12:HESE L




i LIEE

7w b OERMIMY > 8kD SCE SR EHA L L 25, BREAE T i uviEs o SCE(E/E SCE)
HRCELERED sh T, BESCEHEORMMNEZHEITEE LES, ChoBHERETRZ v M
MM EGEEE R T2 2 L3 TEhdot, —H, SCEQMWERAITHL~ 1 =4
¥ CDin vitro TOHERSCERBR TR, 0., RUFFOEGRBERO B THEZHEEDRHEI
MROONT, Tk, 0,357 v FOERBMY > B L THRBEHERT (v4 b <
1y rC) ~ORZEEFDLELLORELRL O EEN SR, kB, 05 NO, RV
ENOOESH ACRFINTL T v FOFRMBMY R & 5 SCE A 0&ERE, EENICE
MR EEEEEETH o, Ty bAoA RBERICE VT, ERIERETH S M
TREESCEFAZEOFELZHMD A Sh, BHEOBERE2RTHELH L, 7, BEAE~OY
ARBCLD in vio DEBRRICBOLT, O, RUNQ, # A, MELLbTLTRHLZNEE
W SCEBE AN ¥, FUHlEEEE 52 2T D T3,

10) £&EBRERETRE

FEAICE, BRTELS SN S RINERS AR, ERAE & L TEEL, SRaBELFHEL
T3, BIEORIHECE VT, NO, RRMROFGLEMEE L I LR R0IEL, &,
i GEET 2k~ 7 07 7— 21, NO, BB & - TRBICEEL S h, FlahoMiass:
BWinT s e xBeMic Ui, 22T, ZhoOMEICRT 2 0, OEE, NO, & 0, DEEEE
RUBHOMER I & 2 ZBOBEIC OV THRE L,

FROERCRITTRE 4.0ppm NO;, ORM-BIESRC LY 7 v FOMEEdicE, NO; KX
ZEFCNT ARERCOER, REEECSWHWRIROBAENE L 20, HiELHEMOL
e 0.1 U 0.2ppm O, BEEEREE T, 045 RBRICE—REHeNT, SEBEO, O
AUEETI HtERVHbERIDLARD U, 222, 23~U2ERBOERZ vy BT
1.2% 04 0ppm NO, D3 HBBERE T 0.1 RV 0.2ppm O, D 4:HKFEIC L U Ht R U Hb
s U Bic, BREHS Y AORMZREEBICLY, G2 RUGIHTIE HtER I2F
HicimL 2248, 22 »FEICHEA Uiz, SLEoFE, NO, L O, RN {BHFERIZT
2, COBEFRERHORBREGE L TORMROBEC L VEFRHERL 2w 2 b, RURML
BRELSEODETL T ZR 7 v P TERAERIEH TS T2 BEBRFELL T LR2RLT
Vid,

R0 77,—S It RETREE 02ppmO: # 7y M 2BEMBE T2 &, i< s
77— YTk, NO, BEOBHE L RRICE TR - BRROREZEESEML, R iR
BHEMLT, BB s~ 277 7 —YOMlasis, O, NO, #B¥cRA S TwaED
FoLARVicHF A, JOBERE, ThoOd A0k o TEMEER L 2 L EHE 2 s &
Bl dicw a7y — YOMEESIHEATE L ALITREANE Z LR RB L T3,
wrua7yr—Y, MCB02MEYNOBRREMBCERELRELRALLTwE, v 7o



HROEE L RE

7r—YILIBEEERERNC L b EECHE T S AEEEEL, 0.2ppm O BFE LT
Zw Ol o7 r—VOREEE~OEEZ DL TR L. O, BERBHEEEZET
s, FLT, HECHVLMEOBRIC L - T, COEEETHSBHMPRREL 2,
Ih, U ABOERZ v TR, 0, BB I 2BEHEEOE TR —BESc ko1, BBEH
EHADRBEZ TYH, Mid~r ov y—JoMBRguI ML, Mg LE#~DBEESECT
WATIERE TR LT, $EBE 2 +ABRE, T TORBHNTREEELETL, BEH
WA OERIC L - Tk, O, & NO, OESIC L D BFEEMNEL ET LA, M~ ro
77— S OBBEEOBET I 81 2 BRMERMOET OS2 R"ET 2,

BAR - R L 3

1. #K B-fk 85 HENBMAOWPRS L BRI 2 S UER 2 IET 5 5E, R 1343294
5 (61 10 29 ) (5 45 ERERINT FHRWRE, 6154 1),

Lk BR e dR B ERNEYAERBRRER T Y SV 2T 74 ¥ —, (REFHER
L WHEBE D Sy FA rEERRREROENNEHEOUR.

CBEET P 2L ERERONE.

. BAEFRZHE D 7y P RELofisRE s (SCE) MnFEORMS.

CREAARE v a Y - YOREBEOBHEEIEEORE,

Oh W@ e W D

MAXR—E
[ENRIRER)
1982 &
R T » RO 5HRBECE (1982) | SWEEFEWER L 2Rty v, 7
TRy B & Uy ESOERICHET 2T, BEMLISERLE, 6, 72-76.
TREEEE « $5EE— - BEER RS (1982) [ ERMERREOBEIMEE B L URHRE, —NO, R2F It
% BEE AR —, BERLEREMR, 6, 77-82.
R (1982) @ o L FRELAE L. KRE L #E, 5, 225-232.
BEEEANE (1982) | KRBRYE K & 2 EEEM(L. ERF LFMY, 5, 233-242.
WEMRFENS (1982) | NO, oA GEH &, BEakts L CEEEEC L 2 BEER(L— RERE
WEEREE - AMERETREROWILE, 40-51,
Suzuki, A. K,, H. Tsubone and K, Kubota {1982} ; Changes of gaseous exchange of mice

- =

e

acutely exposed to nitrogen dioxide. Toxicol. Lett., 10, 327-335.
Suzuki, A. K., H. Tsubone, M. Sagai and K. Kubota (1982} : Changes of gaseous exchange in

the lungs of mice exposed to nitrogen dioxide and their recoverey process. Toxicol. Lett.,




Ff EIEE

13, 71-79.

Suzuki, A. K., T. Ichinose, H. Tsubone, H. Oda and K. Kubota (1982): Effects of acute
nitrogen dioxide exposure on swimming performance of mice. J. Toxicol. Environ, Health,
9, 165-172.

Ohta, Y., M. Yamada, T. Yonevama, A. Suzuki and 1. Wakisaka (1982) : Dynamic study on
animal experiments using N-labeled nitrogen dioxide. Proc. 4th Int. Conf. Stable Isotopes.,
March, 23-27, 1981, 557-561.

Ichinose, T., A. K. Suzuki, H. Tsubone and M. Sagai (1982) : Biochemical studies on strain
differences of mice in the susceptibility to nitrogen dioxide. Life Sci., 31, 1963-1972.

Ichinose, T. and M. Sagai (1982): Studies on biochemical effects of nitrogen dioxide III
Changes of the antioxidative protective systems in rat lungs and lipid peroxidation by
chronic exposure. Toxicol. Appl. Pharmacol., 66, 1-8.

Tsubone, H., H. Oda, A. K, Suzuki and K. Kubota (1982) : Electrocardiographic abnormalities
in rats by acute exposure to nitrogen dioxide. Toxicol. Lett., 12, 125-129,

Fujimaki, H., F. Shimizu and K. Kubota (1982): Effect of subacute exposure to NO, on
lymphocytes required for antibody responses. Environ. Res., 29, 280-286.

Kaya, K and T. Miura {1982) : Selective changes in fatty acid composition of phosphatidyl-
serine in rat erythrocyte membrane induced by nitrate. Biochim. Biophys. Acta, 688, 305
-315.

Kaya, K and T. Miura (1982) : Effects of nitrogen dioxide on fatty acid compositions of red
cell membranes, sera, and livers in rats. Environ. Res. 27, 24-35.

Sagai, M., T. Ichinose., H. Oda and K. Kubota (1982): Studies on biochemical effects of
nitrogen dioxide. II. Changes of the antioxidative protective systems in rat lungs and of
lipid peroxidation by acute exposure. J. Toxicol. Environ. Health., 30, 1437-1442.

Kobavyashi, T., N. Miki., H. Oda., M. Akiyama., K. Kubota., H. Takahashi and 3. Nagasawa
{1982) : Effect of nitrogen dioxide exposure on cyclic GMP in rat lung. Toxicol. Lett., 13,
35-41.

1983 &

Az, » REEOE - FHERCS - B S0 - AR - BERHEr (1983) @ FPRPRILKFEE
ORISR, BRI EIEEASE, 7, 154-158.

THRRZESE « BRI AERE (1983) @ /87 0 — b X AHOMEE(L L BRELERE O £ 2 v T AR Y
RSB W4, 7, 133-137.

T HEE T MR R AR RER (1983) : ZEMbLEROSN, EANS LI UCBERRICL L5 v

— 98 —




HROME L RE

O FREGRREL & B O ARMCIEE I o &t D v T KREERERTE, 18 (2), 131-145.

NHEZ - AREEA - BRE 8 - s - SRR - RE)ISHE (1983) D reR 4 A RILAKEH
EORKISH—% 18— BARKEEFSME 13, (1), 108-112,

WEMEFHRE (1983) @ A{EPARLIEE ORIER C. BT - BRLIEEREE, & -HER E
BEEHIRR, 98-108.

S FONE D EOER - OO - AGRERCREE (1983) : UK aerosol 1 & % IgE i
FEE-FERHPC BT LRO0HA LY — HAEGERESE, 26, 623-627.

BETS M RE 19 (1983) - Y ARHMBOZEHBE—EEER—. tFrooP—vr—-7
4, 6, 250-257. '

R BeRm B BEEE- AREERE (1983 ERE_BLCERRBEENI o OB
ARt pHa, PaCO, PaO, 2 BT § %8, HAMAFMEE, 38, 758-763.

g BA (1983) | ARG HRMESKEEIC S A 2BEIC DL TS0, £ NO it wT. b¥
Yaay—7 +—7 A, 6, 508-517.

Kobayashi, T., . Morita and 5. Murota (1983): Effects of nitrogen dioxide exposure on
prostacyclin synthesis in lung and thromboxane A, synthesis in platelets in rats.
Prostaglandins, 26, 303-310.

Kobayashi, T. (1983): Effects of ozone exposure on prostacyclin synthesis in lung.
Prostaglandins, 26, 1021-1027.

Sagai, M., T. Ichinose, T. Kobayashi and K. Kubota (1983) : Changes of lipid peroxidation and
antioxidative protective systems in rat lungs upon life span exposure to low ‘levels of
nitrogen dioxide. Dev. Sci. Pract. Toxicol,, A. W. Hayes, R. C. Schnell and T. S. Miya (ed.),
Elsevier Sci., Publ. B. V., 483-486.

Sagai, M., S. Suzuki and T. Ichinose (1983): Relationship between survival times of rats
exposed to lethal level of nitrogen dioxide and arylhydrocarbon hydroxylase activity in
lungs. Toxicol. Lett., 19, 233-239.

Imai, T., F. Shimizu, H, Fujimaki and N. Watanabe (1983) : Enhancement of IgE antibody
production by ovalbumin aerosol in mice. Int. Arch. Allergy Appl. Immunol., 70, 368-372.

1984 &

TN R (1984) 1 N 2 — bk BBEREIREER £ o 77 O REBER BT
ZHt9e. @ELIEE IS, 8, 63-66.

IR - THHRESE « AT =T « REFRE - TIRfETA (1984) I Ry 73 DIy F4
F & v & —¥IRE, —in vitro EB & in vitro HE—BER{LIE BT, 8, 87-91.

UEARFH S - AREERL (1984) @ ERBACYEMOBEC O L S hEbE b6 0 REL AR




. EIE#

0. SR HE—SHE, FAHES, 56-74.

= R (1984) [ ERE&ECRMREEC Y S RET 4. BE L AKIL BE-HLHE HREA
kR, 75-87.

S E (1984) L ZEMEEROEREYCRITTRE. AL, 30 (6), 344-355.

Mochitate, K. and T. Miura (1984) : In wvive effect of nitrogen dioxide on the activities of

-glycolytic enzymes in red blood cells of rats. Toxicol. Lett., 22, 315-321.

Mochitate, K., K. Kaya, T. Miura and K. Kubota (1984) : In vive effects of nitrogen dioxide
on membrane constituents in lung and liver of rats. Environ. Res., 33 (1), 17-28.

Kaya, K., T. Miura and K. Kubota (1934) : Different incorporation rates of arachidonic acid
into alkenylacyl-, alkylacyl and diacylphosphatidylethanolamine of rat erythrocytes.
Biochim. Biophys. Acta., 796, 304-311.

Kunimoto, M., K. Mochitate, K. Kaya, T. Miura and K. Kubota {1984) : Effect of nitrogen
dioxide on red blood cells of rats: Alterations of membrane components and populational
changes of red blood cells during i vivo exposure to NO,. Environ, Res., 33, 361-369,

Kobayashi, T., T. Noguchi, M. Kikuno and K. Kubota (1984) : Effect of acute nitrogen dixide
exposure on the composition of fatty acid associated with phospholipids in alveolar lavage.
Chemosphere, 13 (1), 101-105.

Tsubone, H. and A. K. Suzuki {1984) : Vagal afferent activities corresponding to respiratory
cycle in rats. Jpn. J. Vet, Sci., 46 (3), 377-380.

Tsubone, H. and A. K. Suzuki {(1984) : Reflex cardiopulmonary responses by stimulation to
type ] receptors in rats exposed to NO,. J. Toxicol. Enviren. Health.,, 13, 805-917.

Tsubone, H., A. K. Suzuki, M. Sagai and 5. Sugano (1984): Changes of cardiac and
respiratory thythm in non-and tracheostomized rats exposed to nitrogen dioxide. Environ.
Res., 35, 197-203.

Fujimaki, H., M. Ozawa, T. Imai and F. Shimizu (1984) : Effect of short-term exposure to O,
on antibody response in mice. Environ. Res., 35 (2), 490-496.

Fujimaki, H., S. Takahashi, M. Ozawa, M. Murakami, H. Takahashi and K. Kubota (1984) :
Enhancement of antibody response in Japanese quails by acute NO, exposure. Environ.
Res., 35, 399-404.

Sagai, M., T. Ichinose and K. Kubota (1984) : Studies on the biochemical effects of nitrogen
dioxide. TV. Relation between the changes of lipid peroxidation and antioxidative
protective system in rat lung upon life span exposure to low levels of NO.. Toxicol. Appl.
Pharmacol., 73, 444-456.

— 30 —




UsEolE L RS

1985

LIRS « BHEEE (1985) [ 3-AFA I VALY, T RN EY—LBESy NHIZH S
BRREAEE i DT BREEIBERTIE, 9, 66-69.

TS » P/ B R - R (1985) @ BT v b DAIC B T 2 BREEELER L BERNFOE
iz 2w T. BRR{CIRERIS, 9, 63-65.

R (1985) [ BEREIEE L ERNET. 3 BES L UREE, BEREYE - 44, Al
76 - BREILT - IBBHHE. FEHRE v —, 145-170.

iR (1985) L AR LIEE L RIENF. 2 REEERYHE, ARCREE S A% Al % - BB
HFH « BRFEMHE. FoliRe ¥ —, 333-354,

MEMR RS (1985) | B 2 v E L REHY, U5 3 v E-EBELEBR— SHEE L2REEE A
TR, [EEEHRR, 250-258.

BaTHE (1985) 1 KAERYHE L SCE. SCE- ik H (5200 L BUR R . /NRET » A
FRE, VLR T 4 —F 4, 375-382,

ML T - MBS - R EEE (1985) @ TEEMUEBE » &%) . FEERe vy —. p. 430

Levine, L. and T. Kobayashi {1985); A caveat in the interpretation of radiommunoassays for
arachidonic acid metabolites. Advances in Prostaglandin. Thromboxane, and Leukotriene
Research, 14, Raven press, New York, 83-85.

Suzuki, H., T. Kobayashi, 5. Havakawa and O. Wada (1985) : Age associated changes in rat
plasma lipids, platelet fatty acids and prostacyclin release. Biochem. Biophys. Acta, 836,
394-396.

Takahashi, Y., T. Miura and K. Kubota (1985): In vivo effect of ozone inhalation on
xenobiotic metabolism of lung and liver of rats. J. Toxicol. Environ. Health, 15, 855-864.

Takahashi, Y. and T. Miura (1985): In wvivo effects of nitrogen dioxide and ozone on
xenobiotic metabolizing systems of rat lungs. Toxicol. Lett., 26, 145-152,

Mochitate, K. and T. Miura (1985) : An increase in the activities of glycolytic enzymes in rat
lung produced by nitrogen dioxide. J. Toxicol. Environ. Health, 15, 323-33L

Tsujii, N., M. Kunimoto, N. Shimojo and T. Miura (1985) : In vivo effects of nitrogen dioxide
on the blood nitrate level and the Nat, K* -ATPase activity of red blood cells of rats.
Toxicol. Lett., 24, 59-63,

1986 £

e (1986) TEBUEAT & ARMIEE, [AREE %], AHEE - ¢EEE - BEE
R« REBEH, SCERE, 257-277,

AREERS (1986) @ NK 6% & BERY. Med. Immunol.,, 12, 253-259.



HLEEF

At ETEEE (1986) @ NO,AEHERE ORI (BER) T L TIRFE £ 2 52 H. 60
FEFRHERFEELRR 70 Y 2 7 FIREREE, NITESRR. 158-160.

Ozawa, M., H. Fujimaki, T. Imai, Y. Honda and N. Watanabe (1986) : Suppression of IgE
antibody production after exposure to ozone in mice. Int. Arch. Allergy Appl. Immunol.,
76, 16-19.

Kobayashi, T. (1986} : Effects of nitrogen dioxide exposure on the contents of prostagiandins
and thromboxane B, in bronchoalveolar lavage. Prostaglandins, 31, 469-475.

Arakawa, K. and M. Sagai (1986) : Species differences in lipid peroxide levels in lung tissue
and investigation of their determining factors. Lipids, 21, 769-775.

Takahashi, Y., K. Mochitate and T. Miura {1986) : Subacute effects of nitrogen dioxide on
membrane constituents of lung, liver, and kidnev of rats. Environ. Res., 41, 184-194.

Tsubone, H. (1986): Characteristics of vagal afferent activity in rats: Three types of
pulmonary receptors responding to collapse, inflation, and deflation of the lung. Exp.
Neurol., 92, 541-552.

Fujimaki, H., S. Hirano, S. Takenaka, M. Murakami and N. Watanabe (1986) . Enhanced IgE
antibody production in mice injected with fly ash. Int. Arch. Allergy Appl. Immunol., 80, 137
-131.

Mochitate, K., Y. Takahashi, T. Ohsumi and T, Miura (1986) : Activation and increment of
alveolar macrophages induced by nitrogen dioxide. J. Toxicol. Environ. Health., 17, 229
-239.

1987

T2 « IR TR (1987) @ “RMbEERREIC L5 5 v O, MBRURED 27— 7 AUH
HEEFOEL. REERFRE, 22, 397-407.

B E— (1987) : SO RMBERBICHET 2 EXNHRBEZEROFE, EFOH DA, 142,
897-898.

Kobayashi, T., T. Todoroki and H. Sato (1987): Enhancement of pulmonary metastasis of
murine fibrosarcoma NE-FS by ozone exposure. J. Toxicol. Environ. Helth., 20, 135-145,

Umezu, T., N. Shimojo, H. Tsubone, A. K. Suzuki, K. Kubota and A. Shimizu (1987) : Effect
of ozone toxicity in the drinking behavior of rats. Arch. Environ. Health, 42, 58-62.

Takahashi, Y. and T. Miura (1987): A selective enhancement of xenobiotic metabolizing
systems of rat lungs by prelonged exposure to ozone. Environ. Res., 42, 425-434.

Murakami, M., J. Yonemoto and A. Kawagoe (1987): Difference between human chronic

brochitis and morphological alterations in lung of rats exposed to low concentration of

— 32 —




Lol . o L

Ll o o o

hreofEs Ry

NQ. and/or O; during life span. Semin. Toxicol. Mech., 1, 29-37.

Kubota, K., M. Murakami, S. Takenaka, K. Kawai and H. Kyono (1987): Effects of long
-term nitrogen dioxide exposure on rat lung: Morphologibal observations. Environ.
Health Perspect., 73, 157-169.

Fujimaki, H., Shiraishi, T. Ashikawa and M. Murakami (1987): Changes in delayed
hypersensitivity reaction in mice exposed to O,. Environ. Res,, 43, 186-190.

Tsubone, H., O.P. Mathew and G. Sant’Ambrogio (1987): Respiratory Activity in the
superior laryngeal nerve of the rabbit. Respir, Physiol,, 69, 195-207.

Sagai, M. and T. Ichinose {1987): Lipid peroxidation and antioxidative protection
mechanism m rat lungs upon acute and chronic exposure to nitrogen dioxide, Environ.
Health Perspect., 73, 179-189.

Sagai, M. and T. Ichinose (1987) : Changes of lipid peroxides, vitamin E and peroxidizability
index in rat lungs during aging. Clinical and Nutritional Aspects of Vitamin E. (ed.
Hayaishi, O. and Mino, N.} Elsevier Science Publishers, 321-324.

Sagai, M., K. Arakawa, T. Ichinose and N. Shimojo (1987) : Biochemical effects of combined
gases of nitrogen dioxide and ozone. 1. Changes of lipid peroxides and phospholipids in

lungs of various animals. Toxicology, 46, 251-265.

(OERRE)

1982 &

A - 3R — - IBEHE - JEEEREN  SBECRLERESZHE LS 7 v r OLEFF-H
i Arylhydrocarbon hydroxylase (AHH) GO #ERE iz oW T, F 23 ODREBRFES, 5
(57 11).

WA - SR — 8K -7 H— - BEHE  CBCERERCET 2oLk
SRR BRE AT A 0TS, & 23 EIARGIE RS, B 67, 11).

TRASIE - BB | BERBLoSWEERL L URKER DWW T -NO, &8 L 2JHE®Rt
—. #H 6 mMBFBRLEEEWRRS, G (67, 10).

BB - TSR - O SHIEEGE  SEEEE B L AaRh Ly v, Ry T g
ORI T 2 87%E. & 6 B EAARCIEETES, 4 (57. 10).

WEEZ « AR - B 8« BO B - RIS PR A RO BRHEORKIEA (8
1#R) . 319 RARKEREES, #E8 (57 10),

WRIBH B - TR » AREETL - ABRIHERR D NO, oRIBRRD 7 v MICRIZTEE 10, Wi
th R ARSI & 2 RE R VT, 523 BRABRFSE, 5 671, 11).

$ok BReR M ZEEBAEE  NO, BEEEO 7 v Mo RIZTHE 9. B pll/# A8 XU

— 33 —




HEIEE

HEA A (0, CO,) OELIDWT. ¥ WEKJBRFS, HiF (57. 11),

wAR BB E-- BB EEHBEARS NO, 5L UV 0,0HE—52 IESEEMNT v b
DA LT TRE. 523 RARERES, BiE (57. 11).

BB - =/ = KERE UEEELAER  NO, BE0 7 v MiliB L U4 ERER TR
YRR F 23 IASERES, SE (57, 11).

KRERET A E- ok B9« R B0 RIUETE 1 UNO, QEENEE A+ 2 5. H55
BIRAEREM LEE, G5B (57, 4)

B OM— 8K 8RR RREERL  NO, R8BI L2 LEREE— r S MEUEE) -
OBELEMIZ W T, 23 BAKERES, BiE (57, 11).

B - #R 35 BERHE - AFEHEKRE . KRB REENSEREES R REE
TOHRIL. MifFREZEEC T, B 23 RRRERES SR (57. 11).

SH EANNE D BEEEN - EIER IR T 7 3 2 aerosol 12 v A D IgE FiEEM L
hapten-carrier F % F 28R4, B2 EERT VLF —2E FIL (57. 10).

BEEF N {2 FEEE - JREHAR : O, BRMEEO~ 7 AWMESCRIZTHE ],
IgM HifiEd I DT 3 23 BRREYE S, HiE (57. 11).

HER - BER ¥ Hal- = = - ZREEBAR D NO, 8805 v | RIMEKE ATPase
RIS R, B2 EAR[ITRTE, BIF (57. 11).

FURBZH E-EE FRERERS AR oBERC RITT ZBRLERDEE 523
MIAKEGRES, Bl (57. 11).

Kobayashi, T.: Effects of acute nitrogen dioxide exposure on prostacyclin (PGL,) synthesis
and content of cyclic nucleotides in the lung. Int. Symp. Biomed. Effects Ozone Relat.
Photochem, Oxidants. Pinehurst (57. 3).

1983 &

TIRAZEE » EIRHS @ /9T 2 — P iC & BB LB EIEEAR I DV T (1) L ETRAR
BRICIEERES, AR (58. 10).

THAEIE « P12« BB « AGEEEARER /85 a2 — b io & 2 IHSHEE & @R (LRSE R
2WT (1) . B 24 BIRKE§ES, AT (68. 11).

N TS H BARLEER - ABHERE AV BRI L AR BEOE ARSI O
o, £22 AEFERIZS, BIZE (58. 11).

ANFREERL « ZARDEARR I NO, REOMREN 7T RS 34 7 U Y BAORE. 24 BRG]
Za, AT (38. 11).

WEIE A o THHEEIE - ARHEARES  ZBEERLA VYV OREEEC L2 T v + OBRELIEE
AR ERiOBHRERTZOE 2V T, E U EARSYES, AT (8. 11).



WROHE L RY

=4k « LMTER - B BEFE— « AELEL . BT - PIARRIR o U - Rl

B - TR BTSN B 0 A EHBAREEE 3 F, JIRMK T U AL 2 HEER
(70 1) —. 824 EIRKERFS, TET (68, 11).

MY « AREEE - B 1 RS - BRFE - A | RSP B KT EE DR
EHE—E 48— F7EEREEYs, ATE (58. 10).

@k Bl ASERARBEOFERMIMEETES, BRELEZENIE» S, 24 IRKGRE
£, MAT (68, 11).

SR W R ME— o BEEREN AAEAN I NO, B U0 OR—H 2 wIRESRENBT v b
OIFREEE BT THEHUBBOBEIC DL T, E 2 BIARERES, WHT (58. 11).
EHEE T M CMEERBBCLETy MFI 2oy — 4 Cyt P40 DZEY. 5 56 @H

REfbFs, BE (58 10)

EEEC .= SA.RTEss-ER ¥ UREEREB I NO, & O, ZRICL S 7 v FE&EER
BEFEEREAOLH 1. NO, L O, BHMBROVE EUEDAKE RS, HAT™ (58,
11).

B O 8K N - BEMRFERS - AIREERED - KRG R 2 E RS 3T R
ToE5EIL NO, BB & 2 I 2EBORMBEREGEC W T F 2 EXRKAERFES, M
T3 (58, 11).

WELEF /NE (TR EIEE RHBAR - O, BHBiC L5 <7 A IgM JUEEMOME. 5 24
BARERSF e, WA (58, 11).

ZE A-BEEC-FHURS-EE R AREHEAKRINO, L0, BREC LT v P BEER
BEETEERARSOEHI. NO, L 0. EARBEONE FURKRIFRFS, WET (38,
11).

BUEg e S e ZRABAR WO AL F—RB RIFT TEEEROPE. EUEX
RS, MAT (58. 11).

RIS - KEHE RO D 2 B0 AL R RIRT ZRIEEROER. B
56 B A A EbFE RS, @A (58, 10).

Fujimaki, T. Imai, M. Ozawa and N, Watanabe : The effect of acute exposure to nitrogen
dioxide on the IgE antibody production in mice. 5th Int. Congr. Immunol. Kyoto (58. 8).

Ozawa, M., T. Imai, Y. Honda, N. Watanabe, H. Fujimaki and K. Kubota: The effect of

exposure to ozone on the IgE antibody production in mice. 5th Int. Congr. Immunol., Kyoto
(58. 11).

1984 &
AR BT S -EEIE . REFEMEREC X 2ERE, IEO SRS T vV VAR

— 35 —




Ft RIEZ

DELE ZOMAMUCRZTRE HARREES MFEREY 3 F—, K (59. 1),

WA - Zf B 5y MRIROZ - FARL P T Y ABLY /LTI VRAKRT Y27
AFADT 5% ¥ BOBMDAL L RARY-¥ A, CEEEREN. 526 BN AR ELY
e, $8 (69. 7).

TIHAHG - BEE « =i 2 BIENRBIc L 2y F A oA REERELOEE. BT EE
A bELAS, #HE (59. 10),

AREERL D Ty R ORTE L UMEREO O RS FA 2 ) AR BLIETS VLV REORE. R
AIEEE 104 £, I (59. 3).

AETRTH « A LIEF « KIEHBERE | KSERWEDO 7 v bR > SERITE I 54458
~OEET. ZBEEFE F 25 EARERFES, £ (59, 1),

FIHBEE - BEE - = & JEHEBEAE  CRESERBC L2y Mo v F 4
ARARRECRIZTRE B 25 DRABRES, F5F (59. 11).

ARBESL D TERLERS S v MO S Xy 7S v Y ARERCRIZT RS B5TRIEA
HEfpFEaRe, HE (59. 10).

(PSS « JAREERER D NO, BBOBRE VBB 7225 77 > v AR Rz TRE
B 25 FIRRERES, FE5E (59, 11).

BRBEZ = = AREEARR AV EANREC L7 v MBS S URBOBMRES
RRoy DEE). 8 25 BIRAHERES, T4 (69. 10).

B f—-sK B - AREERE - AKERME S SE KT 3 BEC T 2RI
7w MARIBZ S OFER - BEARB N T 2051 25 BARERYS, T8 (59,
1.

B t—- ok B34k 9 AREBKE  KEEREOERSECRE T 2 TR EEEN
Bree 1. O BB L 2EUKITEIROEN. 525 BARHRFES, F35 (59. 11).

NE AT EEFR - SH O E-ALFER - EIER AV URBC L 5w R IgE HilkEED
M. EMERET LAF %L HE (659, 10).

BEE - NE - BINER N LEEE - RAFKREL D NO, £ O, DEARBEO MEINEC K
TR 520 RIRRHERES, 73 (59. 11).

FEET - AIRHEERER - ETHEEE | o7 0V AHE L % IgE PiAES OFES. B 14 BHAK
Besde, KR (59, 12).

=i 8 CREEROLRBBOMS I kB E6. 82 EEEHE LKV A B (9,
11),

{ESF il — » N L IEFE - THRIGHA « INSEE « IHDHREE SO, BT ALy MIki? 2 ERER Y
SRS LR SO, BET V7 3 YIRAKER. 557 AIRFREEEEFES, AR (59. 6).

Frig - = 2« AREEAR MR~ 07 7Y 2 BIESEHOBE B 250K

— 36 —



- W e W W

FiaRoBEE L IRE

SUBRFES, FI (59. 11).
Kobavyashi, T.: Effect of air pollutants on the content of metabolites of arachidonic acid in

lung lavage. Kyoto Conf. Prostaglandins, Kyoto (59. 3).

1985 %

HERTH « FAHE - /R 8- NEEZ - ZEOEAR : KEEFRHEO S v bFRBmY
PSERIN R A MATIRA Q. A />, B 5 BRAREZE SRS, fEE (60, 4).

BERR B | BEMLARE & ARISH, POBREREIEE E Ry v KXYy AL B39 EAA KR AT
S5, HE (60. 4).

AEET AR - FRIR s - B =5 2 MoSRBhRcntT 2 Bk R T
*VDER. B RBEREFESRS, (IE (60. 9).

Funs BRE_-CHEE-Zf# = fildvrory YT 2 ZREERR AV
DR H 58 BHALLFRERE, & (60. 9).

MRS LR - S v PIIlRESERO Y KX S Y RRBY LA V2. HE53ER
FEFEERE, E (60.9).

FREESL « AREEREL D A VBB 7 v MRREEETO Y X v 5 P - ERRBIBEC R
TR E 6 ERRERES, B (60. 11).

THRIEE - IR - J(RHERES D NO,+ 0, DIRE A ARE I £ 5 BR{LIEE L O =
WCDWT, B 26 RIRKERES, I (60. 11).

P i « A RIEZE « AREBARRR | KGHEME O Z v FREILY >/ BRI L oHE 205
~NOEHIL NO, & O, DfESE. 526 EAKERER, B (60. 11).

RSB RO R FIHE R = E - AREERER - R UTFBOEYRERICNT 5 NO,
DR 826 BIREERFS, R (60, 11).

FHFRE v ms« = 5 ARASAN . v AORERCRIZT4 VYV OBE F260E
REAFBELES, B (60. 11).

B s e =i o EEBRE v o7 -Vt 34V OBE E26EARE
dEer B (60. 11).

Mg 5L - RABEE] - PEBE= - LTI - KUM= - AREEKRE - NO,+O,EHEBED T v
P RETER L #EBMOETER. ¥ 26 MAKERES, B (60. 11).

A WA TX - BREFME - B4 A - ARAFRIR I NO,+0; BHRROZ v MicRIZT
R 2. ERBIORE LR 26 MAKERES, HE (60 11).

R BB - WEAL FEREAE D NO,+0, BHBEZED 7 v P RETRE 3 Lk
HASEDE. & 26 MAKERFES, HHE (60. 11).

F_EIEZ - K TTHM = « TR » ZIREHBERER I NO,+0; RIHSBO S v MCRIZTEE 4. JNH




HLE2

FReFERE(L. 5 26 MALRERFES, BER (60. 1)

BRIRFI - AR - AR EAES I NO, +0, REARBO 7 v MR BE 5 BEbiEE &
N LHER O, 526 ARTERES, B (60. 11).

TS « ERAE S - R EARRL I NO,+ O, REIZZED 7 v P RiFTEE 6. 27 -7
WBEER-F O, 8 26 RIARAERSE, B (60, 11).

1986 4
BREAE  BREREC B0 2 EMEEL L ToER{EEE > T. Ei6 BIHFAFHE YRS
(ERIERE) . W (6L 3)

TR ISR - B R B LTEE I NO, 0, DE—BFB L3y P EErT v bOf
ORI E AR & B L R R OZL. B 2T BRSERES, 7 (6L 11).

WG T - KTH= 1 LIFEE  NO,+0; RHIZBEO T v M RIZTEH IO BEBEH—
£ 27T BIRKERFE, T (61, 11).

WHEE  ZBEERERA YV CRERT v MOy F4 Y OSRIEBBEHICRE TR
8 OERE TRERY] B 1ERERY Y Ry T A, B (61 11),

FEHE - FUng - SBEZ -8 S EZR7 v P cRETIBEEFEOEE (V) o
SNy FF RBOE—. B 2T BRAELRES, 58 (61. 11).

AVRRERL « FELREL - B EAET - BN B4V VBB L2y ABERNEORE
B RIFTEE )y NK#lgh s il s 07 > - OHBERELE #46REREFS
fee, TLER (61. 10).

AHRRERA. IAR—H © B L OO AR (CERR{EEHR, 4V ) BEREROT 7P VR
B A — FICRIETHIR L QB OREREE L T, ERETRERISE 8 1 RIBERY Y K
¥ 4, BHE (6. 11).

NKEEEA « H LB ¢ W% - NEIEE | AV U BESBENES L UHET s 97 7 — Y OM
KHEEEI R+ . 27 MASBYRES, BE 61 11).

H EBELLOR MEEEL  fiR~ 2 07 7 — YBT3 RifgRENEOEE. F 16
Ol es, B (5. 12).

BT - Sl - o LIEFE D KGQERWEO 7 v bR Y o BRI R ESHERT IR A D
V. NO, & 0, DX AERR. F 2T EARKHERES, 58 (61.11),

Sk 9. EHEE - R M- WK B FEWG  ARERYE oS mEE T 5 e
HEHRR 3. O, RIESB K L 2PKTHROEL. 827 BAKERES, =8 (61. 11).

Ak BB fE—@k B FEEE NO,+0, BHERES 5 » M RITTIHED Y 255t
ez L. &8 27 ARG RFES, T (61, 11).

Buyag.-=f S ko7 —Y0RBEESCRETAV oRE E59 0aAE(t

3§ —



Foeo Bt - RY

FERE HE (6L 9).

EREZ =l 2 RRERSAARBCLIL Ty MIF 27 0—4 P-450 41 VEBEFROLEE). 5
59 mBPAL{FaRs, #AE (6l 9.

AR = IRy MCRETIRLEERORE (1) —WoD 7oy —ARFOE
k. 88 27 MREHERFES, 5 (61. 11).

S O BEET I ERT v MR CREEROEE () FREUVEEOI 72V A
o Er—. 827 MARERFS, WE (61. 11).

HYE - S B MY 0T - VRBIET AV ORE (1)~ R T 2 R
EROZE—. 82T IARRERES, =E (61. 11).

MUK - SBET - 2@ 8BNS AT 25K ESeR -2 0ELENT So—F
— NEE [BRERPE] 81 ERERT Y SR Y Y 4, HE (61, 11),

HAR—F « AAMRBRBL - dn vitro TOTF 7 4 33y —RIGHBIE B2 ELEy FREO —7
Frr—yyr7RIBBLUERSY & icntd 2 RICKE. BI6EBEAT VL F-—F2RE, HEB
(61. 10).

ARRERL ILAR—36 & invivo TDT F7 4 7 F ¥ —FUGHIR K B3 2 KB QS EEME T
LEEMBE LV =T P -y 7RIS B EHET L ALF 2208, KB (6. 10).
Kobayashi, T., T. Inoue, K. Yamane, S. Habu, K. Okumura : Damage of cytotoxicity of
spleen cells and enhancement of pulmonary metastasis of murine fibrosarcoma NR-FS by

ozone exposure, 1V Int, Congr. Toxicol, Tekyo (61. 7).

Sagai, M., K. Arakawa, T. Ichinose : Comparison of lipid peroxides and phospholipids in

lungs of four species of animals exposed to combined gases of nitrogen dioxide and ozone,

IV Int. Congr. Toxicol, Tokyo (61.7).

1987 &

HAERTH D 7y FARMIY o ROMEBMELRC L 2 SCE Sk L R LE. BEXRRETE
BB 16 BIRS:, A, (62 10).

FUIRa =l B2l o7 YR TERELD V VRUVCEREERORIESSESE
ORE (1D . 5328 BKRGRTY S, =Y (62, 10).

Fixg =il HIfE~vsu7 s —-YRRETA Vo8 (V) —#hick 2 REEE
DFFOMEE—. # 28 OAAHBRY S, 5 (62 10).

FPHE= =W -8 A EBHZY DCRETAVCOEE (1) —HEER Ht#FD
ZACRTECH S v + OFAFR— %28 RKAHERES, 1 (62.10)

ERAET-ZH H BRIy bERFTAYVIORE (D) —Hz ooy - LsRF0EL— B
28 ARG RF 2, BIK (62. 10)

— 39 —




FILIESE

=F H-RBEZEHT Y beRETAYVCORE (D) BRI oY - ARSOEL—
28 ARG, WA (62. 10).

=l REBBRI-US S EER ¥ REHEMEOLEREOIRC L 2B Y[R
HEEF] BERCEY w7 4 1087, HET (62 11).

& 1§ - O0P. Mathew + G. Sant’Ambrogio : 7 4% LMEEEMEPIE I B i 2 ROMEEEI O
. e EOAREHET S TIE (62.4).

FEHE - BBRZ - =il 5! CBLERLA YV OESREBCLE Ty Mooy F A4 v
BRARBRERE VIV S 4 v BIFTRE. BB ERSERES, TR (62 10).

FRET - mHE - AR BT ARBIC L3 7 v MITEEEY Y 2L BOREL F60
EAFELFE, SR (62, 10).

HERRAERE « TIHEEE I NO, & O,0ESRB W L 2MOBEIEE AR - U » I8E H# o HYH
Zicow T, B 11 RaFRERtEEES, AE2 62, 10)

GRS R « THREFEE « PG EED | M 7 0 VAVRABYIO 2 5 — & o A LR RERENE

Ao T, B 28 BAKIERES, H (62, 10).

i « ERHE I NQ, & O, 0BME L UVHEERBICL 2 7 v P L EAE y F OITOBERL
FRE AR L s R 02 . 8 1 ARG EIEEFS. AHE (62, 10).

IR —H - APREREL T 2T v P RETFRDOEEMRAME o VCE RS L VIGRRICE T
HZAEET 7 % ¥ vBREMOGE. £ITEEAT VLF —FSRE TR (62 10).

(AR - /EERA T E® o FPEETBBRICHNT 2R LAT LT FOUEEER & 2 0B
528 RIANAGRFE, FR (62. 10).

Tsubone, H., O.P, Mathew, G. Sant'Ambrogio: Role of epiglottis on the afferent activity of
the superior laryngeal nerve (SLN) in the rabbit. 37th Ann, Fall Meeting of Amer. Physiol.
Soc., New Orleans (61.10).

Sant’Ambrogio, F.B., G. Sant’Ambrogio, O.P. Mathew (Univ. Texas) and H. Tsubone : Effect
of hypercapnia and hypoxia on trachialis muscle and tracheal stretch receptors. 71th Ann.
Meeting of FASEB. Washington (62.4).

Sant’Ambrogio, F.B., H, Tsubone, O.P. Mathew, G. Sant’Ambrogio, G. Insalaco {Univ.
Texas): Laryngeal afferents in the external branch of the superior laryngeal (EX'T, SLN)
and the recurrent laryngeal (RLN) nerves. 38th Ann. Fall. Meet, of Amer. Physiol. Soc. San
Diego (62.10).




EraERRmgies#s $ 155 (R-115-'88)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No. 115, 1988.

-1
“RILERC TV OEERMSES T PIRIEITHEE 1
— 20 BRBORET v - OREFIEH —

Effects of Long-Term Exposure to Nitrogen Dioxide and Ozone on Rats |

——-—Results of Environment Control in the 2nd Experiment
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Abstract

The 2nd experiment concerned with biological effects of Nitorogen dioxide (NQ,)
and/or Ozone (Q;} was performed from May, 1985 to March, 1987 using male Wister rats.
This report showed the basic data of regulation and monitoring of NO, and/or O, gas
concentration, temperature and humidity on the chambers (C, G-1, 2, 3) throughout 22
months.

The experiment groups were divided into 1) Control (C), 2) O, : (.1ppm Max. (G-1),
3) NO, : 0.04ppm+0; : 0.1ppm Max. (G-2), and 4) NO, : 04ppm+0,: 0.1ppm Max. (G
-3) according to the lst experiment. And NO, was continuously exposed everyday, but O,
was averaged at 0.021ppm per day in accordance with sine curve from 0 to max. 0.1ppm.

Throughout all the experiment periods, the gas concentrations were ‘well controlled
against the setting values. And also, the temperature and humidity were maintained almost
25+ 1°C, and 55+ 10%, respectively. These results were sufficient with each setting levels.
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Table 1| Enviromental condition set in chambers
Concentration Temperature R.Humidity
Chamb

AT NO, (ppb) O (ppb) C) (%)

C Fresh air only 2512 355+10
G—1 Non 0 to 100* 25+2 55+10
G—2 40 0 to 100" 25%2 55+10
G—3 400 0 to 100" 2542 55+10
* Programcontrol as follows (1000pph = 1ppm)

Peak 100 ppb

Mean °° PPD —— 7

[(j—m ppb—*—ﬁ———————ﬁ
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Table 2 Environmental condition set in chambers

Chamber Concentration Temperature R.Humidity
NG, (ppb) O, (ppb) CC) (%)

C 16.4+11.6" 314150 2431006 58.1+60
G—1 9.114.9? 272450 245+0.8 604147
G—2 41.9+7.2 255+9.5 245407 55.9+5.7
G—3 401 +47 27.946.6 244406 56.9£6.0

Monitorling-period : 1)  85/9~86/4 (8 months) (M+8D)

2)  B5/6~8 and 86/6~8 (3 monthsx2)
and others : 85/5~87/3 (22 months)(1000ppb=Lppm)
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“HEEREA VYV ORERMBBS T FCRETRE I

— %2 AR RBROHKEBYORTFTER ———
Effects of Long-Term Exposure to Nitrogen Dioxide and Ozone on Rats II

Experimental Animals Supplied to the 2nd Experiment

FHES - FAEWEE - LR
E L = R
Yuzo ITO!, Shinji TAKAHASHI, Shouji YAMAMOTO!
Akira SHIMIZU! and Hiroshi TAKAHASHI

g B

KAFEMETH LAY > (0,) RUZEMEER (NO,) HERCRETTHEERHE
i, {SBED O, (X 0.lppm), O, (A 0.1ppm) +NO, (0.04ppm), O, (&
A O.lppm) +NQ, (Gdppm) RUSSHEERO 4B L L, v FBRAZZHAMBEL I,

FORE, BRLL-Sy FBALOI L BSERFESBVERE s, SHBICHET
BIENTER BYO2IEEIEEAEFTWCLLL, O, NO+O,0BEIL260T
W TEEREBS I JsTLEL oL, 2LEBMPChTIOERC DL TY,
0,, NO,+0, DEHE L FZ ond LI EbIBDohinoiz,

BEOHRLD, SEFRELL LI RERED O, NO,+0; ZEICHLTE, Zv bOD
EOA MR LHEYZ I bk n o EMNTFE s A, SEERCER T S
TEf,

Abstract

Male Wistar rats were exposed 10 Ozone (O;) and Nitrogen dioxide (NOy) at the
concentration of O, (0.1ppm max), O; (0.1ppm max) -+NO, (0.04ppm),0; (0.1ppm max) +
NO, (0.4ppm) for up to 22 months to clarify the biological effects of air pollutants.

The 355 rats out of 384 were supplied to planned experiments, and the residuai 29 rats
died of pituitary wmor and other reasons.

Throughout the experiment, there was no significant difference in the body weight of
rats between any of group exposed NO, and/or O, and control.

Therefore, it was suggested that exposure to NO, and/or O, at low concentration (O ;
0.1 ppm max, and NQ, ; 0.04 ppm ar 0.4 ppm) did not affect the life span of rats and their
body weight.

These rats were supplied to the following varions experiments.

L FEZAETGART BE#RE T05 FRR D <@/ NE16E2 _
Engineering Division, the National Institute for Envirenmental Studies, 16-2 Onogawa, Tsukuba, Ibaraki 305,
Japan.
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Table 1 Materials and methods

Exp. No.Animals Dete of Date of Arrival Date of Housing  Period of

Group (Sex) Birth at NIES (Age) in Chamber (Age) 0,, NO, Exposure
10mos
. 85321 , . 13mos
A 288 (&) 313 85.4.30 {6wk) 85.5.15 (8wk) 18mos
22mos
'86.5.8 , N 7mos
B 48 () Zs10 86.6.17 {6wk) 86.6.30 (8wk} Smas
C 48 (&) ’86101'(2)4 86,1111 (6wk) "86.11.27 {8wk) 4mos
D . 85321 . Rearing in the Barrier
{Cont.) 32 () T3y 85430 (6wk} ('B5.5.15—'87.5.8)
E . B53.21 . Rearing in the Barrier
(Exp. Food) 80 () T3y 8430 (6wK) ('85.5.15—"87.5.8)

# Same Lot of Jel : Wistar Rats
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19854 5 H15H 4519865 3 HI0A £ T
19854 5 H158 55 198648 6 H26R % T
19854E 5 A15H » 5 19864F11H28 £ T
19854E 5 R15E 5 1087FE 3 B260 2 T
(2) BEE (8 o HMEY AREL
19864 6 B30 51987 1 A2TH £ T
19865 6 H30HE» 519873 H1I3E £ T
(3) CBE (4 EMET ARBED
19865115 27H - 19874E 3 H26H £ T

300F 4
4078
559 H
681 H &

2120
257H[H

1205

F Exposuer

Chamber

1985 1986
5/15 6/30

| } I

Exp.
Group

1986 1987 1987
11/27 1727 3/27

T T ¥

Bweeks
G-l o
{0; 0.05ppm) ! ‘
10months

G-2
O U.OSppm)
NO;0.04ppm

G-3
O O.I.']Sppm)
NO;0.4ppm

C
TAir)

13months

— 1 1 T

18months

22months

Bweeks
I

}

Tmonths

=T

.

Emonths

8weeks

4months

—— Experimental period in Gas Chamber
------: Breeding period in SPF Room

» : Experimental Group were named “C” for Coatrol, “G-1" for O3 0.05ppm, “G-2" for O; 0.05ppm +NO; 0.04ppm and

“G-3" for O; 0.05ppm+NO; 0.4ppm

1
Fig. 1

Oy +NO, FARBI A LA TrY a—n
Time schedule of O34 NO, exposure
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Table 2 Changet of number of rats maintained in each chamber

8s 86 87

Exp. Cham- Dae $ 6 7 8 9 10 11 12 1 2 3 4 5 & 7 & § 10 11 12 1 2 3 4 50uin

Group ber (mos) @) (1) (20 13) () B (6) (7 (8) (9 aB 4D 42 4N 4& 0 09 00 49 49 o e @ e oo
C Total 72 ol 54 4y 40 39 69/72
A G-Il 288 72 &0 48 47— 3 3B-3-15 66/72
G-2 In 72 71— 5% 53 a6 37— 32-29 60/72
G-3 72 TNI——359 57 56 50 44 ——43 42 —— 41 35 H—3 64/72
C Toral 12 6 —6 12/12
B G-1 48 12 6—6 12/12
G-2 In 12 6—6 12/12
G-3 12 6—6 12/12
C Total 12 12 12/12
c G-l a8 12 12 12/12
G-2 In 12 12 12/12
5-3 12 12 12/12

Room Total
D Com 32 32— 3 3N 24 23 19-19 19/32
In

C Towal 20 19-18 1717 17/20
. G-1 0 20 19 -18—— 16 16/20
G-2 In 20 19——19 19/20
G-3 20 19 [8=17 =15 13/20
A+B-C Total 384 288 287 286 238 236 235 217 2M4 233 231 230 247 245 215 209 355/384
(52%)
D+E Total 12 12 1t 12 3N 110 10% 107 103 100 96 964112
(86%)
A-B-C-D-E 496 400 11 359 398 350 348 347 328 345 344 34l 340 356 352 318 309 Y6 4517496
Toial (91%)
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3.2 ERABEHMGORBRE (X)) COVTHER

SO k> BB ARBEERITELTH, BHHE (L5 OBHRACERANEBEOERD
ATBEAERAROLOEEL bhd, 22T, SEOERETLEMECIET (S8 LA
Dt E VT, BEORHAL R BLFR) #E 3R, ABTIE, AL 288 FEr 29
A EBREAT M O®HTIE (B8 L, CAld, ABORBIH 88 Tt LTED 2
& 10.1% THotze ZONKELT, C4EFEE (F1FEELE) -G-1: 6 LT (1K
LR - G20 12 IBHE (W 1K E48) - G-3; 3TL3ET (N 1ELAY) Thoto B-CETR,
FEEFEFHR D OB T L EEREETH o2 DEETH, A LT 3300 6 Ut HERH
DB TIES (L8 Lz, Thid, DEOXEBIEH BTN L T 28813 18.1%TH -
feo E7:, BT (LR OEENZ, ATFCREMAE 1 0H 2 T 20 FCOTECHT 6 Ty

#* 3 A-D-EFTOERBHIILCHOES
Table 3 Number of the dead rais in each experimental group through
experimental periods

Experimental Period {Age; month)

Exp. 0 1 2 3 4 5 & 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 1 3 M4 Total
Group (2) (3} (4) (5) (&) () (8) (9) (10)(L1) (12} (13) (14) {35) (16) {17 (18) (19) (20 (21) (21} (23) (24) (25} (26) (e ¥y })
c o] N J 301,02
(A G-1 e} ol X I N ) 6 (2,0 4)
0,+NO, C 7Y
Gas G-2 . * » e33%e 2 (LY
Exp- 1]
sure G-3 * o9 A o 00 O 8 (L6
(D) o0
Room Cont bl L [ 7Y § 0213
(E) c ® a O ® 4 (L2
Expo- |
sure G-1 ® O [ 1] 4 (1,0, 9
diel
G-2 & I ¢0,0 1)
G-3 [ ] ® O *9 5 {L04
Tatai A c 01 0 0 0 0 1V 0 0O 2 1 0 1 O 1 2 1 1 2 6 T3 29 (5321
D 03 0 0 0 ¢ 0 0 0 0 0 O 0O 0 0 ¢ 0 0 i 0 0 4 € O 0 6 (2,13
E 00 0 0 0 0 O 0 0 0 0O O 0 G 0O ¢ I © 0 2 4 2 2 2 1 14 (3110
All Total 0 1 L @ 0 0 0D 1 0 0 2z 1 0O 1 0 [ 3 1 2 4 1013 5 2 1 49 (10.53)

Q' Sacrificed for Weakness, A ; Spontanecus Tumor, @, Other Reason.
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= 4 HABFEE (ABCH) Lia—szyru—n§ (DE) TOEBRATHESOESEEOHS (C, G-, 2, 37+~
sN—kjb—Aar Fa—i)

Table 1 Changea of the body weight of male Wistar rat maintained the chamber (C, G-1, 2, 3} for 4, 8 and 22 months, and Room
Control for 22-months Experiment

Experimental Date (Age: month)

85 86 87

Cham- Exp. /15 6/14 /15 &/1S 9413 10715 11/15 12/16 /14 214 3/14 0 4f15 5015 6/ls 7415 8715 9716 1015 11714 12/16 1/14 2/16 3/11 0 4/15

ber Greup  (2) [E}] 4) (5} (6) 5 (8) 9 a0 a1y 03 {4 s aey 07 (18 (% 30y (2 (22) (23 (24)  (25)

206 297 M5 316 384 396 419 419 424 428 445 452 450 463 459 466 460 475 475 473 468 468 471
A + 1l + 17 +23 +£23 +£2 +27 +23 x2% £30 £33 3 £33 x4 3 £ N +3 £ £33 £ 36 x3 £

(72) (60 (54)  (48) (40} (39)

279 349 365 399 407 4l 421 427 4R

C B + 10 +22 £23 £25 £25 +30 33 28 +29
(12) {6) (6)

270 M8 350 361

o + 10 +20 *22 27

(2} ————— (2)

205 302 343 367 396 195 413 420 428 434 437 44z 447 452 451 459 467 468 368 469 a60 456 458
A + 12 + 16 =323 +26 +22 +£27 +26 26 *26 2 x£25 +£2 27 +£27 +29 =30 29 28 + 28 +3M +36 48 + 45

G (72) (60 (48) 4N 09 (8 (7 (35
273 M7 367 385 @07 412 418 423 427

J B £ 17 £26 +25 +2 +28 +25 25 22 %2
(2) (6} (6)

1 264 325 354 374
c + 10 + 14 £ 17 £ 19

02 ——— 2

06 299 350 333 36 401 408 415 435 428 437 443 444 450 459 462 454 461 466 461 462 447 46)

A + 11 19 + 21 +£24 24 £26 25 +£25 +26 + 28 £26 +27 +£29 +£35 29 F3I0 £33 £33 W £ 6 47T 4

G (72) (7 (59 153 (46 (37 32y (9
64 333 351 378 388 403 41z 417 410

B + 17 £18 16 +20 +25 421 +23 +26 %19

. az) (6) 6
2 66 332 B% 368
C + 14 £ 17 £25 =25

(12) — {12)

207 297 349 377 98 405 419 417 426 438 442 447 443 46! 454 460 460 451 476 470 a7l 477 474
A + 13 20 127 +3 +30 +£28 £129 30 M +33 +£39 +56 x40 =35 36 40 430 44 37 £ 35 £ 37 £ 47 + 46

G (72) 71 (59) (57 (36)  (50) (44) (43) (42) (an {35) (34) {34)

268 37 355 310 391 407 4l6 441 4

B 17 £ 18 +£16 +21 +125 £2 23 2 =19

(12) (6} (6)

3 64 317 384 357

C 10 £ 9 12 19

Uy — 3
Room 210 307 345 370 392 408 419 429 440 44l 448 460 461 470 476 479 473 486 500 49 496 484 499 497
Cont. D 12 15 18 £19 +21 £22 +£23 £24 +26 +26 +£26 *25 £330 x£25 =29 26 24 28 +28 £330 +33 6 37 +35
32) (31 {3 (24) (23 as  as

| : Mean & 5. D (N): Body Weight (gram)
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Fig. 3 (1) Changes of the body weight of male wistar rats

in experiment A
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Fig. 3(2) Changes of the body weight of male Wistar ratar rats

in experiment B + C
# . Mean£SD: Body Weight (g)



2)

3)
4)
5)
6)

N
8)

HERMZE HRBYOFRTES

51 B X &

EAEPIREI(1979)  KSBELMEOE—B L CHSBROERI T 5 2T 2 ERWH
. WEH S2/S3 RS, EAIAETWERMRmE. B85, 23p.

B AL - LTI RN - BESEE) - FREKO8Y) | KAERUEOM—RUESERO
T A R BT 5 EERIWIS. PR 54 EEEES. BN A EWEIMRSRS, 8158,
159-169.

EiE Ah- BABHAR - IUTERET « (RS =(1981) . ARERMEOH—8 X CEEHIEO &k
BT 5 FROR. BRI ARITRFRSY, 2405, 181-193

B AL HE—ER- A - FEETHEEIED977): B ABERERBAESY X 28
F o 2= OHiE LR DL T BAEYEERNEE S 15 MALMEESE, 35-36.
A B L FERE - ABGRR(1980): 2RBRBERF RS —EAESHRREE
EXFBETAMI R, SRR v — HAREE, 364-393.

SEEAEEE(1979) . RRBMOFTEEH EFH. V7 F ¥4 = 3k, 252-257.
FHEBZAFE1980): 7 v FRESE 7 —+ > 7 7 A — 784E. Exp. Anim., 29 (2), 181-23.

A B REE - FHES - ILTEC - EEET0988): SRESERL T Yy L OESEEEED
Fy b CRETEE— L HEERORES v > OB EASTRSHARS m
1142, 1-7

s |




U ARHAFFRES 1155 (R-115-88)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No. 115, 19%8.
II-3
THERE AV OBARMBEY Ty VCRIEITRE I
— REREFEHRR —
Effects of Long-Term Exposure to Nitrogen Dioxide and Ozone on Rats [Ii
—— Morphological Observation ——

K EIES « FERIEF - KT
Masataka MURAKAMI!, Akiko KAWAGOE! and Junzo YONEMOTO!

B

Wistar FHE S & +iZ, 0.05ppm O, (G1 #%), 0.04ppm NO,+0.05ppm O,{G2 &), 0.4ppm
| NO, +0.05ppm O, (G3B) OBIET, 2, 4, 9, 18, 2 »HEEREEL, HOKERESR
| BETo0, MEHREOLED T, G3IBTIPAZI CHEEASELRS s N2>
“ 7ets, 8 pALBTRHREX LESEALEEERLZ s, HREX LEORIG
MR ERLTHAIEHEDSONL. CRETOWRICL 2 =, NO, 18 » HEMBR T
MAEE EERBVEICER T e Y52 »5 005ppm O, 88 Ih 3 Z kit k- T,
RIEORBHENED SN L ELLNS, .

Linl, GI~G3 FRTOBEHTE, 2B TORBHBOERACEWT, BIED
dppm NO, I M ARBTAH LN LD o EHNINRE WD 2 L TaERmat,

Abstract

Lungs of Wistar male rats were exposed continuously to 0.05ppm Q; (G1), 0.04ppm
J NGO, +0.05ppm O, (G2) and 0.4ppm NO, +0.05ppm O, (G3) for 2, 4. 9, 18 and 22 months
, and were submitted to microscopic observation.

. The lungs of rats exposed to the 0.4ppm NO, +0.05ppm O, for 18 months showed the
enlargement and the proliferation of the broachiolar epithelial cells, which indicates the
elevated responses of epithelial cells, although they showed no morphological alteration at
earlier time before 9 months. Addition of 0.05 ppm O; to 0.04ppm NO, promoted the much
carlier occurence of the epithelial enlargement and proliferation, compared to the NO, alone
! expasure.

\ In contrast to the exposure to 4 ppm NO, for 9 months, no definite and typical
morphological alterations of the lung which was observed throughout the whole exposure
period as long as 22 months even at the 0.4ppm NO, +0.05ppm O, so far as light microscopic
observation.

. 1. EFAEWGEE HEASE T 305 FE-D S TMAERI 16 %2
. Basic Medical Sciences Division, the National Institute for Environmental Studies. 1¢6-2 Onogawa, Tsukuba,
Ibaraki 305, Japan.
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Table 1 Time course changes in the number of rats showed the defined
morphological alterations in the lung after exposure to
combined gases of NO, and O,
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Table 2 Comparison of the morphological observation in the rat lung
batween NO, exposure and NO, +0O, exposure in combination
for life span.
The number of rats showed the increased response of epithelial cells
(enlargement and proliferation) in the proximal region of the alveolar
ducts and the diseal bronchili adjacent to them.
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Fig. 1

22M-G3

IR LAFFAREL LR
IR ERBEAR (RS X 200)

G3 22M Middle size bronchial
epithelium : Extensive hypertrophy
(original mag. X 200}

HERMRR FEBEERR

22M-cont.

2 W2 HARREEX L (R
B3 X 200)

Fig. 2 Control 22M Middle size bronchial
epithelium (original mag. X 200)

\ 22M-cont. |

3 GIH2AMEREY  LEIRA 4 HEEE 22 H AMEE X (RFEX
EEERO R (5 X 100) 100)

Fig. 3 G3 22M Bronchiole Hypertrophy Fig. 4 Control 22M Bronchiole (original
and slight proliferation of the mag. X 100)

epithelium (original mag. x 100)

FERY MR HRER
Gl # 0, 0.05ppm
G2 1 0, 0.05ppm-+NO, 0.04ppm
G3 B O, 0.05ppm +NQ, 0-4ppm
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5 G3EE22 4 ARMSOE | RMAE
X EROBEDREA & HE, HE
HEER (R5E<100)

Fig. 5 3 22M Terminal airway : Hyper-
trophy, proliferation and
bronchiolization (original mag. X
100)

T P !
4 QR o

22MG3

~Tg,

6 W22 5 ARNSRE (REEX
507

Fig. 6 Control 22M Terminal airway
(original mag. X 50)

18M-G3

7 GIE18AhFERAEX LK
BEOEEIEA (FE¥EX200)
Fig. 7 G3 18M Middle size bronchial

epithelium ; Slight hypertrophy
{original mag. x 200)

18M-cont.

8 MNERE I8 ARER[EILE
(B3 %200}
Fig. 8 Control 18M Middle size bronchial
epithelium (original mag. X 200)
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.. 18M~cont. fl

9 GIBISHANMESE  BED 10 RIS HEMSEY (HEExX

BEANEE (RS X 100) 100)

Fig. 9 G3 18M Bronchiole : Slight hyper- Fig. 10 Control 18M Bronchiole (original
trophy and proliferation (original mag. X 100)
mag. X 100)

AbLT .
AT T T
} .-};t;‘? - fq

18M-cont. %

I GIER2ARHERE BEOL 12 WfERE 18 » ARMRIE (REEX

BRER b4, MREMER (RE 50)
X 50) Fig. 12 Control 18M Terminal airway
Fig. 11 G3 18M Terminal airway: Slight (original mag. X 50)

hypertrophy and proliferation,
bronchiolization (original mag. X
50)
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2M-G3 2M-cont.
13 GIff2rAREREEX LE: 14 WEH2HPEFERIERLE
BRIREmE2RD T (EE (53 X200
2% 200) Fig. 14 Control 2M Middle size bronchial
Fig. 13 G3 2ZM Middle size bronchial epthelium (original mag. < 200)

epithelium: No remarkable altera-
tion (original mag. X 200)

15 G3IfF2»AMMEER  FLT 16 XHREE 2 o HHISE R (REEX
SHRE2ED T (REEX100) 100)

Fig. 15 G3 2M Bronchiole: No remark- Fig. 16 Control 2M Bronchiole (original
able alteration (original mag. x mag. X 100)
100)
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17 G322 ARMEE LT~ 18 offEdE 2 M ARMSE (FfFEX
EFFRERD T (RIEEXS50) 50)
Fig. 17 G3 2M Terminal airway: No Fig. 18 Control 2M Terminal airway
remarkable alteration (original {original mag. X 50)
mag. X 50)
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Effects of Long-Term Exposure to Nitrogen Dioxide and Qzone on Rats [V

—— Electronmicroscopic Morphometry

KITH= - T 7 - A ETEE
Junzo YONEMOTO!, Akiko KAWAGOE! and Masataka MURAK AMI!

E B

NO,+O, HEA ADIEI L ~A~OBE LR T 5 BT, Wistar B Z » b iZ 0.05
ppm Oy Bl F 7203 0.04 ppm H B i3 0.4 ppm NO, 2 7-BEHF 2 % 2, 4, 9, 18, 22
S AMBRL, KAMOMEOEl +BEREIOFE L Av CESTE£1T- 72,

B FMidsERiE 4 2 ARER THEL NGRS s hiz, 22 0 B TiRB3E i L
RIS A NI BRI EE T o, T BEVIAORE L EC 3REiC &
HYMRIGH 2 2R, 4 bR B THEL o NI FFREBEC G 2 35—+ »08E
W4, 9, 2250 F THREICHESSED s 01, 22 » A T8 B0 B8 L 2 REL
OHEFTHRW S Nz,

EFREHAIC L 2 MREOF LIS TH—N BRI EHTH - o0, ¥
LBERGELAER, 2Bl s Rl Bl 286 E, L orDiicsy
AELELTHAGhENE LD EE L N,

Eiz, AIDONO, RSB EBROER - OLE» o I v~ T 0.05 ppm O, iE
NO, DFELHb TWL2 LT A n s ashi,

Abstract

An electronmicroscopic morphometry was performed on the lungs of male rats exposed
to 0.05 ppm Oy alone or mixture of 0.05 ppm Q, and 0.04 or 0.4 ppm NOQ, for 2, 4,9, 18 and
22 months to examin the effects of NO, and/or O, on peripheral alveoli.

Arithmetic mean thickness (AMT) of alveolar wall was significantly increased in
exposure groups at 4 months, A trend of dose-dependent increase of AMT was observed at
22 months, but it was not statistically significant. The initial responses of type 1 and type
I1 epithelial cells to oxidative gases such as NO, and O, were gbserved at 2 and 4 months.
The ratio of collagen o non-cellular interstitium was significantly different among groups
at 4, 9 and 22 months. The increased ratio observed in groups exposed to mixture gas at 22

I EXAEFRr REAEE T 305 IR TSR 6% 2
Basic Medical Sciences Division, the National Institute for Environmental Studies. 16-2 Onogawa, Tsukuba,
Ibaraki 305, Japan.
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months was interpreted as fibrotic change caused by gas exposure and aging.

The changes detected in alveolar wall tissue by electronmicroscopic morphometry did
not always show a dose-dependent trend. It rather seemed to indicate a multiphasic reaction
patiern.

Comparing the present results with those obtained from the previous experiment of
long-term exposure to NO, alone, 0.05 ppm O, did not show a potentiation of the effects
caused by NG, alone.

1 @iwic
fE ORI, FIRBOMEEOM B A FRNCTET 2 L EEHLV AL TR
B, BEPEHAOCFESEHEE L NS, HIERO NO, 0.0dppm &5 4ppm D7y b~
D27 ME F TORBEE B LT, FMOMIEOBEEEAIC LD, 18 »ALIEOMigE D
NEEAE ), FRTRE AR (LR 23 & iz

4E,NO, 12 0.05ppm Oy £ME Bz k > TT vy b0 20 ETOBELRTY, FBOD
ffpeE oL+ BEPEHAOFEL B AL, MEECE L ERMCTEMETI &
LHI, HEVLTOBEEMI CERENE L, 3561, IR0 NO, ORBREOCRKR L
H#T22LicED, 0.05ppmO, 3 NO, OFE L X0 L 5 BT 20 2MITL 2,
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BE2, 4,9 18, 20HEBEREHLY 6 LI DMIEACHRE LERIHL L,

BHEET  EMAEMRFEHENORBEF v+ i —CBWITRBRTo 7. BHEEMFEDN
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TR TEEE CORMRBE L L, EEERCBEZELT L5702 00 5T, €7
BE0.1ppm, FHBEE 0.05ppm ThHhb, G2HEERENICLIHD O, ¥ AREFMEIC0.04
ppm NO, ZHZ 72, NO, i 24 KRB CRBER—ETH S, GI#H HEEBEH G1#HD O,
HARBEEMET 0.4ppm NO, 2MA 72, F v+ 23— HOBEIL 25°C, AR 5% icHIEL 72,
ZBRRGOFHIC OV TRIAREENI BHO Z &,

BEALMER & 07y -V EENES (50 mg/kg (AE) C X 2B T CTREAEL S
F—=FREA L, HARHIRTIM I L DRl %235, RE» T -7 55 20cmARET
HISEER (1% 7Ly —FL7FEe R, 1a%FLVATLTER 2 0.1M # 2 U EEBEE
pH7.4) AL, MOBEEEE %2175z, BILREE L 22O b RE L DAER T % &
n, ML, BECLY—FEFcoEH 7oy s ORERE 2 ER L 2,

EEMEANEHEE Y ORI U EER L T Ak —D0 7oy 7 2HYI U,
IFix Veco grid square mesh (200 mesh) oD, $- v 2 - 2EBEROAHL, BEABETFCX -
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100 BUERBHEA L, fER 2000 ETA vy 20— EWARE L Bohi 74 L A% 3B
IV kL, ZOF Y b % multipurpose test system®? WETSLF AP VAT A (BA ¥ M
288, 74 ORs 2umiBE) XD IREAERRSOFDIRUVEMSE, BATOMRER S
AL 72, —HF 10 MO B E % 4 - T — 20 Representative sample® & L, 10 OHIEESS
At ST A—F —RBEH L,
SUEMER I E S N EAF AT S E T E HITAC M-280H ¥ R 7 A2 &k ) BMDP 7o 25 4
Ry r =P ERWTITo 7, MEDEROEE I IXSEST (ANOVA) %, Bfo ik id
Duncan ¢ Multiple Range Test # Mt 7z,

I AR
R D 18, IR ERO%EL, 2) BEifFaiiaeEozl, 3) FErg oz,
%q]j[)c‘:i'?_ﬁf\‘zao

3.1 18, IR¥mREROEL

I BER RO FHEER BRENE, 2EE&Mtchdbbsf, 312, —FEDKETH 0% EHERT
Hofzr WL1A), [18MELEOME—ELLYDOFRE40FICB T, REFETOHEIZHES
BAELZRY, 90FAD G2HTAREENUSED shl: (R1B). &7, 18 »E CIXEHME T
EE A& ST, O 4hHC BT 3L REREON, 070 G28: BHFORE
B B2 BMERROBRY BFS L Tz,

(A EP 1 {8 EP 1 Yolume/tel)

{points)

100

50

*p & 005, **pg 0.01 by ANOVA

Values are significantly different from
each other have the same "letter by Duncan's
multiple range test (p < 0.01).

1 1 RIAfRS R

Fig. | Type [ epithelial cell
() Volume density of type 1 epithelial cell
(8) Type [ epithelial cell volume
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NERFREEOFBREZ 20ERBVLT, G, G2HTHECEAEFEoMnED shiz,
4B BHL GlLEDWN, 182HicB 5 GLEBOBLHETD, wInbHHMCTAERE
kv (K2A), TR EROME--EY: D OFER 2 2ACBWIEBRBE CKELL
SrrEiisEssn?(E2B), oM GLE, G2HTEEZOHMS, GIFTIEM
FBOBInHE L Tk,

I ZUAERE bR, T1BURTRE LR oMot 2 3 R, 2408, 928, 188 REBRER

LA EP I (8) EP II Volume/Cell
{points)
30
20
% 10
M

¢, @
*p < 0.05 *xpgo0.01 by ANDVA

=1 61, £ 62, 55 63

Values are significantly different from
each other have the same letter by Duncan's
multiple range test { p < 0.01).

2 1Yk b 52
Fig. 2 Type II epithelial cetl

(A} Volume density of type I epithelial cell
(B) Type II epithelial cell volume

EP II/EP I

3 o2 M
LI |
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418 M

1 ® 22N

* p ¢ 0.05 by ANOVA
3 OITE/ 1 RUERSL
Fig. 3 Ratio of Type IT/Type I

() 2months, {l) 4 months, (1) 9 months, (&) I8 months, (@) 22
months
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HNUTRBREE#S Y - 2R, G2HTOLEMHE IS, COG2HTO I B [HOE
oo FHER, 203 TR IR0 - IIHoEN, 9B T TROMY, 182E T IR
OWIN L2460 THot, GIFHO BHATOLRRIBOMMICE 240 TE -7,

3.2 HiRFEHmEacEE
HMTMaEEOMRERL, M4, BRI 4PFRBLITRBHONBIE~EELEE
OISRy & iz, 22 A BT b RRIBE KT U LIIER L A & 1 2 S H
BTz, e MEEORBEEN LIS » TR,

S I O,+NO, REIZEE B 2 M ELyhinse R
Table 1 Arithmetic mean thickness of alveolar wall under long-term
exposure to O, +NQ,

GROUP. M 4 M ¢ M 18 M 22M
*
C 1.25+0.09" 111045 1.24+0.10 1.44+0.07 1.26£0.04
G 1.30£0.05 1.36%0.11 1.29+0.05 1.2440.10 1.31£0.08
G2 1271007 1.4610.06 1.20+0.06 1.52:4£0.12 1.36:+0.08
G 3 £.32x0.01 1.42£0.06 1.33£0.04 1.31£0.10 1472009

a Mean £ 5 E.
* Treatment is significant at p < 0.05 by ANQOVA.

18 M 22 M

* p ¢ 0,05 by ANOVA

Values are significantly different from
each other have the same letter by Duncan's
multiple range test (p < 0.01).

X 4 HHTEYAhsEE

Fig. 4 Arithmetic mean thickness of alveolar wall
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BERTFIMEEE L OB EBHHD ¢S 4 —2 L BT T (£2), EffrailERizE
B BRER/BERE L TR N2, 2B B0TRERE - OFORY, ZEML0T
WEOHEERRA SR, MEOCEROMSARED 6050, d»hH, 90 H, 18 nH TIIREAR
L OIEOHBENTED s ls, RAMEcACOHBR AN E T, iz, MEREE L TH
shaMENE, ME, MiELEo> &, MEEL L VEWEESED sz, 2MER - IRER
MEEL2TT (M5, WThORBERHIIcB W T L EfTFEYETTEEE » 84T L 2 fEBXR o, -

HATFIMEaEEE 9 8, 18 0 H & IR LEOSHEE £ of#E» D o, T8 L
HEoMiak: V FE2 L& 9» AL SREIEOHEBESS A SR, 22 0E THREICERE TS -
foo ZONBGHEY LR OB E FEAEL T, [RMEFOFEHELIZINE, 18 0ATADOIENRGE
Hohtc, MEREOERELR, 428, IPARBLTEDOHEESED Sl (F2).

3.3 EmpamE oL
35— k2 b Uy 7 A GEREREE OFEEOHERERT (F6A, 6B, 277>
BADPHZEWTEBN OB AEZE SA50, IPATRGIBZBTHOREL

# 2 EMCERRREEE » O RFE R L o
Table 2 Correlation of arithmetic mean thickness of alveolar wall with
other morphometric parameters

1§ : Total volume of interstitium, NCIS : Total volume of non-cellular
interstitium, EPl: Volume density of type [ epithelial cell, EP2:
Volume density of type II epithelial cell, EPIN: Type I epithelial cell
volume, EP2N: Type Il epithelial cell volume, END - Volume density of
endothelial cell, MTRX : Volume density of matrix {non-cellular inter-
stitium), CLGN : Volume density of collagen, DOSE: Exposure con-
centration, SA : Surface area of alveolar wall, TPT: Total tissue velume

2 M 4 M g M 18 M 2M
AMT-18 0.6553"* 0.6901"* 0.7741** 0.7841** 0.74606%*
-NCIS 0.6414** 0.6943** 0.7222** 0.6969** © 0.6870%*
-EPI -0.1847 ~0.2794 -0.5101* -0.6348** -0.3800
-EP2 -0.0494 0.3293 0.4160* 0.4487* 0.3013
-EPIN -(.1499 ~(1.4095 -0.1196 -(11782 -0.0380
-EP2N (1.0869 0.2858 0.3960 0.4391 0.5036*
-END -0.2869 ~(.5255** -0.6697* -0.2232 -0.1916
-MTRX 0.2251 0.1300 -0.1507 0.1073 -0.3453
-CLON 0.2165 -0.1607 0.2689 -0.1877 0.2840
-DOSE 0.1298 0.4949* 0.1440 -0.0613 0.4132*
-SA -0.2174 ~0.0489 0.2406 -0.0339 0.0472
-TPT 0.5883** 0.7184** 0.8386** 0.9051** 0.7170*"

% % P<001, ¥ P<005
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Fig. 5 Total volume of interstitium and volume of non-cellular interstitium
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{ A) Collagen { B) Matrix
&3 (%)
15 *
10 20
5 10
2 M
tec) Collagen + Matrix Collagen/Colligen + Matrix
c
%) g* . . (2]
50
40 40
30 30
20 20
10 10
T ¢, B3 61, 762, EEE 63
ted Upper column: Matrix
tower column: Collagen
—e Collagen/(Collagen + Matrix)

*p ¢ 0,05, ** p ¢ 0.01 by AROVA

Values are significantly different from
each other have the same letter by Dancun's
multiple range test {(p < 0.01}).

B 6 FEMiRIMRE
Fig. 6 Non-cellular interstitium

(4} Volume density of collagen
(B} Volume density of matrix
(© Ratio of collagen to non-cellular interstitium
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Effects of Long-Term Exposure to Nitrogen Dioxide and Ozone on Rats V

—— On the Pulmonary Function —
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Akira K. SUZUKI' and Akira SHIMIZU®
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Abstract

To clarify the effects of long-term exposure to nitrogen dioxide and ozone in
conbination on pulmonary function of rats. Respiratory rate (RR), minute volume (\./E), tidal
volume (\‘/T), expired CO; content (\./ECOZ), intake O content (\.fioz), basic metabolism (B
-Met) and RQ were examined in the rais exposed to NO; and O; in combination for 4, 9,
18 and 22 months. RR of G3 exposed rat for 4 months (mos). was significantly increased.
‘;’E of GI rat for 4 mos., that of G3 rat for 9 mos. and that of G2 rat for 18 mos. were
significantly decreased. \-fgcoz of rat for 4 mos. was decreased in dogpendent on a increase of
NQ. concentration and significantly decréased in G3. Change of Vi, of rat for 4 mos. was
similar to that of \./Ecoz. B-met of rat for 4mos. has a trend of decrease. From these results,
a decrease of oxygen metabalism and a veniilation failure may occure in rat for 4 mos.
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Effects of Long-Term Exposure to Nitrogen Dioxide and Ozone on Rate V]

—— Formation of Lipid Peroxides and the Changes of
Antioxidative Protective Systems in Lungs —
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Masaru SAGAI! and Takamichi ICHINQSE?
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BTET 545, FBEFNHHEATOERLETET L, S£EFHEBRESETL oL
MR ERL,

Abstract

The periodic changes of lipid peroxide formation, antioxidant contents and the
activities of antioxidative protective enzymes in lungs of rats exposed to 0.05ppm O, (Gl
group), G.05ppm O, +0.04ppm NO, (G2 group) and 0.05ppm O;+0.4ppm NO, (G3 group)
for 22 months were examined, and they were compared with the previous results on the
changes of the same itemns in lungs of rats exposed chronically to 0.04ppm NQ,, (.4ppm NO,
and 4ppm NO,, Ethane exhalations in breath gases and TBA values in the lungs of rats

. BEEAERF FSEEEE T05 RS EHAEN16F 2
Basic Medical Sciences Division, the National Institute for Environmental Studies. 16-2 Onogawa, Tsukuba,
Ibaraki 303, Japan.



IBEIERS - TR

exposed to the combined gases for 9 months were increased with the increases of the gas
concentrations, but their values in the lungs of rats exposed for 18 and 22 months were
decreased below the control value, The contents of nonprotein-SH compounds at the 9 th
month, and then their contents after 18 and 22 months were decreased below the control
value. On the other hand, enzyme activities of glutathione peroxidase, glutathione reductase,
glucose-6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase, glutathione §
-transferase, superoxide dismutase and disulfide reductase did not show any significant
changes during all periods of the experiments, .

These results suggest that the protective ability against cell damage by lipid peroxides
at an early stage was inducible, but the ability was lost by longer term exposure of the
combined gases of NO, and O,.
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NO, it 1 B 24 oEESE Y L, O 3500 1086557 % 6 K% TD 8 B[ 0 ppm — 0.1
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Sy bRAVEYT T A —Ayya -y —YDORTEET DT TEHEL, AF AR
Fe e H T ABF N HTEF O DL R0, BB NOHO, ERE L, &8, B
DopHEIET Yy FAKRELELIDTEY -V IETFOCHTTEEFLL. 72, BEF v
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14 BFREIATAT, 10T & Uiz, 28, SRz AA 2 L7 CE-2 REREGH2HE L b0 %
R~ sE, Ak BE L bORABRCRER,

HARBEET Ly PRI —FABE T CHESRL OAMeFRL, LS8R (T
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FEEORE CHWz,

Wik & A — + OFR & BERIEN N W AERATIEBRILEYE (Antioxidants) DOHIEZED
R0 ¥ [FRRIC T - 72 Glutathione peroxidase (GPx), glutathione reductase (GR), glucose
-6-phosphate dehydrogenase (G6PD), glutathione S-transferase (GSH S-Tr) EM:ORE R
105,000 % & k&% Fvs T, 4 Little 5 D A%, Bergmeyer A, Wilhelm & D5 K
Uf Kaplowitz & OF & ioff - TiTo#. %3, 6-phosphogluconate dehydrogenase (6PGD)
O MIE ik 6-phosphogluconate % &8 + L T GEPD OHIEZE' 2 - TIT - %2, Superoxide
dismutase (SOD) & disulfide reductase {DSR) {E#: D #IE i3 % 4 McCord & Fridovich @759
& Tietze D HED -7, % B, SOD & DSR #EA® 105,000% & LK 0.1mM EDTA
TR EEER L T HIERHE L,

O $ 7 B Y — 413 105,000 X 8 T 60 SHOHE LM TE S A HBES % 50mM k) %
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NADPH cytochrome P-450 peroxidase'® EHOBECRV, IhoORBREREER, &4
Strobel 5D £ O Brien 5D W L - THEL 72,
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MR 2 EEHE L 7 A o £ - TiT o 7,
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group; [ 1 0.05ppm OQ,+0.04ppm NO,
(G2) group; M, 0.05ppm O,+0.4ppm
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Correlation coefficient (r) was 0619
(P<0.01).
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Fig. 5 Comparison of ethane exhalation of rats exposed to NO, gas and
the combined gases of NO, and O, for 9 months

Each value is expressed as relative mean+SE (n = 6).
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Fig. 6 Comparison of TBA values of rats exposed to NQO, gas and the '
combined gases of NO, and O; for 9 months

Each value is expressed as relative mean+SE (n = 6).
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Fig. 9 Periodic changes of microsomal NADPH cyt P-450 peroxidase activity in
lungs of rats exposed to the combined gases of nitrogen dioxide and ozone

O, control ; @, 0.05ppm O, (G1) group; [}, 0.05ppm O, +0.04ppm NO, (G2) group:
M. 0.05ppm O,-+0.4ppm NO, (G3) group: * P<0.05, * % P<0.01: Each value is
expressed as relative mean+5E (n = 6).

FHHZ bR LER S E 22 sT,

HiE R EREEE L LT, glutathione peroxidase (GPx), glutathione reductase (GR),
glucose-6-phosphate dehydrogenase (G6PD), 6-phosphogluconate dehydrogenase (6PGDYE
MW 5 glutathione peroxidase #EE#, glutathione S-transferase (GSH S-Tr), superoxide
dismutase (SOD) & O disufide reductase (DSR)ZE® 105,000 X g v[iFME rOBEEEOELE
AT, WTHOBEFLEORBHERUCBRBEHH T MBI R I b3 ab ol

9103t 7 oy T 5 NADPH ##1 cytochrome P-450 peroxidase (cyt P-450
Px) HUOELETF LI, BBREEG GLETENEREED DAL, G2 L GIFTR
5~ pHERA T THBERL b EECETL, B2A8MBETENEVVIZRED, 2 OBIFE
{Liz B 3 Oifio TBA &L 8 THELLL Tl

4 % B

AHETER, BEED NO, & 0, DEHESREE S v I ORBR(LIEEER - 1R L iR E RO
T AT, £ NO, Bii# A D EMRREROMRR & OHE AT > 72,

BRIEEIC DV T a5 &, SH0OAMIESERT 2AHI S » OERIE /A BEEM
SRV RN — 7 CEL, FOBBNBEEOBELUTIETL TR {EmERL Thi,




ERNAR HEARCHEE L AL HRETORE

—#, BREEEDL 5 —20EIETH S TBA i £ 2 0:BELISE N Gl # i & 28
CT&EfLAro0imL T, G2E L GIENE NO, BECEEL T InEE £ TRIL,
FQHBIEHBL B L0 EALTIETL T, 70, Wio TBAEER L AR
9 A TRERh Ly v F Ly TBAE L OMICEEELENPRD s hi,

IheDIbhrd, 90 TORKPRIGABERZHOERVEESER s EML 75T
Easmahicyt, ThUBOMERPRKEO LR EMUADBRIIEET 20 THD Z D8
TmERIz

SED, NO, & 0, DEEV AREL O NO, Bfh7 ARBEEROERP LY > D EHE %
T2k, 0.04pgm NO, £ 0.4ppm O; DEMIc L 2 9RO =¥ Y EREOE{LIZE NO, D
BMBE L OBE TR TAERECRRD 5 ks o, THhIZHL, i) TBA &1, NO, #
B 0.04ppm & 0.4 ppm OBEW 0.00ppm O, &HET 2 LEEECKMLTHE Y, O, HiEst
THEAEELENERL TR, ThHD I k), REBREVVORBETH->TH 0, 0
HEC L VFHOBRIISEORINEERETH Y, ©—7 HEHHY NO, BRBEOHS T~
HERBAIERHEmE R ST,

2Ok REBEEE Rk, FUMOBBEEEOELE L prb s T, HOFEBLESEE
FAMERHI2HELELC, FORCLERAELLERDshlro7, LrLids, FR
HiEsbEIOEy v BN SHILEHEE S : YESER, WOBBILEENLr -2 kol 9
PRETOAEREICENL, BRCEEOER T 2 -0 R EIILTELb DO LR
bid, Ok, JasiBEFORRERZERFO VAL, FALUTETL Tl 18,
22 5 BB CHOBRBILIEER B AR > T e, S Vs BESH ECY S VESRE
WLV E D SEBICETLTW, 202 kid, NO,+H0, BEEAICE, BRICEY LR
L AREREESCEELTSE sz wit b b s $, M ZBENA L A
(Oxidative stress) 2ipdr o TWB I EAFBT 2 LD EEbh 3, —F, 0L 5 2HRELH
DELRIEC L > TLH{E#ET A LMo R T2, L, Bk 2 BoHacid, Mok
Fo7EESHERRETT 24, €3 vERNRE3 BHOBRc >R THEML Tw»
7o CDEIRIEDS,NO, £ O, DEHERBW LD,y 2 HESH LEY L VESER
EF4+ 2 &9 2 ki3 Oxidative stress DIEE B RET 5,

T 70V - LR EER LA R 2 %3 5 FF £ 5> NADPH cytochrome P-450 peroxi-
dase BWEEL T3, JOBREER GIBRTENBL AL EEDLZ LI585 h 0708, G2
BHEGIMTES.9»FETTBABE L BHNCERRETERL (W, JQ X3 bin
&, FOEMETRIEEOABbIC L > ThshkboeELoN5,

PED X5z, £t - TEERARBLIEE R NO, A AZREOBS LD b BRI
B, £OBINEEY, SR8, > THTRELP o2, NO,-& O; DEERBEETIIAE
EALIE PSR EER B VR E AR ERL T, Y 87 EESH e



WERRERE - idEsE

7 VEFOMBEMEBEOET LY, FCEBENA M v AdShoTWE D & MNED
5NEY, TOLIBA M AMBINLTEDL S 2ERES B ISBROTEE Gyt

TR 540,

3l B X W

1} Thomas, H. V., P. K. Mueller and P. L. Lyman (1967): Lipoperoxidation of lung lipids in rats
exposed to nitrogen dioxide. Sciences, 159, 532-534,

2) Sagai, M. and T. Ichinose (1987): Lipid peroxidation and antioxidative protective mechanism in rat
lungs upon acute and chronic exposure to nitrogen dioxide. Environ. Health Perspective, 73, 179-189.

3) Goldstein, B. D., C. Lodi, C. Collinson and O. J. Balchum (1969) : Ozone and lipid peroxidation.
Arch. Environ. Health, 18, 631-634.

4) Menzel, D. B. (1984} : Ozone: An overview of its toxicity in man and animals. J. Toxicol. Environ.
Health, 13, 183-204.

5) Tappel, A. L. (1975): Lipid peroxidation and fluorescent molecular damage to membranes. In:
Pathobiology of cell membranes. B. F. Trump & A. Arstila, (eds). Vol. |, Academic Press, N. Y.
145-170.

6) Menzel, D. B. (1976) : The role of free radicals in the toxicity of air pollutants (Nitrogen oxides and
ozone). fn: Free radicals in Biology, Pryor W. A. (ed). Vol. 11, 181-202.

7) HIE—(1985): II-2 B, BE{IEE L £4 Wl 7, WEXF. BIRARE (BE) , F2HR
vy —, 289-313.

8) TRRERH(1985): 1-3 AR{LAEE O AERR L. BEELISHE L & AL . RENXE, BIRHE

(RE), FEBRt -9 —, 45-16,

9) Sagai, M, T. Ichinose, H. Oda and K. Kubota {1982): Studies on biochemical effects of nitrogen
dioxide. 1I. Changes of the antioxidative protective systems in rat lungs and of lipid peroxidatien by
acute exposure. J. Toxicol. Environ. Health, 9, 153-164.

13) Ichinose, T. and M. Sagai (1982): Studies on biochemical effects of nitrogen dioxide. 1II. Changes
of the antioxidative protective systems in rat lungs and of lipid peroxidation by chronic exposure.
Toxicol. Appl. Pharmacol., 65, 1-8.

11) Sagai, M., T. Ichinose and K. Kubota (1984) : Studies on biochemical effects of nitrogen dioxide. 1V.
Changes of lipid peroxidation and antioxidative protective systems in rat lungs by life span exposure
to NQZ. Toxicol. Appl. Pharmacol., 73, 444-456,

12) Little, C. and P. J. O’Brien (1970) : Properties and regulation of glutathione peroxidase. J. Biol.

" Chem,, 245, 3632-3639.

13) Bergmeyer, H. U. (1974): Reagents for enzymatic analysis: Glutathione reductase. In: Methods of
Enzymatic Analysis. (ed.) Bergmeyer, H. U, 2, 463-466. Acad. Press, N. Y.

14y Wilhelm, L. G. and H. D. Waller (1974) : Glucose-6-phosphate dehydrogenase. fn . Methods of
Enzymatic Analysis. (ed.) by Bergmeyer, H. U., 2, 636-643. Academic. Press, N. Y.

15) Kaplowitz, N., J. Kuhlenkamp and G. Cliften (1975): Drug induction of hepatic glutathione §
~transferase in male and female rats. Biochem. J. 146, 351-356.

16) McCord, I. M. and L. Fridovich (1969): Superoxide dismutase: An enzymic function for erythro-

cuprein (Hemocuprein). J. Biol. Chem., 244, 6049-6055.

— 100 —



17)

18)

19}

20)

21)

22)

23)

24)

25)

26)

HEEMER WEAMENEE L RBtEEERR T 0L

Tiewze, F. (1970): Disulfide reduction in rats liver: Evidence for the presence of nonspecific
nucleotide dependent disulfide reductase and glutathione-disulfide transhydrogenase activities in the
high-speed supernatant fraction. Arch. Biochem. Biophys., 138, 177-188.

Strobel, W. and J. D. Dignam (1978): Purification and properties of NADPH-cytochrome P-450
reductase. frr: Methoeds in Enzymology, Vol. 52, S. Fleisher and L. Packer, (eds.), Acad. Press, N.
Y. §9-96.

Harycay, E. G. and J. O'Brien (1971) : Cytochrome P-430 as a microsomal peroxidase utilizing a lipid
peroxide substrate. Arch. Biochem. Biophys., 147, 14-27.

Del.ucia, A. )., M. G. Mustafa, M. Z. Hussain and C. E. Cross (1975) : Ozone interaction with rodent
lung : III. Oxidation of reduced glutathione and formation of mixed disulfides between protein and
non-protein sulfhydryls. J. Clin. Inv. 55, 794-802.

Omaye, S. T., Turnbull, J. D. and Sauberlich, H. E. (1979): {1] Selected methads for the
determination of ascorbic acid in animal cells, tissues and fluids. f»n: Methods in Enzymology, Vol.
62, Acad. Press, N, Y. 3-11.

Abe, K., M. Ohmae and A. Katsui (1976): Rapid and micro-method for the determination of
tocopherol derivatives in liver. Vitamin, 50, 453-459 (in Japanese).

Ohkawa, H., N. Ohishi and K. Yagi (1979): Assay (or lipid peroxides in animal tissues by
thiobarbituric acid reaction. Anal. Biochem., 95, 351-338,

Sagai, M. and T. Ichinose (1980) : Age-related changes in lipid peroxidation as measured by ethane,
cthylene, butane and pentane in respired gases of rats. Life Sci., 27, 731-738.

WEIEFRS + A L. Tappel (1979): BEE@EEOFT L WRIESE £ L COEESA A ST ARIEE
e 3, 1-8.

THHASEOE « ) R ) BB RR(1985): EIR T v L O 5 5 RIS LR - BEET O
T ARGIEEDTR, 9. 63-65

— 101 —




ER O EHRTM RS B IS F (R-115-788)
Res. Rep. Natl. Inst. Environ. Swud., Jpn., No. 115, 1988,

-7
TERALERCAVOBRERMBRES T PEREITRE VI
— - MBERVEREGFOI7 -4 ABHERFOEL —
Effects of Long-Term Exposure to Nitrogen Dioxide and Ozone on Rats VIl

—— Changes of Collagen Metabolism-Related Factors

in Lungs, Serum and Urine——

HRAZEE" « B
Takamichi ICHINOQSE! and Masaru SAGAIL

£ 8

BBREONO, L O, CHEV A+ 222 AMBE L v b O, MERVREG® 2
5 — 7 REBERTOELS,S, Mo —7 s RECRIETREBIODWTEELL,
M=z sy +—ERERFEEE S »EEI G1EE 0.05ppmC;) & G338 (0.4 ppm
NO, +0.05 ppm O, ) iZ BIMEEIAFE S & 7243 18 o H Hic ik G 1, G 2(0.04 ppm NO, +
0.05ppmQ,), GIWL FEETL, BPERIGI<G2<GIHOETH o1, 2
FREZ2:BUOGIH: G2HTENLL:, Hoas—rrRAMEIS Y F—¥HESE
Br iAozt sRL, 5rHETR GI#E GIfuemERmsRL, 18»HE
3 b ETHNETRL, BIPER CI<G2<GINOETH 1, 220 AETH
G2 HAHEIER &R L, G3BHZ 18 40 F BT THINT AEAE T Lz, 35— ¥
HMECHEETHZMBE HOP B ch s 0B B EOEERL, S »AB T 38 L b
HECETL, OBRPERZGI>CGI>G2DETH 72, 9 ABKE G3BETHINE
mAERL, BaHBCR 3L s 0ETCIL, 20NER G1<G2<GINDET
Bol. 2 AR GLEEMEL~ALIZED, G2, GIBEHBLraL L {EF
FTEERETR Lz, MED 55+ — VREEMIEZD 5 7+ —VIEERFOS L BaE
b5 L, M HOP HOZE MG Tz, Mo MAOEMIE GIBT1 9, 18, 22
ABTHEECHML, G2ETIR 2 AEEEICHENL:, chsDEREnrs, 1803
BTz sy > —YAERTFEEDET IC L > THid 2 5 — 7 o SEEMNTTHL, MK
FOEEMEIMEREZT TS PFEOGLGIN 2 »BH0 G2, G3BTRfina 5 —
FrAEBET LT LRSS RSB s A, £ 240080 G2, GIFODIDE IR
Eike 25— v ERBOES ST 2 MAO EOMINE 22 nHED G2, G3BIza
T =7 OS2 I BREENER EMET s b0 e HF L 5N B, RP HOP L
W5 HBICEEC T LTI 1228, 9~22 R B TitE FEE AT L, i HOP 4

1. EAEWEr BEERN 7305 3B W NEFI 163 2
Basic Medical Sciences Division, the National Institute for Environmental Studies. 16-2 Onogawa, Tsukuba,
Ibaraki 305, Japan.

— 103 —




TR - BRI

EXfit LR otz

Abstract

Present study have examined the changes of collagen-metabolizing factors in fung,
serum and urine of rats exposed continuously to combined gases of low level nitrogen
dioxide and ozone for 22 months, in order to clarify the relationship between the alteration
of collagen-metabolism in lung and fibrosis, The activities of collagenase inhibitor in serum
of rats exposed to 0.05 ppm Oy (G1) and 0.4 ppm NO, + 0.05 ppm O, (G3) at 5 months were
higher than the control level, and then the activities were significantly decreased with the
order of G1<G2 (0.04 ppm NQ, + 0.05ppm O,;) < G3 at 18 months but the activites of G2,
(3 significantly increased at 22 months. The changes of hydroxyproline (HOP) contents in
lung were similar to those changes of collagenase inhibitor but were not significant. The
HOP contents in serum signiticantly decreased with the order of G3 > G1 > (G2 at 5 months,
and the contents of G3 at 9 months was higher than the control level, and then the contents
significantly decreased with the order of Gl < G2 < (3 at 18 months, but the contents of
G1 returned to control level and G2, G3 were lower than the control level at 22 months. The
changes of collagenolytic enzyme activity in serum were similar to those of serum
hydroxyproline. The monoamine oxidase (MAO) activity in lungs, contributing to the
formation of the cross-linking of collagen, was increased dose-dependently at 9, 1§, 22
months. These results suggest that the coliagen decomposition in lung at 18 months was
promoted and that of G1, G3 at 5 months and G2, G3 at 22 months was decreased, and the
changes of biochemical collagen-metabolizing facotors in lung and serum at 22 months
corresponded with lung fibrosis observed in the morphological examination reported 21).

1 i

1ppm AT 0 O; QUEHBINRECRHMBE, H2VERENO, PIhs 0BT AR
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Fig. 1 Time-dependent changes of left lung wet weight to body weight of
rats exposed to O, or NO; +0; for 22 months

Control values of lung wet weight were 1.03, 1.00, 0.86 and 0.93/body weight
for rats §, 9, 18 and 22 months, respectively (— & —, control ; ---O---, 0.05
ppm Os; ---@---, 0.04 ppm NO,+0.05 ppm O, ; ---[J---, 0.4 ppm NQ,+0.05
ppm O3}, The values are expressed as mean£SD.

— 106 —




WERHERE 255 -RIEBERTOEL

KaERZEFBHENEREEDD BT,

3.2 mEfdokefrafFal) (HOP) &

¥ HOP Bo& b+ E 2 iR Lz, M5 HOP 835 »AHBETIH GL G2, G3fk
LAEEL DERCETL, BOEZGLEE19%, G2H13%, G3M26%THD, GIFLR
HIETFL7, 92BETIRGL G2HRHBLr <A RO L T GIMTIIHH L~ &
nETHIMEE 2T L. 182 AB TR 3L b EFECEML, ZOMIIRE G1#18%, G2
BE22%, G3BEWUTH 7, L, 2»HETE GIEHTENHYy LI DET T A%

RLTe

a Cont
140+ 06 ]
oG 2
og 3 "k
120 y
aal

100

HOP In serum, % of control

e L

18 22
Exposure time (months)

B 2 v bonEhorioiyol)  BOBRBEL
ZE A NI O T 100 & LB S8 +3D TRL .

Fig. 2 Time dependent changes of hydroxyproline {HOP) contents in
serum of rats exposed to O, or NQ, +0, for 22 months

Control HOP values in serum were 11.7], 9.10, 7.64 and 10.68 xg/ml for rats
of 5,9, 18 and 22 months, respectively (--- & ---, control : ---(O---, 0.05 ppm O, ;
---@---, 0.04 ppm NO,-+0.05 ppm O;; ---[]---, 0.4 ppm NO,+0.05 ppm O,).
The valugs are expressed as mean £8D. (» - P<00S, « » « P<LOOL, » « v
P <0.001)
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Fig. 3 Time-dependent changes of hydroxyproline (HOP) contents in
lung of rats exposed to O, or NO,+0; for 22 months
Control HOP vaiues in lung were 3.48, 3.60, 5.10and 4.89 mg/g. lung for rats
of 5,9, 18 and 22 months, respectively (---&---, control, ---(---, 0.05 ppm O, ;
---@---, 0.04 ppm NQ,+0.05 ppm Oy ; ---(0---, 0.4 ppm NO,+0.05 ppm Oy)
The values are expressed as mean +SD.
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Time-dependent changes of PZ-peptidase (collagenolytic enzymes)
activity in serum of rats exposed to Q; or NQ, 40, for 22 months

Control values of PZ-peptidase activity in serum were 60.2, 58.8, 48.7 and 36.
1 units/mi for rats of 5,9, 18 and 22 months, respectively (---&---, control ; +--
C---, 0.05 ppm O, ; ---@---, 0.04 ppm NQ,+0.05 ppm O, ; ---[J---, 0.4 ppm
NO,+0.05 ppm O,) The values are expressed as mean +8D. (+, P<005; »
«, P<001; » « », P<0.001).
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Time dependent changes of collagenase inhibitor {Cl) activity in
serum of rats exposed to O; or NO,+0O, for 22 months

Control values of CI activity in serum were 159, 21.9, 23.7 and 253 %

inhibition for rats of 5, 9, 18 and 22 months, respectively (---&---, control ; ---
O---, 0.05 ppm O, ; ---@---, 0.04 ppm NQ,+0.05 ppm O, ; ---(J---, 0.4 ppm
NO,+0.05 ppm O,), The values are expressed as mean +SEM. { +, P<0.05;
+ +, P<001).
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Fig. 6 Time-dependent changes of monoamine oxidase (MAO) activity in
lung of rats exposed to Q; or NO,+0, for 22 months.

Control values of MAQ activity in lung were 2950, 2990 and 3264 units/g~lung
for rats of 9, 18 and 22 months, respectively (---&---, control; ---(O---, 0.05
ppm O, ; ---@--, 0.04 ppm NO,+0.05 ppm Q, ; ---[J---, 0.4 ppm NO,+0.05
ppm ;). The values are expressed as mean £SD. ( +, P<0.05)
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Fig. 7 Time dependent changes of urinary hydroxyproline/creatinine
ratio of rats exposed to O; or NO,+0, for 22 months
Control values of urinary HOP ratio were 32.6, 26.3, 36.0 and 31.8 for rats of
5,9, 18 and 22 months, respectively (---&---, control ; ---(O---, 0.05 ppm O, ;

---@---, 0.04 ppm NO,+0.05 ppm Oy ; ---[J---, 0.4 ppm NO,+0.05 ppm Os).
The values are expressed as mean £58D. (+ +, P<0.01)
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Effects of Long-Term Exposure to Nitrogen Dioxide and Ozone on Rats VI
—— Changes in Membranous Components of Rat Tissues ——
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Abstract

Male JC1: Wistar rats were exposed to 0.05ppm ozone (Q,, G1), 0.05ppm O, +0.
04ppm nitrogen dioxde (NO,, G2) and 0.05ppm O, +0.4 ppm NOQ, (G3) for 9 and 22 months
to examine the effects of O, and NO, on the membrane constituents of lung, liver and kidney
as well as the Hi and Hb values of blood. O, inhalation was daily 8 hours.

The Ht and Hb values of Gl, G2 and G3 showed an increasing trend 9 months after
exposure, in which the Ht value of G3 and the Hb one of GI and G3 were significantly
higher than thosc of the controls. Twenty-two months after exposure, however, all the
exposed groups did not show such a trend and, rather, the Hb value of G3 was significantly
lower than that of the control.

In the lung, the xenobiotic metabolizing systems of microsomes were enhanced in Gl,
in which the cytochrome P-450 content was notably increased. Exposures to O, in
combination with 0.4ppm NO, (G3) diminished this enhancement, while that with 0.04ppm
NO, (G2) scarcely affected. It should be noted that the cytochrome P-450 content increased
dependent on the NO, concentration at the 22nd month of exposure,

In the liver, the wet weight and mitochondrial respiratory system increased in G3 22
months after exposure. In Gl, however, the cytochrome &, content and xenobiotic
metabolizing activity of microsomes were decreased. The combination with NO, lowered the
magnitude of these decrements. On the other hand, other compenents of microsomes
decreased in G2 and G3 ¢ months after exposure.

In the kidney, components of both mitochondria and microsomes increased in Gl and
the combination with NO, reinforced such an increasing trend.

These results show that long-term exposures to NO, and O, at low levels sensitively
affect membrane constituents, particularly microsomal xenobiotic metabolizing systems of
lung, liver and kidney as well as the Ht and Hb values.

1 @Lais

TEB{EEEE (NO,) L4V (0) 13, BEFEAE v A EINETERLF SV M TH D,
WA AR, FECHLTHCBEMA N ARFEECTEELONRT VS, IhETE,
G.2~0.4ppm O, % 7 v MCHBMURE TS L 7o/ — A0BRBFR R TEL,
oz roy—AHdSbBHENS I EREL TE!YY, —7, 0.4~4.0 ppm NO, DT SME
BE, 2y rOMBRUIFEO S 270V — LB R P20 P ) PIHERRRELZET S E 53
o 37TV —LRSOETR, BARRECHEARNEZ Y AMABRICERESNS VL, £,
NO,BEAMREEIR, O:rERcERO I 7oy — LB 2BEHE T3, ZhoOBRIE, SRED
Bevsi b nd L R LR EBE O NO® O b, BSOS RS, B iruy —L48Y
RMAWHBEERITL, NOL O TRBEEESI L ATLTWVA,

EFETIE, 0.05ppm Os (8h/d) 120.04 iz 0.4 ppm NO2HEL IKRU 2 »HMS v
M BRE LR, B - A SO ERER SR LB RE L.
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2.1 HeogRR:EERHOAE
EREONOLO*EETIETHR2H>AMBBELLICI: Wistar RS+ %
FHLEZY, —~H6EO7 Y b LR TRL L AETH, HBRUBBORE S A -3
oY — ABSEFHBL Y,

FRIVRYTOaANIEE-F oL c BUBREGRSES A - 2HOTHIBKKELL
FETHELLY, 270y —ADBTEERKS(NADH-F F 7 v 4 b BITEE®R, NADH-+
by s P450RETEER, Fhroa b RUEF 7oA P-450) OFERELETROFETCHAIEL
78, &, BEpahEgg, oVt ry, - bxe sy, 29y, RV T 2 1Y,
T2y, 7R/ R p-m b o7 =Y —ARHEEE LTI 20— ABSE W TRIERD
FHECHEL D, #2087 B Lowry 5OFHK & 0 T Lo,

2.2 ABEOREE

MR s BEHOMOEEEL, 28O ESRE, Student @ f MEN L Welch @ + BiEE
TRz,

I B R

31 BBERrmEMRCRETRES

F 1, Ok NO,OHESRELAE L ERERCRITTHEL R, FERUINGER,
WTFHORBHTLEELELRETRS Lt 0T, — 77, HBEAUEREOBERE, GI1ETINA
BraECET UL, 220 Bid NOFMBEAEL THINL, GIRTIINEROA~
107% {(p<0.05) & 108% (p<0.05) ko7, MEEO Ht{E: HbEE, IxABREWTFROD
BEPTHMIMERSFED S, Ht (i G 3 BECrBEREO 107% (p<0.01) &, Hbik G1 R
U GIHETHIC 108% L ARICHIMNL 72 (F 2), —77, 22 » B BT i Ht {8 & U Hb il $5hnfEm
D 5T, G3EO Hb EIINEREO 97% (p<0.05) BT L.

3.2 MoOEEEESIRETEE
#3112, NO L O, 0HEEEBIC L0 v 7 8, BRORBERS R UCEMAEEEOEL
ERLI, REYA—LFRUFL 70V —LABESO Y v 7 ER, 9, 22 AMZBETHWThOZ
BHTOLMNEBCN L TEERELERE A otz, —H, 70V - LBTEERRSORT
LF P27 OLP-450 &R, 90 BRBICEVLTGLRTHEBRED 120% (p<0.01) HmL,
NO, DN & b RO REE A5 Uz, 22 AR T3, W NO,0FEINC & Y N R ES
AL, GIBTHEED 139% (p<0.001) &/ olz, 270V —ABTLEROHORS, 7
b7 a4 b, NADH-# + 7 0 4 hETER, NADPH-F + 7 0 4 P-450 HUBH R 2
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Table 1| Changes in the tissue weight

Exposure Concentration (ppm)

Exposure

; G2:0.05 ppm O, G3:0.05 ppm Oy
Peried .

Control Gl: 0.05ppm O, + 0.04 ppm NO, 404 ppm NO,

BODY WEIGHT

M 406134 444+19 (109) 410+ 14 (101y 44025 (108)

22M 4713137 450122 ( 95) 463+ 18 ( 98) 463136 ( 98)
LUNG

9M SA1£0.18 534070 (1.5) 4931034 ( 97) 4863042 ( 95)

22M 4.62+080 4871049 (105) 4.57£038 ( 99) 4.63+0.62 (100)
LIVER

o 34.7+0.6 334407 ( 96) 343+18 { 99) 33611 ( 97’)

2M 334421 32.0£26 ( 96) 346118 (104) 35.6+2.1*  (107)
KIDNEY

9M 6.62+004 5994008 (90) 6312045 ( 95) 6431027 (87

22M 6701062 690+040 (i03) 7.16£0.37 (107) 7.26+2.06% (108)
SPLEEN

IM 1824018  1.81+0.15 ( 99) 1.844+0.04 (101) 1.81+024 (100}

22M 1.90+0.26  2.03L£0.23 (107) 1.95+0.25 (103) 203+021  (107)

Values are expressed as the gram tissue/kg of body weight (MeantSD, n=6 for 9 M and 12 for 22 M).
*p<005, *rrp<0.00.

% 2 HUERU Hb{EDEI
Table 2 Changes in the Ht and Hb values

Exposure Concentration (ppm)

Exposure
Period | [ 005 G2:0.05 ppm Oy G3:0.05 ppm O,
Contro G ppm O, + 0.04 ppm NO, +04 ppm NO,
Ht Vatue (%)
IM 42103 434+14 (103 434+1.8  (103) 4511 1.3*** (107}
22M 430411 423414 ( 98) 425216 (99 4244138 { 99}
Hb Valub (g/dD)
oM 14.6£0.5 15.8£0.7** (108) 155208  (106) 157204+ (108)
2M 16.0+0.5 15.70.6  ( 98) 15.8+05 ( 99) 15504 ( 97)

WValues are expressed as the mean=+5D (n=6 for 9 M and 12 for 22 M).
*p<005, **p<001, ***p<0.001.
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Table 3 Changes in the membranous components of lungs

Exposure Concentzation {ppm)

Exposure
Period . G2:0.05 ppm O G3:0.05 ppm O,
Centrol Gl: 0.05 ppm O, 4+ 0.04 ppm NO, + 04 ppm NO,
Homogenate Protein (mg/lung)
oM 76.4+2.0 78.6+2.3  {103) 787459  (103) 748+18 ( 98)
220 82.8+56 B0t 41 { 98) 80.9+17 ( 98) 85.6+70 (103
Microsomal Protein (mg/iung)
9M 9.05+0.47 909+0.80 (100) 9.38+0.58 (104) 9424045 (104)
22M 10.6+0.2 109104  (102) 10.5+03  ( 9.8) 10.8+04  (101)
Cytochrome P-450 (pmol/mg homogenate protein)
I9M 781084  10.1X1.3** (129) 8.40+2.15 (108) 7.91+0.88 (101)
22M 4814+0.62 527+£1.37 (109) 5.89+234 (122) 6.70-+0.93**"{139)
HADPH-Cytochrome P-430 Reductase (nmal/min per mg homogenate protein)
9M LI7+0.14  1.14£0.09  ( 98) 1.19+0.15 (102) 1.22£0.07 (103)
22M 2.85+0.08 298+0.20 (105} 282£0.00 ( 99) 2944008 (103)
NADH-Cytochrome b; Reductase (nmol/min per mg homogenate protein)
9M 9.47+075 9471037 (100 910143 ( 96) 9.59+1.14 (10D)
22M 226133 228479 (101) 21.9+6.6 (97 224141 {99
7-Ethoxycoumarin O-Deethylase (pmol/min per mg homogenate protein)
9M 221+1.6 240134 (108) 253.3+£26* (114) 232442 (105)
2M 11.5+6.9 12649 (110} 142440 (124) 131+66 (114)
Coumarin Hydroxylase (pmol/min per mg homogenate protein)
9M 106013  098+0.19 ( 92} 096+0.22 ( 90) 0.85+0.09 ( 80)
2M 098+002 1172007+ (1200 1.204£008* (122) 0964003 ( 98)
Benzphetamine N-Demethylase (pmol/min per mg homogenate protein)
oM 494428 497163 (101 490158 ( 99) 473175 [ 96)
22M 2t4+ 0 251 1* (117 240+ 1% (112) 217+ 2 (101)
Benzo {a) pyrene Hydroxylase (pmol/min per mg homogenate protein}
aM 346+0.19 361033 (104) 3454025 (100) 354031 (102)
22M 2404074 256+0.30 (107) 3.08+048 (128) 291033 (121)
Succinate- Cytochrome ¢ Reductase (nmol/min per mg homogenate protein)
M 2.99+044 3061026 (103) 2.714£026 ( 91) 292+£027 ( 98)
2M 983+1.87 927+187 ( 94) 924+ 1.60 ( 94) BB5+1.15 ( 90)

Values are expressed as the mean+SD (n=6 for 9 M and 12 for 22 M).
*p<0.05, **p<0.01, ***p<D00l1.

K FIERAD INTRE-F b7 0 A c BREROFEEER, 9, 20 AFBOWTNORENT
bERELELERS B o7, _

WizZzoy—ADF b 7ol P-450 FROEENT, 7 0Y—L0RWRBMENLLZERT 5]
BEM AR L Tva, GIHETR, 22A8BTC7 ) vKBERURY A7 273 vHAFL
{LIEAE D35 2 HEREED 180% (p<0.05) RIF1L79% (p<0.05) wiamlfz, G2 THLEERED
HFEhEkEgnms@Em@vens, —H, -2 rFy o< Bz F it oRU 22088
OWTFROBREEETHRIMERAZ e 50, G2RTE 9 RU 22 FRBTHEL WEEED 114%
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(p<0.05) K 1F124% (p<0.05) Lz 5tz, LiLzsis, TIFNORBERL G3IHTRIAR
BELERS LT,

33 HROEFEHDRIETTRR

FARRLE LS, HFHOREYA- PRI 70 Y — ABHO S v 37 BREBRRRLS:
AL ote, GIEETI, 9 ARCF + 7 v A P-450 SEAREEED 82% » B EmERL,
2MEERT s SR p-Z b T =V - MRA FAALER S HEEEO &2 87% (p<

s 4 HEOBRSDOE®L

Table 4 Changes in the membranous components of livers

Exposure Concentration {(ppm)

Exposure
Period -0 G2:0.05 ppm Oy G3:005 ppm O,
Control G1: 005 ppm O + 0.04 ppm NO, 404 ppm NO,
Homogenate protein (g/liver)
9M 2454026 2.56+0.22 (105) 2.54+020 (104) 2.59+0.07  (106)
22M 2814023 2691035 ( 96) 2864017  (102) 287+£006  (102)
Microsomal protein {mg/liver) ‘
IM 47656 302+ 04 (106) 45752 ( 96) 491+ 82 {104)
22M 513+49 494+94 ( 96) 532+41 (104) 532130 (103)
Cytochrome P-450 (poml/mg homogenate proiein}
%M 82.2+35.5 67.1%£164 ( 87) 760175 ( 92) 85.4x66  (104)
22M 66.3+9.0 643114 (97 675+ 84 (102) 69.8+94  (10%)
Cytochrome &, (pmol/mg homogenate protein}
9M 568 56+ 3 { 99} 563 ( 99} 5745 (101)
22M T4t 6 64113+ ( 87) 684 ( 92) 716+5 (102)
NADPH-cytochrome P-450 reductase (nmol/min per mg homogenate protein)
oM 10.9+1.1 103203 { 943 8.8+04"* ( 81} 9.2+0.9* { 34)
22M 11115 11.1+1.3 (100) 11.5+2.1 (104) 120414 (108)
NADH-cytochrome #; reductase (nmol/min per mg homogenate protein)
M 634+ 64 619+40  ( 95) 668+ 70 (102) 561+23** ( 86)
2M 203+27 184139 { 91) 19135 ( 94) 200£33 ( 9%}
Aniline hydroxylase (poml/min per mg homogenate protein}
IM 71+10 62+ 5 ( 87) 64+ 5 ( 90) 64t 2 (9D
22M 7218 73418 (102) 79+13 (111 79421 (110)
Aminopyrine N-demethylase (pmol/min per mg homogenate protein)
oM 3.16+0.34 2921028 ( 92) 3.04£034  ( 96) 2944019 ( 93)
22M 1.13£0.27  L.11£0.20 ( 98) 1.21+0.15  (108) 1.15+0.22 (103)
p-Nitroanisole N-demethylase (pmol/min per mg homogenate protein)
9M 805+ 6 793110 (99 809459 (101) 81073 (101)
2M 105494 831 195" ( 84) 9724106 ( 92) 963150 (91
Succinate-cytochrome ¢ reductase (noml/min per mg homogenate protein)
oM 158+23 154442 ( 98) 150£31  ( 95) 147429  ( 93)
22IM 29.8+5.2 323+44 (111 298+49 {102) 349453 (120)

Values are expressed as the mean+8D (n=6 for @ M and 12 for 22 M)
*p<005, **p<00L
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0.05) & 84% (p<0.05) \T{ET L7z, NOOHEMIZ, Ok 2 25 OFEMET 28R 28 122,
G3HTInAHK NADH-F + 7 o 4 bETEE#HR & NADPH-F b 7 0 4 P-450 BIUBER O
HEIL AR & 2 84% (p<0.05) & 86% (p<0.01) KKEFLe —F, S I FITOHIN
VEE-F b oL ¢ BUEEESEMNE, GIFET22,HE HEREO 1209% (p<0.05) ZHMOL 7.

3. BROLBEBEFCRITESR

il s Bl D BOBE, 17 oY —4slif0s o7 BEEiERERL, 22 2HBK
HGIRUGIHTHBEDEZL07% (p<0.01) BUF110% (p<0.01) EFE MLz, &
ESRA—bDF 7L 22 BB NO,ORINBEICKTFEL THEML, G2RUGINTH
HEEEOE 2 108% (p<0.01) BV 110% (p<0.01) otz FRRIE, # oA P-ASEY
9 5 H BT NO,DEMERE I IKE L MER 2L, NADPH-F 7 o A P-450 BooEEiE
iz 22 pA G2 RUGIBTHEREOSZ108% (p<0.05) R UF 114% (p<0.01) wHfnL 7z,
—F, RSV KB OISR, 9 A B NOJRINEE CEREL T, G3 BT BEED 7%

(p<0.01) ety I P RU7DansB-F b7 v s o BTEBIEER, 92 F B8N
fEEERL G1RUG3BFTHBROE£118% (p<0.05) LU 114% (p<0.05) 7> /4,
22 HEWC I NO,GIFINER I EEL TETL, GIBETRNEIED 19% (p<0.05) Loz,

4 # B

KRR, BRE O,OEMEMERE NO, r oRSENMSENE—RIENBSETH MO
A5 T, SBAUFMRCyBEERE T EHLMIILL,

EE SO 3, WEOESEO NO 2 v bt BaMEET 5 L lboRIMEKRoOELy
R h, ZOBETICHT 2 RHEFDE L Th#EPCREEEOBVELRMRO HE 480y
By HtESEMT 22 b2 »ICLTER, BRED O.BBRIRMOMELBME TSI L
BERE AN TV 589, HENEEED O,BSMSB TR AMREOR PV IZEHE S L3541 He
EOMMLBEINTHL LY, 26 OBRE, NO® QD RIMIR~OEE T 2 RA{ERIG &
LTRMBMOBMENR 2 LBRTE2, GIRUVGIRTI»ABIEE s/ HUERU Hb
{EORINE, ERED 0% NOREIC & - T b ARIMRICEEN R, Ziiom U TEIiRHEY
WL D itk 2 L LR E 5 (R, 20BE, NO, & Q,0ESHESIAE TR VDI,
RS NO,XE Qi L TBERRBREL TWwI kbt bE2L5h2, FE R LREHTHE,
EMZEEs AT, GIHDO Hh HREEET L. B8 T » NI NO,Z2RE T 2 LEHRORK
PHRESNZZE0S, 2B 2 pHEOEST v b TERARMBREEENET L TE D AERICH
Tk {BENRRLLLEZ N,

HERIERED NO, (0.4~4.0 ppm) HARRBIC LT, iz 7y oy - L0RYRFRES
L RRBES PR CEL T 29, OB, 2 oy P ) 7ERBREZEOEEET VERES
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%, —K, HEEMEEED O, (0.2~0.4 ppm) BEAMSEZ L, NO LBz 7oy — 40
HMRBERR S - EMABESEZ AE SR LY, FFEEOER> S, BEUMREMROITEN0.05
ppm O, D EHMEETLRE T Z baMEe i ofc (#£3), 0.04 ppm NO, X DSR2 IT
O L 2RI RE A MIE X 2B LFED AT, 0.4ppm NO,OWEIF OsiC & 2 BIMZNHR
AW S, o0, oBMRMAS 0 L 28R L NOC L 2ETHRLE %
MSTL TR, BRECITESEZEI R TREETRL T2, RE 2 »2AHCEEZI N
F b 794 P-450 SROENE, NOBNEFCEELTsY, RHNSBTOEAYMR, 3
Wik NOFEAKSRE THED & IGAR L REEEETREBL THH00 b Ltk

gD 2 70y — A8, 0.8ppm O:DABRR L - THHICE T3 2 0858 S »cBEY
AU, HEIERED O, BEANEE CRHEESBRES LWL, L LEss, KIFROER, S,
0.05ppm O, RIFMBETRF b7 UL AR L RUABEEOET T2 J EAES TR -
1z (F ), COERER, O,0~LGRIMEERMERE O.0RHMBE TRR T 2 et v ™R
LTwd, 200 & 2EFI NO,OBINC k> TERE i, —7, GZRUGIHTIRE >
oY - ADMDERSOETHEE SN, Licsi- T, NO & Oz o 3 7 oy — L5
LETESH2ERAERTH, OV ARMILVLTFRAT2 82002, BE 2 2HEC GO
3 raryRYTHRABRENS EFEEESR L L3, GIFTIRNO E O ko
EEEETINENHL IEERLTVED0b Lk,

EMEORER P S, REE NO L O,0HEERFEZEC VT 2 BT EHIRORESR, ¥
Y2 EERUFEI 7Y —AEHOY o8 BEN, GLEETEIMER R L, O.DFIRE K
FLTHENT 22 enBlehtofz (] 5, JOBERE, BB THEDEEENE >
FeEIREME A TR L T h,

BRO 70y — A, BERtERED NO - OBMH /MR L - THMT 52,
0.05ppm O;OEHMSEB BT HRAROESFIEE SN, NO,OERNE ZOERLES ¢
(D), LinLiss, _y v kB bEER N IEB-F b 7 0s c BIBREED LD
iZ, NOC L3 ETFTHREEZORIZBEROBEENT,

FREOEEE, BEE NO, & O,0EMSEC & DIESEAER S EHECEEL, 20K
i RREB BRSO THE I EERLTVENOE O.0BEFE L OFEMIIL TS
ATHEMEATTRIB X ALz, BRI, BRI 7 oY —A0EMAHROECREEZ TH Y, REEEAYV
NEREMORBOBRE LRBOA~7 7 L0 EffENB L E2 515,
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Table 5 Changes in the membranous components of kidneys

Exposure Concentration {ppm)

Exposure
. G2:0.05 ppm O G3:0.05 ppm O
Period G1: 0.05 pp 3 PP 3
Control 1005 ppm O + 0.04 ppm NO, +0.4 ppm NO,
Homogenate protein (mg/kidney)
aM 24118 234+1t4 { 97) 244+ 5 (101} 241+ 6 (100}
22M 33218 337+15 (102) 35917+ (108) 366431 (1Y
Microsomal protein (mg/kidney)
oM 42.9+5.1 450430  (10%). 46.0+3.1 (107 47.0+2.6  (109)
22IM 66641 TLIE2 (107 68.9+t59 (103} 7334514 (110)
Cytochrome P-450 (pmol/mg homogenate protein)
oM 046+0.16 0.59+024 (129) 061011 (133) 0644004 (158)
M 0471016 0461015 { 9% 038045 ( 80y 0.40+0320 ( 34)
NADPH-cytochrome P-450 reductase (nmol/min per mg homogenate protein)}
oM 8321049 9364057 (113) 845+0.76 (102) 8284048 ( 99)
M 110109 11.7+1.6 (106} 119103 (108) 12612 (114)
NADH-cytochrome 55 reductase (nmol/min per mg homogenate protein)
M 18.6+0.6 204419 (109) 21.9+£18* (117) 20616 (110)
22M 32429 317+£36 (105) 0AE29 {9 N3IL2S (9h
7-Ethoxycoumarin Q-deethylase {fmol/min per mg homogenate profein)
M 157£7 7 183.£35 (111) 15722 ( 95} 192+12 (122)
12M 141 £52 174+ 51 (12%) 164+ 50 (120) 13815 [ 9%)
Benzo{a)pyrene hydroxylase (frmol/min per mg -homogenate protein)
oM 203135 lo6 k32 ( 82} 158+ 31 ( 78) 1562 16** (77
1M 91+ 10 97+ 11 (106) 94+ 3 {103) 8310 ( 84
Succinate-cytochrome ¢ reductase {(nmol/min per mg homogenate protein)
9M 245419 288x3.6% (118) 257137 (10%) 280420 (114
22M 20.1£438 298+25  (102) 2591225 (B9 33+14 (19

Values are expressed as the meanSD (n=+6 for 9 M and 12 for 22 M)
*p<0.05, **p<001,

5 B X &
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TMAEER A/ OEERARENF Ty PCRETEE IX
— mRTIA T —CIIRITTRE —
Effects of Long-Term Exposure to Nitrogen Dioxide and Ozone on Rats 1X
—— Effects on Alveolar Macrophages ——

BTS2 &
Katsumi MOCHITATE! and Takashi MIURA!

£ §B

Fw k(61 1< 0.04 ppm ¥ 721k 0.40 ppm NO, 4005 ppm O, (8h/d) % 2 »FHE
GRBEL, M~ ra7 R T BELRALL iR~ 07y — o OMEEE,
BmInBETHE, 0,04 (GI) RUr040ppm NO, ZRE L (G)) BERTERER
iy, 2% 2 2AETH, 004ppm NO, #ES L (G2} HRUGIETHEECHEM
Lz

S5 H B 8T 813 & Escherichia coli, Salmonella typhimurium B (F Pseudomonas
aeruginosa IZR T HBEEN R, TATORBIFT& L MR 0.81-0.83, 0.80-0.83 e
0.71-0.81 i HEFIC(ET L 1=, Candida albicans 2347 5 H@EMS L, GL G2 RU G3IHE
& A SHRIED 0.65, 0.52 B 180,18 i NO, JHEF I ER L TET L.

DEoEES» s, Hiv 7 u7 v —YOMIRKESBREEER, Jhos0REC NO, RU
O, ik » THEETIL I EAESITE >, £, C. abicans T 2 BHE M
iZNO, & O, DHEEH AR L2, BEL{We N,

Abstract

Male Wistar rats (6 week-old) were exposed to 0.04 or 0.40 ppm NO, (continuous
exposure) and 0.05 ppm O, (8h/d) in combination for 22 months and atveolar macrophages
were collected by pulmonary lavage to examine the effects of NO, and O, on the cell number
and cytekilling activities. On the 9th month, the number of alveolar macrophages increased
to 1.28-fold {G1 group: only O, exposure) and 1.32-fold (G3 group: O;+0.40 ppm NO,
exposure) those of the control values, respectively. On the 22nd month, the cell number also
increased to 1.25-fold (G2 group: O, +0.04 ppm NO, exposure} and 1.26-fold (G3 group)
those of the control values, respectively.

On the 22nd month, the bacteriocidal activities of alveclar macrophages against
Escherichia coli, Salmonella typhimurium and Pseudomoras aeruginosa decreased to 0.81 to
0.83-fold, 0.80 to 0.83-fold and 0.71 to 0.8i-fold those of the contrel values, respectively, at

1. EMAEWRTT BSEER T 305 FRED OFHAEFII6E?2
Basic Medical Sciences Division. the National Institute for Environmental Studies. 16-2 Onogawa, Tsukuba,
Ibaraki 303, Japan.
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all exposure groups to the similar extent. In contrast, the cytokilling activity against Candida
albicgns decreased to 0.65-fold, 0.52-fold and 0.18~fold that of the control value at G1, G2
and G3 groups, respectively, depending on the concentration of NO,,

These results indicate that even these levels of NO, and O, affected the cell number and
cytokilling activities of alveolar macrophages and that the most obvious combination effect
of NO; and O, were observed on the eytokilling activity against C. albicans.

1 @gesic

TV (0;) RUZBREEFE (NO,) i, RENZALGEMETHY, HilarEEr 515
SEPHIONTWETY, fifgvr o7 »— SEMEICHET 2 20, TROBICHICEAL
FeRAE D S EEETHET 2 BEED 2/, BBED O, PNQ, KL > TEEEZF -0 bt
HohTwd, Lbl, BEETCOILEEEY ALY 07 7 — JORBEE~D
BRI, ErACHOR TRy, IRETEHESIR, BRE0.2ppm 0: 0 E-T, fila<s
Q77— YOREEER CEEBRRERREENMEE 2RI AT L RIS AT UL, BRFZRTI,
JOBREROEBEICE Oy RUNO, K& 2 BEER~OBEBC YL TREL,

0; B NO, ik /2, BfgNO~ 727 7 — A RSE 2992 L 3FbhTnd, BE
SHINKT, <y o7 r—YORMESHHRAMROMNEFEL T2 L2 R0
U, COREE LTl SR~ OEENES OREFE R > T 2 T D LTI L
PR RHETH, X BEEO O, RUNO, k- T~ 7 a7 7 — ST 2 533
kLD, IORECEGMEEEARAOBEOTHEEC DLW TREERA T,

2 K &
RBETER, WX [Ml~2 07 7 - JORFEFECRZTA /o8 (1] WeABETH
L507T, B4 R50HEET 5,

2.1 RBHFERUCEBEOHY

10 EE—#F L L7z JC1: Wistar RHEZ > b (6388 12 0y RUUNQ, # 2 2 HBRE L7, B
B2, O; 04D G1IBEM, 502 0.04ppm BUF0.40ppm NO, %2 0, B L G2 Kk
GIEBEHOZMEETIT 572, 0, i, BX0.10 ppm, # ORMOELMEDS 0.05 ppm K22 L 5 &,
WE 2 IERHRCH > T 7o 77 A THREE U, NO, i, BEEEL 1, SRETEE
HEEAKTRrAR LKL 7 v FITCEE £ H136mM NaCl—5.3mM KCl—2.5mM Y > B
W—5.6mM 72— R 10 mM Hepes 2% (pH 7.4) #EAL Tl s# L, M~ 2 o
Ty —YERRL:,

flifags, EE 9 um DLEORE X OME T—Ly — Y v 5 —CEHIL 72, MO SRS
i, FYSSTA—BEREBEIC L DHEEL 2,
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2.2 BREEHORME

*H-o Y 9w 0B\ 72 Escherichia coli K 12, Salmonella typhimurium LT 2, Pseudomonas
aeruginosa B U Candida albicans #FAWC, i~ 2 97 7 — Y OREFEE R HE L o 80102,
E. coli, S. typhimurium, P. aeruginosa U C. albicans &2 [5-*H]> U > (5.0 uCi/m!,
0.19 nmol/mD £EIL 7o Mo+ R Y 27+ o, PAS RU YNB &REHICBBL, 30°CT 18 #
MlA v da—yvarydsI ik,  H-7 S CEBLIHMEDZAML 2, *HEHL:
MAEIE, 0.959% NaClKiE T - 2%, D-MEM—10mM MOPS (pH 7.2) @ EEL,
BEEMEOBAE R, K, BlRx7a7y—VE7vA r¥a——va ik, #EYE
fifg~< s 07 7Y OF2100, 200, 50 BU* 15 FERIFML, WEDBE R 30 530, C albicans
DIJ/E I 120 HRIRFERICE T > 7o RERICKRTRO 7 07 7 —JOEFICE, 0.15% 74
Fra—nEERO,

E. coli K12, P. aeruginosa (1AM 1514) 3 R A IC RS EYIRFEER, S twphimuriuom LT2 2
BRI RS MEHTIERE, C albicans 966 tRiZ AT B REEA T BEAEH M ERSERS
BRI DO R ORI,

3 & R
3.1 fifav 2 n 7 »—L oML
BEBRENO 1O, HEeEHEB LM77 v — Y OMRBOE( 2R LIZTR L, ff

#* 1 BBEA YV CRUCEBEERES 2 0EREB L5
fifg~ 27 27 7 — Y ORRRKOEL

Table 1 Changes in cell number of alveolar macrophages by 22
months exposure of rats to low level of ozone and
nitrogen dioxide

Exposure Time Cell Number (% 10 cells/rat)
(months) Control Gl G2 G3
9 6.55 + 1.07 8.39 £ 0.72* 735+ 0.68 8.65 + 0.82**
(1.0 (1.28} {1.12} {1.32)
29 795+ 1.16 878 £ 1.59 9.96 + 2.20*  10.04 £ 1.36**
(1.00} (1.10) (1.25) (1.26}
s P<0.05; **, P<O.0L
Exposure Time Viability (%)
(months) Conirol Gl G2 T G3
9 92.1 £ 26 §9.5 + 3.8 90.8 + 4.1 89.2 + 42
22 973+ 1.1 971 + 1.1 973+ 1.4 970+ 1.2
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fReze7r—YOifflEEus, EFI»AETH, GIRUVGIMHTE 2 oflEiED 1.28 &KUY
LRFIERCHENUA, 2, BB 22»A8TH, G2RUGIHTELL.25 18R U 1.26 &
CHENIEML, £EMEEL GIHIEIRVERR T,

vru7 r—VOEFEERD, BERHINBRTEIRS SN0/,

3.2 MlRv/R7 7 —-CoREEEOEIL

RBE2rABCBU M0 7 r —YORMEMHOR{LER2ZIIR L, ORI,
Escherichia coli, Salmonella typhimuriym, Pseudomonas aeruginosa R Candida albicans %
F2H BT, 34500, 27200, 70500 K27 55000 dpm #RA0L f- Mg, RIGH EREHCEIT L 2 IE®O
SH 4 2MBicn T 28&T%FETL I, E. coli, S. typhimurium R P, aeruginosa W35 §
ZEREERR, TATORBRTREZRABE W, 48D 0.80-0.83, 0.81-0.83 B~
0.71-0 BLIZIZHEICE T L, UL, C albicans (X T 38EEMNE, G1, G2RUG3#
T, &2 FEBD 0.65, 0.52 XU 0. 18 BT L, NO, DBEDCEMLE £ b ITREEENHD
THIZEMELNE T,

#*® 2 BEES YV CRUCBEEERHES 22 PAEEICLZ
Bija~ 2 a7y — v OREEEOEL

Table 2 Changes in cytokilling activities of alveolar macro-
phages by 22-months exposure of rats to low level of
ozone and nitrogen dioxide

cytokilling Activity (reteased *H/to1al *H, %)
Microorganisms

Control Gl G2 G3

Escherichia 197169 329 £+ 34" 321 + 3.8+ 325 + 2.5
coli (1.00) (0.83) (0.81) (0.82)
Salmonella 224447 18.5 £ 2.8+ 18.1 + 3.1* 17.9 £ 2.7*
1yphimurium (1.00} (083} (0.81) (0.80)
Psendomomonas 174 + 2.8 13.3 & 2.8+ 142 + 3.7 124 £ 2.34**
aeruginosa (1.00) (0.76) (0.81) (0.71)
Candida 133+ 43 86+ 27 6.9 4 34%" 24 + 1.8
albicans O (LoO) (0.65) (0.52) (0.18)

Total addition of 3H-uridine-labeled E. ¢ofi, S. ryphimurium, P. geruginosa and C.
albicans : 34500, 27200, 70500 and 55000 {dpm), respectively.

Basal release of *H from £. colf, §. (yphimurium, P. aeruginosa and C. albicans ; 44.6,
35.2, 39.7 and 74.2 (%), respectively.

Cell ratio {microorganisms/me) : 100, 200, 50 and 15, respectively.

* P<005; **+, P<0.01 and ***, P<0.001.
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Goldstein %43, 2.5 ppm O, 5 BEERZE, H 2203 4.1 ppm NO,+0.36 ppm O, 4 BRI E
£, fiflwr a7 7 - VOREEENVET T8 2 L 2WEL T35, RREEORT [
Mezo07 7 —VOREFRECRETAH VY OBE I VRCI?] wBwT, LVEBEDOI.2
ppmm O, 5#EiE 2 BAMSETE I L - T, Candida albicans 5 Pseudomonas aeruginosg =34 32 8BH
EHREETCETT 22, RUEEES v T, BiZ Escherichia coli % Salmonella typhinu-
riwm T AEEEELAECET TS L EHRE L, RETH, ECERED 0.05ppm
0, Bh/d) MIR 2 AR L -TYH, IhoDEERENCRT AR~ 07 7 —v 0
HAEEEAERRET Y2 2 Ll hiche o7, BEORORK LAMR TR, BHRBREFRLERE
KOWTRE TS hh ok, IhETOWEL»S, BHEBRERERCKTR, BEEERLO—
EThd e, 2LTERT v P TR, R~ 07 7 — P ORFEER USSR RREALE N,
O JEBE Lo T—BEELZIPTHIE"HALHIE > ThE, LicdioT, KFEiz s
e~ 707 » —YOEHAEEOETO-EE L TR, EUBERERCETAERIEE,

C. albicans WX+ 2 EEED A, BELE NO, ¥ ABBOBEME L LCEL (B L,
FETHNREEIEAED DD Fikid, MEYHREDTY Y V- LABEIC L 5 MELE
BT THEEE L TR o n Bl FE LTV, 5/, N0, 0, BBt X - T, fila~v s o
Tr—YO) Y- AEROEENEL L, BiEkeE RO Y v - LBREE ST 5
JEBRHSNT WS, Lo, C albicans DX 512, E&%ﬂﬂ@_f’@mﬁﬁﬂ@@%ﬁb’(u
LWAEYR, TR TY ? ARMETH 2 MMOIBEBED LU T, VY /—ABRC LS
SERZTHOTDI, NOAO, HERBK LAME~ 707 7 =200 VYV — ABREOEEE
TOREEES L DB RO LHEILE Y, TR L, C albicans T AREEEOEL
WET R, ¥ARBESTREEREYO C albicans W 2 BBREREOETs T Ha v 2,

INET,NQ, O, OB AN I T, WRR R~ a7 r — VBT 2 Z L5555
NTW»a, MWLy E7:, 4ppm NO, 7 HHISEFE L 1.2 ppm NO, 3 »ARE™, $2 4213 0.2 ppm
0; 3HHIBZE' " 0.1ppm O, 7 HRBE X - T, Milg~ 707 7 — V80T 2 2 & 284
Lize ARFFEORERE, HEW(ERED 0.06ppmOs (8h/d) ik ->T 4, MR IO7 7—
PUEEMTAIE, FLTIOZEE, SEE3I0BEDOO, 2Hr LTERLTWA I EEF
2,

50 B X #&

1} Eschenroeder, A, Q. (1977} Atmospheric concentrations of photochemical oxidants. fn: Ozone
Photochemical Oxidants. Committee on Medical and Biologic Effects of Environmental Pollutants.,
Division of Medical Sciences Assembly of Life Sciences National Research Council (ed.), 126-194.
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H-10
TRAERAV  OESRBIRERECRETESR

Effects of Subacute Exposure to Combined Gases of

Nitrogen Dioxide and Ozone on Immune Responses in Mice

HEFH
Hidekazu FUJIMAKT

® B

TEMEER (NOY) k3 (0,) CHAMNESEELVEROIBELR I RIZT ZE
PR 2 1 ORI LT o1,

BALB /CEE??XF_ 4ppm NO, & 08ppm O, # 3 E, 7TH, 14 OMESHSEEL,
fols, MROBIEHOLH, v BUATKELEREOE I DLW TRELL, 20
ER, B, vioRfsdi wThoRBAMTOERCETL, Hcld, TEHRESE
Thot, ¥, TATORENN THEBEROMMS S Shl, FRILE (SRBC) fiR
T B FUSE SRR DT O NG E SRS L T oFEROEE THEN A E IS, T
~RTOBRBECHAESBRBOEELE 25D 60, IPOFDs < TET OM
% nL, BeREB 3 AE CRAERETHA S, DNP-Ficoll FiRIC 72\ F 2 Ik
SR AR, MEREEHREOH R s T, 28 W BETEIME s R,

ThoDERE, MEIONO, H2 iz O, DHEY ARBOBR LMK TE L, HoR
Bl oESEHERCSLTHELLEERALNS OO, FBEEZSOTE, &7
HIERE CAEREOHE CH T2,

Abstract

To investigate the effect of subacute exposure to the combined gases of 4.0ppm NO,
and 0.8ppm O, on immune responses, male BALB/c mice were continuously exposed for 3,
7 and 14 days. The wet weights of spleen and thymus in the exposed mice were decreased
significantly in all exposure periods. On the other hand, the wet weights of lung in the
exposed mice were markedly increased. In spleen of the exposed mice, the numbers of anti
-sheep red bloed cells (SRBC) plague {orming cells (PFC) were decreased in comparison
with those in control mice. The numbers of anti-DNP PFC in the exposed mice were not
decreased for 3 and 7 days exposure, but slightly increased on 14 days exposure compared
to controls.

Compared with previous our results by a subacute exposure to NO, or Q,, subacute
exposure to the combined gases of NO, plus O; severely affected the wet weights of spleen
and thymus, but did not shown the marked suppression of antibody responses.

I EiuoHE i BEAEEE T 05 WEE-o FHEHI eE2
Basic Medical Sciences Division, the National Institute for Environmental Studies. {6-2 Onogawa, Tsukuba,
[baraki 305, Japan.
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HWEOATER & D ERSH I HER, VFARYE, HriYECEen 35 OYHOHE
BREOEBRLY LTHAZLOTH S, BRI I g TW, £EOMIEHEE | IgM, IgE ket
RE, BEREBURIGS S Iz NO, 2 0vid O, O#LMY 2 BB OMEI D0 THRE L9,
iz, B 2B EEREL2HE-> TR~/ 07 7 —YCRETRERBCDVDTHES
DHMEM DN BT Y,

U Lasis, NO, & O, 0EEERO RS RIS i, BRERT T 2
SR RRFE L7 Ehrlich & OFRE™Y LIS i3 H % bk {, FERR Mo CRA AT L 5, ATF
i, FUREERICKIZTT NO, L O:0EEN ARBECRESMEL, TN ETRLOHMAY ARED
RO ERE L TiTbhi,

2 HEHE

HEHYE, BALB/cHiw v A (8~12i58) £BAAFv— LR U — () L DBAL, fH
A2, SEHBE AL,

NO, ¥ O, D88, chiTikHELLERNEY T, 38, TARY 4 BEIT-7:, BRER
Ty Ak LR LBEROBER T, HHEAEORTE IR 0 2L <HEE LT ¥ERD
Bk (5RBC) & DNP-Ficoll #H\v:, METOHMGESMBEEOE T (PFC) & Mmoo 8
5 (HA) #$8BE L TiTo%,

3 RR:EE

4.0ppm NO, & 0.8ppm Q, OEESH A 3H, TARY 4 HREASB I X 2FH LI, U, M
B2 ZhOBBEEOELERICR L, KBR TR TORBEHM OB L THA LT
Vatz, BEERICDWLTE, MEEERUHFEILE VEERENBA o0, BT, BEER
TATOBEMRMTHY L, AFEED 3 HUSF TR A Sz, BETE, BEFETRT
ORBEETERCRS L, KELLY, 3HE, THETEA BRI, ChoiEERE NO, $
2l O DRMY R BBORBR L HE L OSE L Th 2, (a) i DIEERIC 517 248, (b)
BB B 2EERCEHLBLLLOTHIL, WIROBSLHL»C, HEYVARED
BEN—FBHBEORENAE V, LoLiss, 30, 7THRSE -, 14 EHSE THREED
fHE D S HEMICH 2 Z LD S LD,

&85, SRBC & DNP-Ficoll DHIF 2#EL, FAESEE2HELLRESR 2 10RL
TH%, i SRBC MAEL R, PFCORTRTNTOEEHTCHEMLE~ETLTED, HA
T, 39O AEERE T A SN, i, FfiDNP REELS B LT, PFRCOKTIR 3 H
B, 7HE: bAER - HATESA S RT, 14 BHSE TI320s4 Sz, HA T, 3
ERBETEEETL TG, BEALENZ NPT,
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E&3H, TERUV M BEREC L 2FH i, Vi, Miksh

# 1
ThOBEROZEE
Table 1 Effects of 0.8ppm O, and 4ppm NO, on lung, spleen and thymus
in mice®
B Lun Spleen Th G
Day w?g) Wit mgg) Wt /Bwt wf (m) Wi /Bw wl”(“;f) Wt /Bw
‘ iD
control 26.310.6 158.0+2.5 6.021£0.13 103.8+£28 3951£007 47.7+3.3 1.82+0.13
exposed 1955060 2268198 11L.71+0.65+* SE7+22%  268+0.16 132410 0.6810.05*
‘ D
control 26.9+£04 177.7+£4.6 6.62:+0.22 105.0+6.3 3.921+0.27 506+3.4 1.88£0.11
exposed 21.8+08%* 2518+24.6* 11424£0.71** 79.2+7.0* 3594019 116+0.7** 0.531£003
‘ 14D
conkro| 26.610.4 [56.8+1.3 590+0.10 97.7+44 3.66E£0.12 400421 1.50+0.06
exposed 23.7x0.6**  2100+64** B80+0.36** 81.0x3.1* 344018 32.5+2.1* 1.39+0.12

a Each value represents the mean+ SE of six mice

b Organ to body weight ratio

« P<DO5 » ¢ P<00
08074 03« O—O
40P )y: @
03+ M « ©—0O
(A) (B3
150 150
-2
100p 100} .
R
g 2
o &
0 ) 1 "l 0 | ! 3
3 7 14 3 7 14
DAYS DAYS
Bl 1 O8ppm O; & 40ppm NO, QHIY XA BE L WEH ARE LD
(o) Ul & (b) BB B i RO ¥ 8 o b
Fig. 1 Comparison of the effects between a single and a mixture of O, and

NO, exposure on wet weights of (a) spleen and (b) thymus
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Table 2 Effect of 0.8ppm O; and 4ppm NO, on
antibody response in mice

Ami-SRBC Anti-DNP

Day PFC < 1(®/spieen HA PFC % 10?/spleen HA
3 control 18517 8.4+4.1 252417 0.3+0.2
exposed 111421 7.91:0.2¢ 278£32 8.4+0.2*
7 control 132+ 9 8.2+0.] 26320 9.6:£0.1
exposed g3t 6** 7.8+01 268+ 16 9.8+0.1
14 contro!l 162+ 7 8.0+0.2 227+17 9.7£0.3
exposed 954 10** 74402 342436 9.3+03

* P<005  » + P<00L

ik 4L (PFC) ~0OEE&Y AH 50 i3HERY AREOBEL L L0, M2TH
%, (a)@F SRBC PFC Tif, HEV ARBOHE YL 0, HMBEDIHE & 1TIZRERHROIMEHE
B SIS, (BYOF DNP PFC TiREE L A YENALNT 14 HEBB TPt 2 @R
stz

PLEORSEE Y, BSL LT, HEYARBREMY ARRC A CEEN L DT ER
pRsNA, MEEAECEL TE, BIFERT ARE LRBEOREERT bl

Ehrlich &2 i, Streploccocal prewmonia T 2IMEIC DT, NO, & O, DESH AR
B, M ARE L0 LV EIIFIT A L REE L, ChiEd, RO L AL TORB
Hy—BT 5, FARELAORERDIL L, TRTUORIGHESH ARE T X VBN, HRAZ
RIG%TTbiI Tz,

NO, & O, DEEHF AZRBE TV, Aranyi 593, 0, & SO, ® (NH,),80, L nZEE0
BE, TR Rz THEE, BRS8N 55, HaRETRAET &
WA XA E ERIERSAONL I EEREL T B,

RIERIES O 8 F5% L OMEOE TS, FADBRSECLYRENLASH, RAO I
TOFE-e ¢, 0, BB TR, BHEKES, THRSEEL»ZHRT LI EMNELIIEST
BY, HERB0REETHT S LTY, RESECHET ZHMRE TORZEROZEIODVWTDE
CELLIENLEERbN S,
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5)

6)

n

BERET O REREC T TRE

0.8PPH 05 o—0
i.0PPM Mb: *—e
05+m2 : O—-@
(A (B)
150 150F
100‘- /\. 100”
=
5
<}
50 [ o3 501
Q 1 | T r) 0 t L N
3 7 14 3 7 14
DAYS DAYS

2 08ppm O, x 40ppm NO, DEBFARBEL-ES VI ARELO
(a)#i—SRBC & (b) fi—DNP fifkE 41 Bid T O b

Fig. 2 Comparison of the efffects between a single and a mixture of O,
and NQ, exposure on (a) anti—SRBC and (b) anti—DNP PFC
TESPONses

50 B X ®
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Effects of Subacute Exposures of Nitrogen Dioxide and Ozone Alone

or in Combination on Xenobiotic Metabolism of Rat Lungs

EEH = e =i
Yuji TAKAHASHE and Takashi MIURA!
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ICL: Wistar BT v + i 0.2 ppmO, & 1.2 ppm £ 7243 4 ppmNO, % 120 5 30 A
His o wiidEeRELRO RSB CT s 2B+ F~ MohEdH—FF A3
& EEti3 4 ppmNO, K17 0.2 ppmQ, HIESE 3 2 A BT HEEO 11055 0 115% & 58N
L7zo B, 4 ppmNO, & 0.2 ppmO, OFESRTIC X 0 RO 120% 0L, Mttty
F— 2 ERIESEEIC L VNN 2ERE R L. 220 —ABS
OF w87 GEKE U NADPH-F + 7 0 4 P-45) BTRREEEH LT NO, & 0, DESE
BRSO Bk ot, F b7 ok P-450 (P-450) &8, 0.2 ppmO:2#H 1 »2HBK
PEERED 192%I2 8L 77, 4 ppmNO, k0.2 ppmO; OE SR B/IEO P-450 R W R
D 19%THD O, MMBERULATH I L, 2B 2»AEHCEAHROELLyED o
120

AR kLR (AHH) R T-x b vy < ) v FALEERE (ECDE) 1§
13 0,2 ppmO, HIMBEIC L OMNL, 4 ppmNO, HRBAFIT L 0BT LIz, NO: £ O,
DESRBI LD AHH R 1F ECDE i5tid NO, 2723 O, BIREM OB PR OME
%7 L, NO, £ O, DH&SEZ AHH R U ECDE {E s L THERFICIEAL 2o 77
Y vkREEEER (CH) B NO, 2010 O, BIMBRIC L NET LA, NO, £ O, 5
SBBE L7y VO CHEME NO, BBEOBEELEH D 2, HEMRTHL A
Tkdhol,

Ihs ki, NO, & O, & BHE L ES, NO, 0, 37 v Mlid BMHEHT i
ILTHERATLIESTBL T3,

Abstract

Male ICl: Wistar rats were cxposed to 0.2 ppm ozone (O,) and 1.2 ppm or 4.0 ppm
nitrogen dioxide (NO,) alone and in combination for 3 months to examine the effects of the
single and the combined gases on the microsomal xenobiotic metabolizing systems of lungs.

|, BERAEWES BRESAR T 305 3RS OZHAEN 16 E 2
Basic Medical Sciences Division, the National Institute for Environmental Studies. 16-2 Onogawa, Tsukuba,
Ibaraki 305, Japan.
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After | month exposure to 4 ppm NO, and (.2 ppm O, alone, the protein content of
homogenate increased to 110 % and 115 % of the control value, respectively. By exposure to
the mixed gas of 4 ppm NQ, and 0.2 ppm Q,, homogenate protein was additively increased
to 120 % of the control value. The protein content of microsomal fraction and activity of
NADPH-cytockrome P-450 reductase were not affected by exposures to NO, and O, alone
and in combination.

The cytochrome P-430 content increased to 195 % of the control value after | month
exposute to 0.2 ppm O, alone, After 1 month exposure to the mixed gas of 4 ppm NO, and
0.2 ppm O, the cytochrome P-450 content increased significantly to 169 % of the control
value. The increases were much greater in an exposure to O, alone than that in exposure to
O, and NO, in combination. A similar change was observed after 2 month exposures.

The activities of benzo (a} pyrene hydroxylase (AHH) and 7-ethoxycomarin O-
deethylase (ECDE) increased significantly after 1 and 2 months exposure to 0.2 ppm O,
alone, and decreased after exposure to 4 ppm NO; alone. During exposures to the mixed gas
of NO, and Q,, the activities of AHH and ECDE showed the intermediate value obteined
by exposures to NO, and Q, alone. The coumarin hydroxylase (CH) activity was decreased
by exposure to NQ, alone. Effects of combination with Q, on this activity were not clear.
These results show that the effect of O, on lung xenobiotic metabolizing systems forms
contrast to NO,, and show that an increasing tendency of xenobiotic metabolism after
exposures to Oy is lowered by combination with NO,. And those changes may be due to an
independent action of these two gases on the lung xenobiotic metabolizing systems.

In conclusion, the exposure to the mixed gas of NO, and O, had additative effects on
xenobiotic metabolism of rat lungs. We shall propose model expression which explain effects
of exposures to NO, and O, alone and in combination on xenobiotic metabolism of rat
lungs.

1 [UxiC

F b7 3 4 P-450 (P-450) R UM% DFETTERE, & 4 5 BRI, £HCED AR fgEE
LEMEOESS T RONBR L LTOMFEREE2E L TwaY, BBERICEET 2 (LEW
H) 0% rEz2LT, CORMREIEETH S, KEPCHFET2EELAF 5+ TH
LRMEEE (NO,) o4V (0. DEMBESMOBMRBMRCEE RS I L0 IHE
TORZOWRTEHLMCESNTERYS, Thbb 1.2~6ppm NO, # 4 H~3 »AMZ v b2
BETAL -2 by o) vl FA{LEE (ECDE) @M kU2 =Y kiR (CH) &
HAHET L, NO, DEE % 10—15ppm T & LR 2EOREREH MR T P40 &F L~
VL kbR (AHH) BiEsMET L2, &7, 0.1~0.4ppmO; % 1 8» 5 30 AHERE
T2k P-450 28, AHH EUECDEEESN LE L2, 4E, 0.2ppmO, £ 1.2ppm F 720 4
ppm NO, %5 v Mc b 2 WidHERE L, HORMRMRICEZ D NO, & O, D#EHGRE
AL,
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Fig. 1 Changes in protein contents of lung homogenate

Male wistar rats were exposed to filtered air (A), 4.0 ppm NO, (B}, 0.2 ppm
O, (C), 1.2 ppm NO, + 0.2 ppm O, (D) and 4.0 ppm NO, + 0.2 ppm O,
{D) for 3 months. After exposure, protein contents of lung homogenates
were measured under the section of the materials and methods. Values are
expressed as mean *+ SD (n=46). Significant differences between control and
exposed values are shown as *p < 805, **p < 0.01, ***p < 0.001
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Fig. 2 Changes in protein contents of lung microsomal fraction

Experimental conditions are the same as in Fig. 1. Significant differences
between control and exposed values are are shown as *p < 0.05.
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B 3 FbF2osP-450380%L
Fig. 3 Changes in cylochrome P-450 conténts of lung microsomes

Experimental conditions are the same as in Fig. 1. Significant differences
between control and exposed values are shown as *p < 0.05, ***p < 0.001.
And significant ones among groups exposed to NO, and O, alone and to the
mixed gases are shown as ¢ # p < (.01, ¢ ¢ ¢ p < 0.001,
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Fig. 4 Changes in activities of NADPH-cytochrome P-450 reductase of
lung microsomes
Experimental conditions are the same as in Fig. 1. Significant differences
between control and exposed values are shown as *p < 0.05, **p < 0.0L
And significant ones among groups exposed to NO, and O, alone and 10
mixed gases are shown as # ¢ ¢ p < 0.001.
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Fig. 5 Changes in benzo (@) pyrene hydroxylase activites of lung
microsomes
Experimental condition are the same as in Fig. 1. Significam differences
between control and exposed values are shown as *p < 0.05, **p < 0.01, ***

p < 0.001. And significant ones among groups exposed to NO, and O, alone
and to mixed gases are shown as ¢ ¢ p < 001 and ¢ ¢ ¢ p < 0.001.
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Fig. 6 Changes in T-ethoxycoumarin O-deethylase activities of lung
MiCrosomes
Experimental conditions are the same as in Fig. 1. Significant differences
between control and exposed values are shown as *p < 005, **p < 0.0!
and ***p < 0.001. And significant ones among groups exposed to NO, and
O, alone and to mixed gases are shown as ¢ p < 0.05, # ¢ p < 0.01 and
e e p < 0001
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Fig. 7 Changes in coumarin hydroxylase activities of lung microsomes
Experimenal conditions are the same as in Fig. 1. Signficant differeces
between control and exposed values are shown as *p < 0.05, **p < 0.0]
and ***p < 0.001. And significant ones among groups exposed to NO, and
O, alone and to mixed gases are shown as ¢-4¢ 4 p < 0.001.
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TEEI oI THRAPBLERBRELRBLTWLE, N, E O, H#ERBE 1 RU20AHD
P-45044, AHH BUf ECDE iS{Eid NO, & O, SUbSBa 0 hiiE 25 L, © A5 OfRIE,
NO, » O; DRMRIRICHT 2 BRI L T,-U b b, MFENCIER Ute fo oSSR a5 iR
BicHnizbEEL NS, ZORESRIBIMROER L1 60D, CHEMCHT 2

— 146 —



AONAHACREZTHSEANEROBE

NO, & O, DESFE I NO, BEOBG AR TEH -7, TOFRBRK DL TEES TR,
NO, 281 £ 9D AHH, ECDE # L7 CH @i BT 2 A, 0, EHEic k9 AHH K&
Uf ECDE it i 8805 2 Aa~Bb Uiz, LaL, BB+ 2 REMOMEMEME (%1H)
ENOEUVO,0BEME LI ESBERD TR TOHETAHH>ECDE>CH T H - 72 (£1), NO,
BUQ, nEfi g £ 3MERE W L -» TEORBONEH®LSFE CIEF TEL L 2 BEO—D
ey NO, & O o8+ 2B AL LTOREZLIZLDTHS 2, Wi, B—8BHO
AHH, ECDE % L T CH OHf{fHiEHOEBERELHEL 2 (R, TOHR, FB 1RV 218
BT, 4ppm NQ.+0.2 ppm O, > 1.2 ppm NOQ, +0.2 ppm 03> 0.2 ppm O3 >4 ppm NO, O IHF
THY, B8 3»HETHE, 4ppm NO,+0.2 ppm O,>>1.2 ppm NO, +0.2 ppm O, >4 ppm NO,
>0.2ppm O TH ot COFFRER LV AORLEL L BIFE—-THY, EREHD AHH,

= 1 RyAREEE O E O )
Table | Changes in relative activites of xenobiotic metablolism of rat lungs
during exposures to NO, and O,

Percentile activities of

E;E:;::lre Groups xenabiatic metabalism Mean j:?i?;i
AHH ECDE CH
Contro} 100 100 100 100 —
4.0 ppm NO, 90 69 43 67 19.2
| month 0.2 ppm O, 145 137 75 119 32
1.2 ppm NO, 148 130 70 116 334
+0.2 ppm O,
4.0 ppm NG, 128 114 41 94 38.1
+0.2 ppm O,
Control 100 100 100 100 —
4.0 ppm NO, 77 57 26 57 221
2 months 0.2 ppm O, 131 120 75 109 242
1.2 ppm NO, 127 112 68 102 250
+0.2 ppm O,
4.0 ppm NO, 102 85 29 72 31.2
+0.2 ppm O,
Control 100 100 100 100 -
4.0 ppm NO, 98 58 36 64 25.7
I months 0.2 ppm O, 110 104 63 92 209
1.2 ppm NO, 110 92 43 82 28.3
+0.2 ppm O,
4.0 ppm NO, 113 80 40 78 29.9
+0.2 ppm O,

AHH ; benzo {(a) pyrene hydroxylase, ECDE ; 7-ethoxycoumarin 0-deethylase, CH : coumasin hydroxylase.
Mean and standerd deviation were calculated based on percentile activities of AHH, ECDE and CH in the same exposure
condition.
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Changes of Lipid Peroxidation and Antioxidative Protective Systems
in Lungs of Rats and Guinea Pigs Exposed to Nitrogen Dioxide,

Ozone and Their Combined Gases
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Abstract

We examind the changes of lipid peroxidation and antioxidative protective systems in
lungs of rats and guinea pigs exposed to nitrogen dioxide, ozone and their combined gases
for two weeks, and clarified the species differenses of these animals in lipid peroxide
formation. Lipid peroxide contents in the lungs of rats and guinea pigs exposed to 0.4ppm

I BEAEWRR EEEEES 7305 B JETANEFN 16 & 2
Basic Medical Sciences Division, the National Institute for Environmental Studies. 16-2 Onogawa, Tsukuba,
Ibaraki 305, Japan.
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NO, alone or O; alone and the contents of rats exposed to their combined gases did not
change, but the contents of guinea pigs exposed to the combined gases were increased to
2.2 times hight of the control levels.

Activites of selenium independent glutathione peroxidase (GPx-Cumene} and glucose
-6~phosphate dehydrogenase (G6PD?) in lungs of each animal exposed to NO, or O, did not
change, but those activities in lungs of rats exposed to the combined gases were increased.

Guinea pigs were lacking in the selenium dependent glutathione peroxidase (GPx-H,
Q,). The activity of GPx-H,O, in lungs of rats exposed to O, increased significantly, and that
of rats exposed to the combined gases showed significant increment. Activities of the
protective enzymes in lungs of guinea pigs did not change. Contents of non-protein
sulfhydryls (NPSH) and vitamin C in lungs of rats exposed to O, were increased
significantly, and these contents were increased by the combined gases. These contents in
guinea pigs did not change.

From these resulits, the increase of lipid peroxide level in guinea pigs exposed to the
combined gases may be due to the low induction of the antioxidative protection factors and
to the deficiency of GPx-H,0,.
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The valuses of antioxidative protective factors and lipid peroxides

1

Fig. 1
in lungs of rats and guinea pigs under physiolgical status
The values of guinea pigs show percent ratio against the values of rats {100%).
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Fig. 3
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Changes of TBA values in lungs of rats and guinea pigs

Control values were 18.63 and 29.33nmol/g. lung for rats and guinea pigs,

respectively, The values are expressed as mean:SD. =+ » » : P<0.001.
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Chenges of glutathione peroxidase (GPx} activites in lungs of rats
and guinea pigs

Control values of GPx-Cumene activity were 106.3 and 22.8nmoles of NADP*
formed/mg * protein/min for rats and guinea pigs, and control values of GPx
-H,O, activity were 61.3 and 0 nmol of NADP* formed/mg protein/min for
rats and gunea pigs, respectively. [J; GPx-Cumene, £}; GPx-H,0, The
values are expressed as mean+SD, » P<0.05; » s, P<001; P<
0.001.
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Fig. 4 Changes of glucose-6-phosphate dehydrogenase (G6PD) and 6
-phosphogluconate dehydrogenase activities in lungs of rats and
guinea pigs
Control values of G6PD activity were 1082 and 194.7nmoles of NADPH
formed/mg protein/min for rats and guinea pigs, and control values of 6PGD
activity were 127.8 and 167.9nmoles of NADPH formed/mg protein/min for
rats and guinea pigs, respectively. [, G6PD ; &, 6PGD,
The values are expressed as mean+5D, » » ; P<0.01.
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Fig. 5§ Changes of disufide reductase (DSR) and superoxide dismutase
{SOD) activites in lungs of rats and guinea pigs
Control values of DSR activity were 276.6 and 157.2nmoles of cysteine
formed/mg + protein/min for rats and guinea pigs, and control values of SOD
activity were 48.8 and 65.8 units/mg - protein/min for rats and guinea pigs,

respectively,, (1, SOD; E2, DSR. The values are expressed as mean+SD,
» o+ 2 P<C001, * « « ; P<0.00L
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Fig. 6 Changes of glutathione S-transferase (GSH S-Tase) activity and
vitamin E (V. E) contents in lungs of rats and guinea pigs
‘Caontrol values of GSH S-Tase activity were 138 and 1419 nmoles/mg protein/
min for rats and guinea pigs, and control values of V. E were 20.5 and 8.6/

g+lung for rats and guinea pigs, respectivety. (], GSH S-Tase; E, VE. The
values are expressed as mean®5D, =, P<0.05; « =, P<0.0L
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Fig. 7 Changes of nonprotein sulthydryls (NPSH) and vitamin C {VC)

contents in lungs of rats and guinea pigs

Control values of NPSH were 1.09 and 2,48 moles/g-lung, and control values
of VC were 239.8 and 235.74g/g+lung for rats and gunea pigs, respectinely. {J,
NPSH ; E, VC. The y‘alues are expressed as mean+SD. * * +  P<0.00].
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Fig. 8 Changes of lipid peroxidation and antioxidative protective systems
in lungs of rats and guinea pigs exposed to nitrogen dioxide, ozone
and their combined gases
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Effects of Exposures to Nitrogen Dioxide and Ozone in Combination
on the Attivities of the Glutathione Synthesis Enzymes
and on the Levels of Glutathione in Rat Lungs

AR - REES - =W &
Meiji KAWATA!, Yuji TAKAHASHI and Takashi MIURA!

E g

NO, & O, ODEEBEL 7 v MOV F F 4+ v SRFBER (v NI INVYATAY
YT —ERUINFFA TV — ) ERHERETERCOWTHRENL

0.2 ppm Q,, 0.2 ppm O, + 1.2 ppm NO,, 4.0 ppm NO,, 4.0 ppm NO,4+0.2 ppm O, % 3 &
AMSEL7EY, L2opm NO, 202 ppm O, O 7 1% F 4 v SR RERE M ORINER
R E ¢ F, 4.0ppm NO; i1 0.2 ppm O, OINTER R WG £ B 7028, HMENICHES L
not,

NO, & O, DEESEENF v OB A5 F4 L 2R RITTREEFBEL
BBy F4 e LTHY A7 ESHERRE LA, MOHES » 7 SH AR
it 0.2 ppm Oy, 4.0 ppm NO, Bl 4 HBE TRENICH L L iAo, L Ligdd
5 40ppm NO, 12 02,04 ppm O, 2 S L LEARISBE L2488, E7 7 SHSRD
Wi LFRORBRCBLTHEBETH Y, NO, KL 3HIEIR R O OFINC & Y
BiRs i ols,

FHECFERE NO, & O, DESW L Y e N BEEESIcE L T, AR THE
ENLEEO GHGHACTEC L -7, GSHOSRNHCEE3sn T 2 WgE%
THL T,

Abstract

The effects of subacute exposures to NO, and O, in combiantion on the activities of
glutathione synthesis enzymes (y-glutamylcysteine synthetase and glutathione synthetase) in
rat lungs were investigated.

Male Jel: Wistar rats were exposed to 0.2 ppm O,, 0.2 ppm O +1.2 ppm NO,, 4.0
ppm NQ,, and 4.0 ppm NQ, +0.2 ppm O, for 3 months. While 1.2 ppm NO, did not affect
the effect of exposures 1o 0.2 ppm O, on the glutathione synthesis enzymes, 4.0 ppm NO,

1. EASTRF BSSmEm T 05 HEE - < HEHNEI 16 E 2
Basic Medical Sciences Division, the National Institute for Exvironmental Studies. 16-2 Onogawa Tsukuba,
Ibaraki 305, Japan.
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slightly enhanced the effect of 0.2 ppm O, on these enzymes.
Exposures to 4.0 ppm NO,, 4.0 ppm NO, +0.2 ppm Oy, and 4.0 ppm NO, +0.4 ppm O,
for 4 weeks, resulted in a 120-125% increase in the nonprotein sulfhydryl level in rat lungs.

1 Buwis

INFTOPRCENT, 79 P77 ACHEMERED ZERIEZEH (NO,) XixA V> (0y)
ERETL L, OB vy F4 2 (GSH) DI 2 Z L2880 52012 2 1, GSH DREE
B bHR# 2T 2158k 3 £ 2 50T E LY, NO, ® 0, 1T L T GSH v ~L 238800
DHEE, BRI S 2 A O DL LTHEEZ D THH.GSH iz y- 708 3
NYRTFAVY YT I—ERETAVIFF v F 7 -V THEESNLE LY F4 v ERERR
ST T 2 /B LBRENEYY, TIT, v MDD GSH VRAR U NS 4 BRI
2T NO, &£ O, DB R EE TOTRRBRBORE R B L 7,

INFTEIT->1 NO, ik O, OBEBRBEHEBOEE S S, 7 v IO GSH #8nd 2 %8
BE 4.0ppm NO, B1F0.2,04ppm Q;) THANS F 4 v ERFRmESE L EEMT 22 %
HEHIZ LI R TR N E TREL TE NO, O, DBBEEROBEY & 112, NO, &
O; tDHESRBST v MO VF F4 v ERFEREEE T GSH SR RIZTEE 2R
L

2 B &

2.1 ZrsFFoafFBREHOAE

JCI: Wistar B> v b 28w, 22882357, 0.2 ppm Oy, 0.2 ppm O3+ 1.2 ppm NO,, 4.0
ppm NO,, 4.0 ppm NO,+02ppm O, ¥ I»AMBEL 2. 7 v b 2 — 7 L FEE LEBIRY, &
Bl 72D %, LES 0.95%NaCl #3F AL THis AR L 2. SFHL 76 015 M KCI-10
mM ) A-EREE®R pH7.4) #MZTFEYF A AL 9Iml kL, RES F—1 %
10,000 xg T 15 ARG L THES AL FEE 105,000 Xg T 60 AHEL L, FERBERE:L
feo MDD TN Fo4 v EHFEBERFEOHE X FIERY Wit > TiT-70

y- NI ENYATA vy Ty —SERORE TR, 1M U A-EEEEWR (pHS8.2) 0.1
ml, 0.06M 7% 3> E0.1m/l, 0.05Ma-7 3 /EEER 0. 1ml, I %FME7 L7 2~ 0.1md,
BN 50 uf, H,0450 1, 0.0 M ATPO.1m! #EML, 37 T60 FERIGE €72, FNVF F
Fryrdy—EEOREE, 1M M A-EREEEE (pH8.50.1mi, #Ex L7, 0.05
My-ZNF 3 -a-7 3 /BEERE0.1ml 25w, UTRATEE L ERICRIE#iTo7. KIEKET
%, FRFNOBERICHEW 1.86M + ) 7 0 oERR 0.1 m/ %1% 2,300xg T30 SihEG LT
Bend LELANBEREE L, ThPAOBRRGICL > TERT S y- 75 S -a-7 &
JEBBEES y- NS S -a-T S TFINS) B4 A AR S 7 4 (Hitachi
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WMEBBr Ly 4 VARGREEE - S A F 4 v aBOEL

Custom No. 2619) ICFETAL, 0.14M & = o EEEN (pH 3.2) THLOBEE 83 BB T
F/BAMENC L DER L, BEREHEHBERRTCSENS Y N7 BE (mg) B TH
Ltz #3788, Lowry &% OB TERL

2.2 EFASHSH ERBMHAE

JC1: Wistar 35 v F &2, 1358812357 0.2 ppm Oy, 0.2 ppm O: +4.0 ppm NO, %,
27 198BIC BT 40 ppm NO,, 4.0 ppm NO, +H04ppm O; % 1, 2, 3, 4 HMBRE L2, 7
bR —FOVCHREEL, SHEIIR D SIRML 2, BB KR I5E L TERIRL LM% - 80°Cl iR
L7z, BOES v 2 SHEER, W0.2g 0% 5mi D5% b1y v BB THERL,
REVH—PE2,300xg T2SMELML TH-LELAYT, Beutler ® FEY #IGHL 2
DTNB &Y L ki,

3 R

NO; £ O, D 13 BHMOEARBEN T v MO y-Z VT SLVATA Y375 -¥iEH
CEETEECODWTHANAEREAE 1R, 0.2ppm Oy, 0.2 ppm 0, +1.2 ppm NO;, 4.0
ppm NO, DEBBHT y-I VY SNV ATA >y 7/ —¥EHRNEFCNL TEAER
109~115%, 112~122%, 112~126% L ZIFEREOEELZEMERL, 3 AMORBHE D —
EDESEARER L, SRl T 40ppm NO,+0.2 ppm O, BT BEEREE O BMNE R
124~128% L 2 D OBEBEL DBV EE o1

#* 1 v bRy A8 INYATA vy T
S —ERBMIIRIZT NG, £ O, DEERBO¥
&

Table 1 Effects of exposures to NO, and O, in combina-
tion on the activity of y-glutamylcysieine synthe-
tase of rat lungs

1 month (%) 2 months (%) 3 months (%)
Control 131+ 4.2 (100) 126+10.4 (100) 136+ 10.8 (100)
0.2 ppm Q, 145+ 9.7* {11y 137+10.1 (109) 156+ 16.3* {115)
0.2 ppm O, +
1.2ppm NO, 147+13.9* (112) 143+12.5+ (114) 166+ 9.3**  (122)
4.0 ppit NO, 1481 52%%* (112) 158+ 67°"* (126) 1S3:117*  (113)
40 ppm NO, -

0.2 ppm O, 168+ 3.7°** (128) 155+ 9.2*** (124) 171%25.1* (126)

Values were expressed as n mole/hr/mg protein {mean +58D, n=6).
*p<0.05, *+p<00l, ***p<0H01
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NO, L O, D 1~3 »p HEOEERBNR 7 v MO Ly 54 vy > 7y — ¥ ERCRIZTE
BORBEER2IRL 2, 0.2 ppm Os, 0.2 ppm O5+1.2 ppm NO,, 4.0 ppm NO, OEREH T
NEFF T —BEREMBHCN L TERFR 106~117%, 107~112%, 102~111% &
%10, 4.0 ppm NO,+0.2 ppm Qs T 114~120% 2500, BOBREREL 0 b FhirBuniE s
rotz,

0.2 ppm Os, 0.2 ppm O3 +4.0 ppm NO, D 4 EMREB I B I 2 OFEF 82 SH SRR
IETREERICT Lz, REHOESY > 7% SH e Bt BRI U TERCML, #in
2 0.2 ppm O; B, 0.2 ppm 0, +4.0 ppm NO, BEET 2R 24 107~112%, 120~1259% & 72 - 7=,
D& ICEEREROY 0.2 ppm Oy RMBBWIEL 0 BOBME LT L1228, TOMIIRE

# 2 oy bMMOINFFA YT —EEECR
IETNO, & O, DEERBOR

Table 2 Effects of exposures to NO, and O, in combina-
tion on the activity of glutathione synthetase of

rat lungs

1 month (%) 2 months (%) 3 months (%)
Contral 126+4.3 (100) 124+ 51 (100} 122£155  (100)
0.2 ppm O, 132482 (105) 138% 6.8* (111 E42+11.E* (117)
0.2 ppm Q,*

12ppm NGO, 135+7.8* (107) 1334 99 (107) 1361 5.2 (112)

4.0 ppm NO, 129472 (102) 138=£ 36*** (ill) 130+ 24 (107)
4.0 ppm NO, +

0.2 ppm O, 144 +9,1** (L15) 141+11.7* (114) 146+ 8.4* (§20)

Values were expressed as n mole/hr/mg protein (mean+SD, n=6).
*p<0.05, **p< 0.0, ***p<0.001

*= 3 Ty bMOIES A7 SH &I RIFT 4.0 ppm NO, & 0.2 ppm
O, DEHESRBOF

Table 3 Effects of exposures to 4.0 ppm NO, and 0.2 ppm O, in combination
on nonprotein sulfhydryl (NPSH) level in rat lungs

1 week (%) 2 weeks (%) 3 weeks {%) 4 weeks (%)
Control 1.70+0.07 (100} 1.64+0.04 (100} 1.66+0.06 (100) 1.594+0.07 (100}
0.2 ppm O, 1.83£0.07* (108) 1.76x£006** (107) 1.B6+0.04*** (112) 1.70x0.07 (107)

0.2 ppm O, +
40ppm NO, 2.042005"** (120) 2.02L£0.06*** (124) 2.00+009*** (121) 1.99+0.13*** (125)

Values were expressed as ¢ mole/g lung (mean®SD, n=6).
*p<0.05, **p<0.01, ***p<0.00]
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iy 4 S o @Y s SHERICKIFT 40ppm NO, & 0.4 ppm
O, DHEERBEDORE

Table 4 Effects of exposures to 4.0 ppm NO, and 0.4 ppm O, in combination
on nonprotein sulfhydryl (NPSH) level in rat lungs

1 week (%) 2 weeks (%) 3 weeks (%) 4 weeks (%)

Control 1.63£0.07 (100) 1.63+0.07 (100}  1.46+0.01 (100)  1.34+005 (100)
4.0 ppm NO, L97£0.07=** (121} 1.97£0.05*** (121} L75£007*** (120) L.67X0.10*** (125)
4.0 ppm NO,+

0.4ppm0O; 1.96+0.06*** (120) 1.97£0.04*** (121) L69L0.07*** (116) 1.67+0.04*** (125)

Values were expressed as g mole/g lung (mean=+SD, n=6}, ***p<0.001

M —g i a i,

4.0 ppm NO,, 4.0ppm NO,+04ppm O; @ 4 BEZB W B AWM OIESF 27 SH éﬂc:
BixdgeR4 i, REBOK S v SH &REER ML, HHEEFCT 41
AL 4.0 ppm NO, B¢, 4.0 ppm NO,+0.4 ppm O, T# R F 1 120~125%, 116~125% & 7% -
2o

4 £ =

FBIZTNO, Xid 0, © 1~3 2 ARMOBMBET, 7y MO y-7 0 sV AT A >y T
¥ —EiEME, 0.4, 1.2, 4.0 ppm BF 7L 4.0 ppm O AEFICHINL D 112~116%),
0.2, 0, 4ppm O; BB THIRTOBBEHC SO THBECEINT 2 (MBI LZAFH
105~107%, 110~114%) < & MG L7, TOBREF 1 LD, 1.2ppm NO, ZEECBENT
LO02ppm O, D y- TN INVATA vy TS —YERCHT 2 BINERCEEREE S
s, £/ 4.0ppmNO, i20.2ppm O, £ DEE THELREME L L HHEMCBES T »
eI 5,

FLAE" TNO, Xk 0, 0 1~3 »ABOBMBRTRO I VY F4 v v 75 —EERR,
0.4, 1.2, 4.0ppm NO, BF B2 T TORBTHEELENBE Sz b o724, 0.2, 0.4
ppm O, BF TRAEECHENT 2 GBI L TFA R 105~107%, 110~114%) Z & &Rl
T CORERYFE2EID, 1.2ppm NO, BESCEVWTL 0.2ppm 0 DT NF Fh 7o —
I T A ANMER B R IE S, 77 4.0 ppm NO, 1 0.2 ppm O; & OEE T b HIf0
R R 2T E Bhol, NO, ik O, OHMBEBE T GSHEERU VY 74 » SN AR
REMSRINT 248, NO, & O, DHEA W & - THMWEEE AW ERO—D2E, NO, £%
Wiz Oy DRMTORBICH LT GSH SR SBRICTTET s bic kb eFEL 6N S,

NO, &£ O; DEERBENT v MO S v 7 SH SR HZTHEECOWTE, #3, 4 &
N, 4.0ppm NO., 4.0 ppm NO,+0.2 ppm O,, 4.0 ppm NO,+0.4 ppm O, @ 14 BMBETT
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~RTOEBEFOESY /7% SH SR IINEEOWN 120~125% 0RBTHR ML 2 &
&, 0.2ppm Oy, 0.4ppm Oy DV FRICEWT Y, 4.0 ppm NO, @ GSH SRz LT 8Ll
& 3BT s e otz S DEFKIF, NO, & 0, OFEE T & 0 RS e ERE
L TAFECRE S 2 BEO GSH SRR CEK X - T, GSH o&g- g s nT
WAHEJREE AT L T B,
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— Ht it BRBEBEEOT —
Effects of Nitrogen Dioxide and Ozone on Aged Rats I
—— Changes in the Ht Value and Tissue Weight - —

=§ U BEEI . EAR O FTs s - FEEE
WHH BRET - FEA=-EF N
Takashi MIURA!, Yuji TAKAHASHI!, Manabu KUNIMOTO!
Katsumi MOCHITATE?, Meiji KAWATA! Kunimitsu KAYA!
Keiko NOHARA!, Yuzo ITO? and Hiroshi TAKAHASHI?

g B
12-30 2 FI @ JCL: Wistar BHEF v FIC NO, (1.2 Bt 4.0ppm) % 34 HEXIZ O,
(0.1 F7¥ 02 ppm) % 4 @MRR L7, WOEERE, 4ppm NOREBI L - T 14 0Bl
Sy b TILBEROABEMUzN, 240887y P T2 R IHSHEEML 1.2 ppm
NO, #ZFTHML7, O, BB, ZEC1T»AERS v tOMBESCBELRITER
trodott, REBS v P OBESERZ 0L BT02ppm O, TEREIERU L, GERY
THoBEEREL, NO,, ORE TIH&FL THIILL,

Mo HefEiz, 140885 v b T 4ppm NO, BEIC L - THBEIIRIML 7=, iz 23
ATy bR L2 R 4ppm NOREIC Kk - THA L, Hh HEOE P b BZEs e, 0,
SBOWeE, 2H2ABT v M Tik HUEA U Hb Bt @ e S o8, 1TeAl
Sw bT02ppm Oy ik HEA L, 3HHEBZ v P TOI RV 02ppm O, i &k DAL
2o

BlEosERY, MESORBEEROMMNEMED HoE, HbEOBEL 03 5T, #
A BEBE O NO,, CHEAMHSHE N L UTHRESHEER L L 29 EERL Ty
z,

L EAEFRS BEEELS 7305 RBRD WA 1652
Basic Medical Sciences Division, the National Institute for Environmental Studies. 16-2 Onogawa, Tsukuba,
Ibaraki 305, Japan.

2, ENAEEET EREE T 305 B NI 6% 2
Engineering Division, the National Institute for Environmental Studies. 16-2 Onogawa, Tsukuba, Ibaraki 305,
Japan.
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Abstract

Male JCl: Wistar rats (12-30 months old) were exposed to cither nitrogen dioxide
(NQ,, 1.2 and 4.0 ppm) for 3 months or ozone (O,, 0.1 and 0.2 ppm) for 4 weeks. The lung
wet weight of senescent {24 months old) rats increased at the second and third months of
exposures 1o 4 ppm NO,, while that of abult {14 months old) rats increased only 3 months
after exposure to 4 ppm NO,. Exposures to 0.1 and .2 ppm O, also resulted in an increase
in the lung wet weight of senescent (23 months old) rats, whereas they did not affect that of
adult (12 and 17 months old) rats. The wet weights of heart and kidney too increased in an
age-dependent fashion.

The Ht value of adult rats increased upon 2-menths exposure 1o 4 ppm NO,. In
contrast, that of senescent rats decreased at the second month of exposure to 1.2 ppm NO,
and at the third month of exposure to 4 ppm NQ,, in which the Hb value was also decreased.
Similarly, exposures to 0.1 and 0.2 ppm O, resulted in a decrease in the Ht and Hb values
of senescent rats, whereas these values did not alter in 12 months old rats.

These results show that aging leads to higher susceptibility to exposures to NO, and O,
with regard to increase in the tissue weight and decrease in the Ht and Hb values.

1 @Lsic

REERVEOEEREORRC DT RBRZHERNOFEET S HEESEZ S h Tw 5,
HECHEET 2 &) 2BV VL ORSEROSE, HIORRFERC LD 5 BBREEROREHH
REhpeEIoNE, LrLliads, REFRCNL IEEZEL 228 IcO>w- T, ©
EREEALBHIA LY,

SR ELE, ERNEROERSENCITON 2 22 I LEERCEEL Thi e—
CRENCE Z 5N TV DY, BEROD AR BN R 4 R R R A 1, NRRE 0 BT A3 I W B
LTWaRENSHEETEL WREALBITL UHBOEFHEASET L 2 L cEEL Ty
3, ZORK, RIMEBROBMEE THEAFIZEZSA T Y, Lizst>T, REEFRYHHE
IRBE S o THE, BREYTHBHEENSETLTED, MO 218 AR
Z6MD, THETIZ, FBT v MIFBICHEANO, KLV iofEgEsEs )T, BT
Fy RIS EINT0ESY, e, ERMT VAT, MOBEOEB LRI (EESE
Nic{ Il ksBHerrizanThiY,

FHZIE, REHRALKERDE TH 2 ZREEHE (NO,) LAV (O,) oEsEmoil
Bt ok RBfisnsn 2Bl TAIEEHN L LT3, HERNEBED NO,P
Q5 MBFUERET v VCRETS E, BRIy rCHEEWLBERENEER KO H{E
wEEahk,

2 HMEEHE

2.1 RBEARUAHROERR
JC1: Wistar %7 v b (6-10 88) »BERESRAO/ V) 7-EHEFET12-30 »ARET
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EMZ o+ HUErEREROZEL

fH L, BEEBCHLL, A RAREIR, 05 (0.120.005 & UF0.2+0.01 ppm) % 4 BRI IE NO,

(1.240.06 2tF 4.020.2 ppm) % 3 »HEIT- 720 &ﬁ%b:%ﬁ% ¥ UN—I D —FE6-8ED
BrE oL, T—FUMEF CRRIM: B8, BEERSELTREREAEL, 2, ~Y
Y e o Ht R U Hb 2 #IE L7z,

2.2 HEEORTEE
Wit r BEFOMOZOE TSR, S80I % 5%, Student i3 Welch @ 1 MEETH

~fz,

IR

3.1 NO, ZEORESEREITESR

UERUF24AET vy MZ1.2 ik 4.0ppm NO, 2 BB L/BET, ULEBS v FOA T2
Puek 14 PLAFET L7r, BESIET->0 13H 1172, TEAEELIER: LAEBETH o7,
g, B3AePlcBYELELbhARRAERD s,

{REI, 4ppm NO, BE 2 4 AE X HIERED 90% (p<0.05) B F L7z EERELET
Sheotn, B, BREEROTLER L, MOEBERER, 40HB5 v T 4 ppm NO,
FFE 3 5B B nIEEED 114% (p<0.01) KLz, —F, U4 >HBZ v b T, BE2HA
Hi 4 ppm NO, 2ER THEREO 113% (p<0.03) ML, BE3»BE 1.2 R 4ppm
NO,EBHTHEEORL 0% (p<0.01) R 111% (p<0.01) THho7, BROBERR,
20 AE S v~ THIERAEED 51, 4ppm NO, £ 2 »HBICEEED 111% (p<0.05) &
ol LAY v FDOBE, LEOREROEIINLBE AN, 4ppm NO, REHTI A
B rf iR D 108% (p<0.05) KHEATL, 1.2ppm SBET 2 »HHIC 110% (p<0.05) 2o
720 MEBOBER D, AELELARS kdh o,

32 O, REORBEB-REITEE

12, 1TRU230EHT7 Yy Fic 0.1 X3 0.2ppm O; 2 RBLHERET, 230B& v T2
T 2 LD THH 27, IECHCBEHE L BbN2FREED N>,

FHEE, TRTORBHTEELRE e TRa e o, #2113, HAUEROBEROE LS
AU MOBERIZ 12RF17T2A#BTy TR O, BB LI VEERE LTS o7, 23
PHESZ » b T 0.2 ppm O,FFEET 288 RO 120% (p<0.0L) WHNL, 0.1 ppm O,
FREFTHERIC 1122 (p<0.05) wmL 7, BREOBERE, 1220R87 v Tk 0, E
W EDVHERELERI AL, THEBT Y F T 0.2m0, R2E 4 W E K BHRO
106% (p<0.05) WML, 23-A#ES v + T3 0.2 ppm O 2 1,881 119% (p<0.01) «©
oL e, R OBOBHERREERELETRAR M7,
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12K U 40ppmNO, O I ABBIC X 2%

#® 1
BHROE
Table 1 Changes in the tissue weight during three
-months exposures to 1.2 and 4.0 ppm NO,
Exposure Exposure Concentration (ppm)
Period Control 1.2 ppm 4.0 ppm
LUNG
l4-months old
1 month 2.81£0.22 2.53£0.19** ( 90) 266018 (95
2 months 2.86+0.58 2712051 ( 99%) 2732023 (95
3 months 2.57+0.27 2784032 (108) 2934022 (114)
24-months old
1 month 2.59+0.29 27374025 (107 2654021  (102)
2 months 2.87+0.42 290£0.25 (101) 3241028 (113)
3 months 293+0.24 3.2240.10" (110) 3.2440.24* (11
KIDNEY
l4-months otd
I month 6.15+0.52 5891052 ( 96) 6.02+067 ( 98)
2 months 5.50+0.62 567+0.42 (103) 6.661041 (103)
3 months 5.67+0.44 5.75+0.28  (i01} 5.70+0.30 (100}
24-months old
| month 6.34+0.72 6.77+0.75  (L07) 6.78+0.45 (107}
2 months 6.40+0.56 6.431+047 (101) 7.094:0.67" (i11)
3 months 6.8610.65 690+1.06 (101) 707+0.80 (103)
HEART
l4-month old
1 month 2.3340.09 2324016 (100) 2304010 ( 99)
2 months 220020 2264011 (103) 2314018 (105)
3 months 2.34+0.25 2.30+001  ( 98) 2174029  ( 93)
24-months old
1 month 2.37+0.20 255024  (108) 2.564:0.19* (108)
2 months 249+0.23 2.73+0.24% (110) 2.644-0.25  (106)
3 months 2.62+0.18 2.54+0.16 ( 97) 256022 ( 98)

Values are expressed as g tissue/kg of body weight {mean+S8D, n=12).

*p<0.05, **p<0.0l
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Table 2 Changes in the tissue weight during four-weeks
exposures to (.1 and 0.2 ppm NO,

Exposure Exposure Concentration (ppm)
Period Control 0.1 ppm 0.2 ppm
LUNG
12-months old
2 weeks 2.76+0.14 2934058 (106) 2732038 (99
4 weeks 2.98+0.29 3.05+0.17  (102) 28341005 (95
17-months old
2 weeks 2.73+0.20 2741016 (100) 2772017 (101)
4 weeks 2.79+0.21 2.79+029  (100) 2624025 (95)
23-months old
2 weeks 2.76+0.31 298+014 {108) 3312009 (120)
4 weeks 297+0.17 3324019 (112) 2772062 ( 93)
KIDNEY
[2-months old
2 weeks 5371029 546x011  (102) 540033 (100)
4 weeks 5.63+0.52 5.54+0.18  ( 99) 564+0.20 (100)
17-menths old
2 weeks 6.13-!-0.42 571027  ( 93) 5924038 ( 97)
4 weeks 5.71+027 61442062  (108) 6064025* (106)
23-months old
2 weeks 6.06+1.16 6221034  (103) 723£0.15** (119)
4 weeks 6.6740.27 6.94+083 (104) 645+049 ( 97)

Values are capressed as g tissue/kg of body weight {(mean+SD, n=8).
*p<0.05, **p<OOL.

3.3 NO., O, ZEE0 Ht {HRIZTRE

F 315, NO; RF T L 2M%o Ht B Hb foZbERL . U hREZ v TR NO, 8
B2 RU3HLARC Ht fEOEm £ 0, 4 ppm NO BB T 2 o HHICHERD 106% (p
<0.05) £t E®MT vy FTRBREELEIBEb e, 4ppm NO,ZE 1 A H
FE1.2ppm NO, 2E 2 0 ABHERFOB X 73% (p<0.01) & 79% (p<0.01} &4 -7, Hb
4, 1A »FHET v+ TNO, REC L VHERELERS Aoty —F, B0ABI v b T
i, 4ppm NO.BFE | KU 2 0 H B MBHOS276% (p<0.01) KTF87% (p<0.05) s
Lz,

FA4,0, BRI L 2MEO Ht {ER U HYEGELE R LIL122A87 v TR 0, BB
IDFELST LR RS o, U2ABRT Y FTR0.2ppm O, 28 4:HE CHEBEHO 96%
(p<0.05) D L1, 230 HET v b T2 0. Lppm O, 2% 2 R U4 HE XA HBOE296%
(p<0.05) KU 93% (p<0.001) AL, 0.2ppm O; BE 48 95% (p<0.01) &>
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Table 3 Changes in the Ht and Hb values during three
-months exposures to 1.2 and 4.0 ppm NO,

Exposure Exposure Concentration (ppm}

Period Control 1.2 ppm 4.0 ppm

Ht Value (%)

14-months old
| month 46.6+1.3 463415 { 99 464412 { 99)
2 months 448=+1.1 46.0+1.2 (103) 47.3+1.5*  (106)
3 months 451116 47.1+1.0 (104) 46.51£3.1 (103)

24-menths old
| month 42.8+3.1 459432 {107)  31.2142% ( 72)
2 months 44.7+1.7 35.1+6.8* ( 79) 43.8+34 ( 98)
3 months 454+ 3.4 41.2+6.6 (9I) 458+3.7 (L1O1)

Hb Value (g/d1)
14-months old

| month 16.1 0.3 159+0.4 (99) 15803 ( 98)

2 months 16.2+0.9 163104 {101) 16.1+0.6 (99

3 months 16.6+0.4 16.7+04 (101) 16.1+1.2 (97
24-months old

} month 15.6+1.3 16.2+0.7 {104) 11.9+1.3** ( 76)

2 months 16.6+0.5 15.3+1.0 ( 92) 14.5£0.9* ( 87)

3 months 5.5+ 1.8 15.04+2.0 ( 97) 16.0+1.4 (103)

Values are expressed as the mean£SD, n=12. *p<005, **p<0.0L

720 Hh{EHERIC 12 2 HEGT v b Tk 0, BBIC LV EBELE R RS R olel, 1TRU23
DEBT Y TR O, BE4ABCHEERETFTERLL, 0.1 kT 0.2ppm 0, RET 17 2HH
5y b TIRMBEROE R 97% (p<0.05) RIF96% (p<0.001) AL, 23 A7 v b Tk
#2 96% (p<0.01) BUF94% (p<0.01) =#-o7z,

4 £ =

KR OEERRL, 7 v MNEBOREESTENERE O NO,, 0, BEM 2B OB O
GBI R T b T ERLTWAE NOR O, 2 HRETCEHCRB T2 &, —CE
MIRECcH LM AENE I D BEROENLSBEE IR EY, AR CHAVWLREEORETO
NO, % 0, DHAMER COEFMAEIC L 2 HEROMINEIE C & 2v, WEBEROEING,
S DEE L EETABRCEHEA N 2HEOREEIC L - TR ZARENEL NS,
HEEEHYIC BT b, BEICHT 5 BIEOBRME S NO, it 2 REGE IR, BFR” %
Hx N T D4 ppm NOBBIC LT, UAEHKT v b TR 30 HBICEERE SN 223,
24 AT v b TR 2 AEICKEMNL, 1.2 ppm NOZFEIC L > T LA 572 {(FE D, O,
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Table 4 Changes in the Ht and Hb values during three
-months exposures to 0.1 and 0.2 ppm O,

Exposure Exposure Concentration (ppm)

Period Control 0.1 ppm 0.2 ppm

Ht Value (%)
12-months old

2 weeks 46.2+0.7 4624120 (100) 46.8+1.1 (101)

4 weeks 46.410.6 46.7+1.1 (100) 46.6+1.5 (100)
17-months old

2 weeks 46.60.9 46.8+0.4 (100) 46.3+1.2 (99

4 weeks 45.8+0.9 45.1x1.0 { 98) 44.0+09* ( 96)
23-months old

2 weeks 455+13 439110 (99 440+ 1.6 (97N

4 weeks 46.9+0.5 43.6+0.6"** ( 93) 447+ 1.6** ( 93)

Hb Value (g/dh)
12-months old

2 weeks 164403 16.7£0.6 (102y 16703 {102)

4 weeks 164%0.5 16.5+0.3 (101) 164404 ( 99)
17-months old

2 weeks 170+ 0.4 16.5+£04 (97 16.3+0.3 ( 96)

4 weeks 16.4+04 160104 { 97) 15.740.1*** ( 96)
23-months old

2 weeks 15.9+0.5 15.3+04 { 96) 15.3+£0.6 ( 96)

4 weeks 16.5+£0.3 15.8+04%* ( 96) 15.5+0.7** ( 94)

Values are expressed as the mean £ SD, n=8§.
*p<0.05, **p<0.01, **p<0.001.

RBOBS, BREROMNOMBEFEENECHBC L > Tul REF 1T HEB7 v 1 T
REELE(LERE o008, 28087 v P T, 0.1 R 0.2ppm O, EETHIIL 2 (&
2 NO,® O KL 2EWRT v F DIMBHEEOMIEEC DL TRREORHTEHTH 3 1, NO,
O ik 2BEXERBYOR TCERIP T hoTtna tEZ o2, LEERVEROBER
b, NO O, BBIZL - TN HEIIL 22 (£ 1, 2), 28, NO, ®» 0, BB L D
WAL TR 5 ESEEROEME DLW IS BBOR T 2 BE L oRE M+ 5 48
Ha3, ‘

dppm NO % 5 v bic &f, BRESE T2 M RBECEY L E L RMEROES 8
s 289, ZOREE, NO, BB & 0P ORMROBILLMELES K, TOBBICHT LMK
HIEH E L ORMBROMESE I o2 bick 2 B an, BIRED O, BRI AMMROE
MAERT ZEBHE ST L0, HEHMERED O, 27 v MicEINRE L S,
RIOFRBEED T (F4), 4ppm NO,HAERBOHRE XL L2 HHECHMEES iz
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(#3), 3~ ABOERT v b % NO,® O, KEE L2841k, Ht ERE U Hb ED Db
R ohic, b DRERIE, NO, L O BB ICRNRCBE % RIZT2E8H 2 0BEIEHY
OREFERC L VEEIATE Y, BHCB 3 RMROBHROSHENHHET L2 ERT »
F2 T, RERGSHHCRBEINFEESRBELLERT 208U THE 9,

AT OER L 5, ERE, CERCBROEEZORM, MEO He kU Hb BCHED &
W3 A TTHERERED NO,, 0, BEMSBCHL TERZME L 2 2EEESTHB SN,

2)

3

4

5

6)

7

8)

9)

5 A X R

Walton, J. (1982) : The role of limited cell replicative capacity in pathological age change. A review,
Mech, Aging Dev., 19, 217-244,

Harrison, D.E. (1979): Defective erythrocytic responses of aged mice not improved by younger
marrow. J. Gerontol., 3@, 286-288.

Cabral-Anderson, L.J., M.J. Evans and G.Freeman (1977) : Effects of NO, on the lungs of aging rats.
I. Morphology. Exptl. Mol. Pathol., 27, 353-365.

Evans, M.J, L.J. Cabral-Anderson and G.Freeman (1977): Effects of NO, on the lungs of aging rats.
II. Cell proliferation. Exptl. Mol. Pathol., 27, 366-376.

Kyono, H. and K.Kawai (1982): Morphometric study on age-dependent pulmonary lesions in rats
exposed to nitrogen dioxide. Industrial Health, 20, 73-99.

Biles, R.F. and J.C. Romanovsky (1967): Ultrastructural alterations of alveolar tissue of mice. I[I.
Synthetic photochemical smog. Arch. Environ. Health, 14, 844-858.

e RNEA « 3 E - BOKTZHE - R ETESR(1983) 1 A BUMERE TN T 2 SEEIO
EEME. NO, & O B AETTRARTIN RS, 5 4055, 139-146,

Kunimoto, M., K. Mochitate, K.Kaya, T.Miura and K. Kubota (1984) : Effects of nitrogen dioxide on
red blood cells of rats: Alterations of cell membrane components and populational changes of red
blood cells during in vivo exposure to NO,. Environ. Res., 33, 361-36%.

Mochitate, K. and T.Miura (1985} : Tn vivo effect of nitrogen dioxide on the activies of glycolytic
enzymes in red blood cells of rats. Toxicol. Lett, 22, 315-321.

Freeman, B.A., B.E. Miller and I1.B. Mudd (1979): Assessing Toxic Effects of Environmental
Pollutants. Lee, N.D. and Mudd, J.B. (eds.), Ann Arbor Science, Ann Arbor, Mich,

— 176 —



E £ EmRTMPRES £ 1SS (R-115-38)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No. 115, 1988.

1I-15
EBT v MIRETOBAEERRUFT YV yOEE 11
—— ERDRFROELL —
Effects of Nitrogen Dioxide and Ozone on Aged Rats 11
—— Changes in Xenobiotic Metabolizing System of Lungs ——
mfEBR_ . =E &
Yuji TAKAHASHI* and Takashi MIURA!
E ¥

“REER (NO,) L4V (0,) BB L55 v MAORWRBMBROE L, Fv b
OHBOBTCENE O L I REHLET o0 ehcT 2L DROEB LT, 5,
14, Fr24 i HEE Jol: Wistar Bl S » F (B FES 108 L) 2 ifeeg, 1.2 %1 4ppm
NO% L 2, BRUFieRE, 1BRRrLT, 8L, £, 17, RV IOHAKBD
Jol: Wistar %7 v b (BHAE 48 E) CEEES, 01 RT02ppm O, % 2 BT 48[,
1B LT, REBLL, BREMOSSHEECRZIRE R~

NO, B8Rz kD, S»HART v riiOT-2 b F v 2 ~v U »BlxF1{k (ECDE) RUfr
<) kEE(L (CH) R REBEICKEL TR UL, #40ARO 7 v F Tk, S»A
BoZ v MicthBE L, ECDE BU CH EMOETESRXRL, 251, SHAHBCI v
TREHSED S ofoF b 7 0 L P-450 (P-450) SER TV V{a) © v wokigb

(AHH) EHESET L, O, &F L0, THERT v FOROP-450 ERE U~ X
7 ¥ 3 Vi FVE(BPDM), ECDE % LT, CH M1 RBEEICHKE L THINL 72,
0 ABD T v TR, FERORMABEEONMNES 1THEBOZ v M ICHEL 7Y

_kl.zf:o

e DERE, BRI MRING BUO KL TEENSEE - T 2 L 2Tl
LTwa,
Abstract

The aim of this report is. to exmine the effects of aging on alteration of xenobiotic
metabolism of rat lungs after exposures to nitrogen dioxide (NO,) and ozone {0;). Male Jct:
Wistar rats of 5, 14 and 24 months old were exposed to 1.2 and 4.0 ppm NO, for 1, 2 and
3 months (n=12). In another experiment, male rats of 17, 23 and 30 months old were
exposed to 0.1 and 0.2 ppm O, for 2 and 4 weeks (n=28).

By NO, exposure, the activities of 7-ehtoxycoumarin O-deethylase (ECDE) and

| ENAEWER BEAiEE T 305 KB EHVNMFI 1682
Basic Medical Sciences Division, the National Institute for Environmental Studies. 16-2 Onogawa, Tsukuba,
Ibaraki 305, Japan,
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coumarin hydroxylase (CH) were decreased dose-dependently in all age group. The
decreases were much greater in 24 months old rats than in § months old rats. Moreover, in
24 months old rats, the cytochrome P-450 content and benzo () pyrene hydroxylase (AHH)
activity decreased, while these values in 5 months old rats were not affected. By O, exposure,
the cytochrome P-450 content and activities of benzphetamine N-demethylase, ECDE and
CH were increased in all age groups. However, relative values (exposed per control) of these
activities increased much more in 24 months old rats than in 17 months old ones.

These results show that aged rats become more susceptible to the effects of NO, and O,

gases.

1 Lo
R > EM R I T B A R B T RO EDE 2 SEL, EAAFE o LTk
BEANEEBLTHEY, BEAFOTEMEGRYRBROER 220 TES2EBR T 20 B
VR FROERE£ZUBEMERLIRBEELH 20, Lisdi- T, MOBYRBRII AR
MHOEELTET 5 ETEBLRMRTH 2, BAR W CHEMBBEEET 2 FELL ¥
I THD BEEE (NO,) L4V (0) PHOEAMARRRICTIZTHELREL, W
DERUCHROEEIE, NO, 2 O, DARBEOR VIR 22 2 L ETL T &Y,
—ME, EREBMIMROSRS 2 VIEREEEMETLTEY, ML 3BELZTP
FTWREEZHNTE, Bils il 3EB~ 7 A AER 7 AEREFRT AL 3 BEL2
TR rWq{EL T i, 277, Cabral-Anderson 17 3EE# T v M ICHE~ERBS v M2 NO, B
BROBMFCENSI E2REL TS, Lal, Bo0EERI, BBEORMEHEEBRTHD,
BREOELRY A OFETH S 2 TRRY, FE, LEAEEE (1.2~4 ppm NO, it 0.1~0.2
ppm Q) DA F T P BEET v bOMOERARBR I RFTHELREL, BRI v M3
FYF PN TEZRMESEE > T 0B I 2RBT 2 EE LG,

2 B &

2.1 BREBEERUEHOER

5, 14 Fetf 24 ;2 Fled Jol - Wistar BHEZ v b (B HH 108 IT) (2i5E &, 1.2 XU 4.0ppm
NO, # 1, 2 RUF 3R, 1B121Ws LT, BEL, 70, 17, 23RV 30 0HBO T v M (&
BEARUE) T, FBZEE, 0.1ppm BUF 0.2ppm Oy %, 2 KU 4580, 1#8ET, BE L. &
Big, Ty b EF e — LI ML T —F LHE T CHBR, SHOLT LB L, i
0.95%NaCl I & VT ARE, 45ED 10mM ~ Y A -HEEER (pH7.4) 281r0.15
MECI BB H THEy ¥ —« 2T 2 ARF 70 BTV AV — W THEYSHA XL,
37OV —AESEREYA— % 10000 Xg 15 M E G L, F0_EFEE 106000 < g 60 3R
LFBL,
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2.2 F+ZRLP-450ERRURDABEENRE

P-450 O &#IZ, Omura & Sato® OFETREL, 5 THLFHEE 9lem™ mM™! E LTHE
L 7-, ECDE #EM13 Aitio® @A fEWHIE L7, AHH ## 1 Dehnen 5'0 @RI HIE
L1, BPDM KU CH 164443 Takahashi 6% OB CHEL 72, # 37 HE T Lowry
W OHECHECHE L. F L7 s EBRVBEREEERESA— by 7 HHL D TR
L7

2.3 WEMREZL
AR - RBEHOMOEOBERORE Student @ ¢t REEERA W TITo 72,

I ” R

3.1 NORBoES

By P-450 &8, 5 R0 7 v b TR, WTFROREORE, BMzsvw T, FELEL
RES LoD 4 »RAB05 v O P-450 821 1.2 R 4ppm NOBFE 1 A H
WCREEEED 62% R UF 4T% B2 BT L. 20, FER2»ABCRNBEHEICGET S, BB 2R
U3nAEREEERELERE G2, 4 85 v O P-450 SE X, 1.2 ppm NO, 25
1A B EO TT%CETLAOSRE 2 RU3I»ABEC 3R BEICE TER L, 4

A B C

= 5
o @
g%
L3

E
£ = t
£ E 4t 1 ¥ 1 j
i =
> o *
(4] E-'_ 2_ 1 ; 1 : * |

%35 &% 3 1z 3
Exposure Periods (months}
I NO, BEic&aF b7 ohbP-450F5EHOENL

Fig. | Changes in chytochrome P-450 contents during NO, exposures

Male wistar rats of 5 (A), 14 (B) and 24 (C) months old were exposed to
filtered air (@), 1.2 (A) and 4 { m) ppm NO, for 3 months. After exposures,
cytochrome P-450 contents were measured under the section of materials and
methods. Values are expressed as mean of 12 animals and bars represent *
SD. *p<0.035, ***p<0.001.
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ppm NORE T, 156 30A0RBEHRMEBEL T, ME@ED 51 »5 12%1ET L7,

Mid> AHH &z (M2), 5088y M T, 1.20pmNO, 2% 1 5B HBHED 117%
KL, B2 ARCREITNBME s TET L 140887 v b o AHB 1%, 4 ppm
NOZZBIRUFIHBECETL, MEHEOEITINRUERERL:ULAROT Y + D
AHH #E% 1 1.2 ppm NO,EE 2 »HE, %72, 4ppm NO, 2B 1 A B & 2 MHEMED 66%
BU6%ETL, 2E3»FHZGITHEEE CRIEL 2,

fitie) ECDE #5443 (= 3), 5 2B % v b TH, 1.2 ppm NO, £ 3 » F B M EE{ED 85%
FTETL, &7, 4ppm NO, B 15 3 »HHICHEED 67% 5 6 81%ITET L7z, 14
H#¥i% v b @ ECDE {&1%2, 4ppm NO, E!2X 3 ECDE EMOETORER S »AMD Z v
MHATHAL, 146 30 AOEBEMOM U THERED 55%2 & 65% ThH - T, 24 H Al
7w b ECDEEM, 1.2ppmNO, 2B 1R U 2HHICHBEOD 85% B U 2% TET
L, 4ppm NO, 2B L 0, EETORESEAL, 3» 50BN %E U ONEED 55%
05 63% ThH oz,

B> CH & (M 4), 5»ARDS v bTik, 1.2ppm NORE 1R 2 BRICHERD
T3%MTF 0%, %7, 4ppm NO, B#E 156 InFHCHBED 4% 55 15%ETL 72,
UrAEZ v CHiE®REZ, 1.2ppm NOBE 2 R U 3 B BB ED 79% R UF80% 1, %
72, 4ppm NO, BB 105 30ABICHRED 13% 25 16%ICET L, 40807y T
%, 1.2ppm NO, BH 2 LU 3 »HHIEHBEED 60% R 74%i2, %72, 4ppm NO, 28 14
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Benzotaipyrene Hydroxylase
(pmole /min/mg protein}

A B C
N IR LN
1 2 3 12 3 1 2 3
Exposure Periods (months )

2 NO, BB L2V (a) v v kEERiEEoEl
Fig. 2 Changes in benzo (a) pyrene hydroxylase activities during NO,

exposures
Experimental conditions are the same as in Fig 1. *p<0.05, **p <001, ***
p<0.001.
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Fig. 3

4
Fig. 4

Cournarin Hydroxylose
{ pmol /min/ mq protein)

1t

Changes in 7-ethoxycoumarin O-deethylase activities during

NO, exposures

Experimental conditions are the same as in Fig, 1. *p<0.05, *p<0.01, ***

p<0.001
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3 1 2

3 1

Exposure Periods {months)

Changes in coumarin hydroxylase activities during NO, ex-

posures. Experimental conditions are the same as in Fig. |

**p<001, ***p<0.001.
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5 35 F B HIBED 11% 5 5 159% BT L.
NO, 2FROMBYRBROELIE, 7 v FOIMBOETCE, EENEFrSET2, 2
LT, ETENMIRT L HEICEs 1,

32 0, RBOEE

B> P-450 &2 (& 5), 17 »B@D 7 v Tk, 0.1 KU 0.2ppm O, 88 2 B &bk <,
4 BEECHBEDRR200% MU 192% BN L 72, 2328807 v O P-450 882 0.1 B U
0.2ppm O, BF 2EH N BEHOEZELIRE R T 152%Ic, 27, BEAEHCHRBEOSL
1279% Fe 18 165% 238N L 72, 30 ARG Z » b P-450 S &3 0.1 B U7 0.2 ppm O, BB 2 HE
WCHTRBED B L 13T% R U 150% 4, & 70, BB 4 BB W HBED & 2 167% K U 180% i Hi L 7,
Ffi> BPDM &M (K 6), 17 ABO 7 v + TR 0.1 BT 0.2ppm O, £ 258E W HHHEED
128% R UF146%, 4 BB CHBEED B2 129% KU 149% ML 72, 23 ABO Iy O
BPDM #Et4E, 0.1 R0 0.2 ppm O, B8 28 H W sHEMO 22 121% K U 140% iz, 72, BE
4 BEICHEEOR 2 138% R U 140% #0072, 30 » A& 7 » b @ BPDM &40, 0.1 R o*
0.2 ppm O3 FEE 28 B (0 B D 2 UT% B 157% 0, 272, REGEERHFEMO B
1482 B T 1619% W38N L 72, Ao ECDE i&%i3 (M 7), 17»F@a % v + Tid, 0.2 ppm O, £
B 2HABCHBEMED 113%, 72, 0.1ppm RUF0.2ppm O, 2 4 BE 1 HBEMHED 127% Rk UF

*
4%
*%

5 7 2 3 z 3
Exposure Periods (weeks )

Cytochrome P-450
(pmole / min/mqg protein)
=]

o

B 5 O, BBWLE2F70lb450EEB0OENL

Fig. 5 Changes in cytochrome P-450 contents during O, exposures
Male wistar rats of 17 (A), 23 (B) and 30 {C) months old wers exposed to
filtered air (@), 0.1 (A) and 0.2 (w) ppm Q, for 4 weeks. After exposures.
cytochrome P-450 contents were measured under the section of materials

amd methods. Values ar expressed as mean of 8 animals and bars
represent +5D. *p<0.05, **p<0.01, ***p<0.001.
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Fig. 6 Changes in benzphtamine N-demethylase activities during O,

exXposures

Experimental conditions arc the same as in Fig. 5.
**p<0.01, ***p<0.001,
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Fig. 7 Changes in 7-ethoxycoumarin O-deethylase activities during O,
exposures
Experimental conditions are the same as in Fig. 5.
*p<005, **p<00l, ***p<0.001.
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Fig. 8 Changes in coumarin hydroxylase activities during Oy exposures
Experimental conditions are the same as in Fig. 5
*p<0.035, *p<00l, ***p<0.00L
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Effects of Nitrogen Dioxide and Ozone on Aged Rats III

—— Changes in Membanous Constituents of Liver and Kidney of Rats —
=i =B mRs
Takashi MIURA! and Yuji TAKAHASHI!
¥ 5

12~30 2 A#D IC1 : Wistar BHES v +ic NO, (1,2 & tf40ppm) % 3 4 HE Y O,
(0.1 ZR0.2ppm) % 4 HEBEREL, NO,, O, HBANRBRORBEEERS~CEE )
oMb D L3 cBEsn L oW T LA,

o 2 70 v — L@, O, 8B L0 ETR T, MR L2 EEORALTED LN
Rtpote, —H, NO, BB 7 0y — ARG EBPNICET 2 ¢ 5% EH7 v b TR
FL7ULPA0RRBUFT-2 by 72 ) VIRIFACEEOETENRAS L DE
Bli, LioUadls, BUERGRESMO 1 7 oY —slaoEahiimEe ks
S ot,

B = b2 N THRREHEEL S NOy, O, 2B LV ETHER T TL, BM7 v
FCEETRESRE o, —F, 1270 Y —LBENO, O, BBIC L 0BREND
B8, BET v FTIRF P2 0 P-450 S ROMINASEEL 72,

BLEOQ&ER, S, @t & 0 EAREEMET T 5 ERBE A1, NO, 2 0, 080 Ing
Wk DR s B AR A e,

Abstract

Male JCI: Wistar rats (12-30 months old) were exposed to either nitrogen dioxide
{NQ,, 1.2 and 4.0 ppm) for 3 months or ozone (Oy, 0.1 and 0.2 ppm) for 4 weeks to examine
the effect of aging on alterations of membrane constituents of tissues produced by subacute
exposures to NO, and OQ,.

In the liver, subacute exposures of adult rats 10 0.4-4.0 ppm NG, caused a pericdic
decrease in the microsomal constituents, especially cytochrome P-450 level, while those (o
0.1-0.4 ppm O, did not affect the constituents of microsomes and mitochondria. Exposures
of aged rats to 1.2 and 4.0 ppm NO, resulted in a persistent and augmented decrease in the
cytochrome P-450 level and 7-ethoxycoumarin O-deethylase activity. On the other hand,
aherations of other microsomal constijnents were not modified by aging of rats.

1. BESAEHSEr BE4SE F 305 W I 16 &2
Basic Medical Sciences Division, the Natignal Institute for Environmental Studies. 16-2 Onogawa, Tsukuba,
Tbaraki 305, Japan.
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In the kidney, subacute exposures of adult rats 1o 0.1-0.4 ppm O, and 1.2-4.0 ppm NQ,
increased the levels of microsomal constituents, especially that of cytochrome P-450.
Exposures of aged rats to NO, and O; led 1o a delayed induction of cytochrome P-450. The
activity of microsomal reduciases were also induced in aged rats in a fashion similar 10 adult
ones. The succinate-cytochrome ¢ reductase activity of mitochondrial respiratory system
showed a decreasing trend in adult rats upon exposures to NO, and O, and was led (o an
augmented decrease in aged rats,

These results show that aging leads t¢ an augmented decrease and delayed induction
of some membrane constituents of livers and kidneys.

1 @Lsic

INETICRENTAKERTATHD ZHEER (NO,) &4/ (0 27 v PEREBL,
BRI O E BRI BRI TEEIC OB TRE L TE L, 2ORR, HEHEBRED NO, BER
HRBE, B-RENRSECHLMO a2 s THBRUERO: 70y — AR bav Y7
RAEEEE RS ILEROELEY, choBROLBERERSOREEEZ, 370y —ala,
Bz BB B R <, MR U T 0.4—4.0 ppm NO, 2 & 1 72 {E T2
B0, BT 1.24.0ppm NO, ik b 3 7 0y — ARAOFEEMLZ 5, ~4,0.2-0.4 ppm
0: 07 PADHANRBE, Mooy - LBYRERLHEENCIEIRL L L biz, B
DIyu)—LESEREET Y, IHeORERIE, NO, £ O, L CHER~OEESLTL R
—THWIEERLTVLS,

YOI B OERER IOV AV OETT 5 I LB HBEShTREY, ZOERI,
ERCBI 24 BEESOESROET, $73EHORECLIZ EZELOSNTVS, FHET
i, NO, 0, DBEEEBEA~OFELT v ORI LD EO L3 Efishsmhicon
THE L 72

2 HECEE

2.1 EBHEGERUBREOERE
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PA—FRUE 70V — AESOFAMEEECEL L R FETT oY

2.2 BRFHOE

FhaYRYTOINTE-F M2 ol e BUERERR, REYR2-b2HAVTHEHCEL
T HETHEL 2%,
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Table 1 Changes in the cytochrome P-450 content and 7-ethoxy-
coumarin O-deethylase activity of liver microsomes during
three-months exposures to 1.2 and 4.0 ppm NO,

Exposure Exposure Cencentration (ppm)

Period

Control 1.2 ppm 4.0 ppm

Cytochrome P-450 (pmol/mg of homogenate protein)
14-months old

1 month 69.0L 7.2 633+ 92 (9D 492+ 102**( TI)

2 months 67.5+ 59 669140 (99 652+ 46 (97

3 months 695+ 7.1 621+ 8.0 { 89) 5522 10.8* ( 79)
24-months old

| month 583+ 9.2 6924+ 82  (118) 420+ 8.5 ( 72)

2 months 6.6+ 6.7 474+ T.1** ( 78) 425+ 82%* (T

3 months 38.1+ 4.6 45.8+ 68** (79 5094 9.0* ( 88)

7-Ethoxycoumarin -deethylase (pmol/min per mg of homogenate protein)
14-months old '

1 month 8041 49 0.6+ 58 ( 88) 68.61+ S5.8** ( 83)

2 months 784+11.3 729+ 94 (93 659+ 8.2** ( 84)

3 months 79.9419.8 836+ 6.3 (103) 75.3+286  ( 94)
24-months old

1 month 5641214 626110 (111) 446144  ( 79)

2 months 59.7+159 3954 9.7+ ( 66) J38E 6.5%**( 5T

3 months 53.5+142 57.0+199  (107) 5351140 (100)

Values are expressed as mean +£5D, n=1(2. *p<0.05, **p<0.01 ***p<0.00].

B, 24 HET v P Tk 4ppm NO, RE2 pHHCOAFELHIMERL 2. TORKRIE, NO,
BELL2F 700 b 0FESERT v FTRIMMENEZZ L EZRLTVS, DE I
v — 54, NADH-F b 7 0 & b BIOEFE R NADPH-F + 7 v 4 P-450 BTBROER b
NO, BB L vFH2NLY, MR- OFFCEEXRITs R o7, I PV T Y THESR
DaANZE-F b7 T b c BUERBEEER, UoABY v b TR 4ppm NO, £ 1 AR O A
HEERO 88% (p<0.05) WET LA, 1.2ppm NOSE T 3 »AHCHERED 110% (p<
0.01) gL (F3. 4 0AE7 v b TR, HIRERsSAT4pm NO, BB L 2, 3o
AEHEUF1.2ppm NO, BB 2 0 HHEEERECES B L, Lz 2T, NO, BB L3 a0
IEE-F k7 ah cBTEFEEOETHR, E&H7 v M CRHEENE 2D LD{ENL NO, BETY
sk o7,
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Table 2 Changes in the contents of cytochromes P-450 and.b, of
renal microsomes during three-months exposures 1o 1.2
and 4.0 ppm NO,
Exposure Exposure Concentration {(ppm}
Period

Control 1.2 ppm 4.0 ppm

Cytochrome P-450 (pmol/mg of homogenate protein}

14-months old
1 month
2 months
3 months
24-months old
| month
2 months
3 months

0.64+0.11 070020  (109) 1.2840.35**+(199)
1.66+0.16 L10+0L13***(167) 1.01£0.28* (153)
0.68+0.09 0.88+0.F1***(129) 0.76£009  (111)
0.4740.17 0444030  ( 94) 0.57+0.30  (120)
0.50+0.13 0.95+0.30***(188) 0.87+£0.36%**(173)
0.53£0.19 L11+0.26""*(212) 0.57£0.30 (108)

Cytochrome b; (pmol/mg of hamogenate protein)

l4-months old
1 month
2 months
3 months
24-months old
| month
2 ponths
3 months

16.5+3.5 18.54+2.5 (112) 196+ 1.4 (119)
152427 18.8+2.7 * (125) 21.8+3.4 ** (145)
163422 214420 ***(131) 18.7£2.1 = (114)
152425 17.0+5.2 (112) 18.1+5.0 (119)
16.1+3.1 17.9+3.7 (11 19030 = (118)
16.9+29 18.8+2.8§ (1t1) 18.0+2.1 (107

Values are expressed as mean +5D, n=12, *p<0.05, **p<0.01l, << 0.001.

* 3 12EC40ppm NG, 3 ABRBIEC B 2B hav K
UFPOaANTEE-F b7 0L ¢ BTEEEEOTL
Table 3 Changes in the succinate-cytochrome ¢ reductase activity
of renal mitochondria during three-months exposures to
1.2 and 4.0 ppm NO,
Exposure Exposure Concentration {ppm)
Period Control 1.2 ppm 4.0 ppm
14-months old
1 month 21.6+3.2 21.7+£24 (100) 19.1+2.3* ( 88)
2 months 0826 200412 { 96) 189+22 {%H
3 months 25417 26027 (116} 230+£1.7  (102)
24-months old
1 month 252436 239+48  (95) 19.0+3.3%*+ ( 75)
2 months 19.6+1.6 169+27 ( 8A) 17816 (21
3 months 267429 239148  ( 90) 23.4+3.0* ( 88)

Values are expressed as mean +8D, n=12, *p<0.05, **p<00l, ***p<0.00L.
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(p<0.05) BUF137% (p<0.05) AL 720 23 F@ 9 v P T 0.2ppm O, BM 4 BH D
AEEWCHEML 72885, 00ART v b CTREELEIsHEES N » o D370y —LHE
W4y, NADH-#+ b 7 0 2 b B ER U NADPH-# | 7 0 & P-450 RICEEROEMLHIT,
EOiE L 2 MR o tz, IHOORRE, 2oy —alodTtyF o
L P-450 BBEBR L - TRLVEZCET s N, BVONBCHEVWHERIHENE L2 RLT
WV EHIC, O BRILE2B: 70V —AD T T bRy 72 MR F LR E Ly

# 4 0IERUV02ppm O, 4 BRBI KT 2B 7Y ~L0
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Table 4 Changes in the cytochrome P-450 content and NADH-
cytochrome b, reductase activity of renal microsomes
during four-weeks exposures to 0.1 and 0.2 ppm O,

Exposure Exposure Concentration (ppm)

Period

Control 0.1 ppm 0.2 ppm

Cytochrome P-450 (pmol/mg of homogenate protein)
17-months old

2 weeks 0.649+0.318 0.775+£0.294 (115) 1.078 £0.212*(166)

4 weeks 0.6450.115. 0,776 +0.205 (120) 0.885+£0216%(137)
23-months old

2 weeks 0.521+0.293 0.670+0.181 (128} 0.690+0.212 (132)

4 weeks 0.544+0.185 0.559+£0.210 (103) 0.778+0.129* (143}
30-months old

2 weeks 0.498+0.288 0.6021+0.236 (121) 0.54610.294 (110}

4 weeks 0.492+0.227 0.522£0.175 (106) 0.631+0.258 (i28)

NADH-¢ytochrome b; reductase {(nmol/min per mg of homogenate protein}
t7-months old

2 weeks 220x2.6 3284 b4% {123) 26,6 2.0* (112)

4 weeks 242430 22,6152 ( 94) 262x1.6 (109}
23-months old

2 weeks 26.0+54 32,660 (126) 20.0+30 (112}

4 weeks 252+22 228+1.0 ( 91) 26.8+04 (107)
30-months old

2 weeks 27.2x54 334140 (123) 3221440 (118)

4 weeks 252124 25.8+26 (102} 260130 (103)

Values are expressed as mean £3D, n=8. *p<0.05, **p<0.01.
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Table 5 Changes in the activities of 7-ethoxycoumarin
(-De-ethylation and benzo (&) pyrene hydroxylation of
srenal microsomes during four-weeks exposures to 0.1 and
0.2 ppm O,

Exposure Exposure Concentration {ppm)

Period

Control 0.1 ppm 0.2 ppm

T-Ethyoxycoumarin (-decthylase (fragl/min per mg of homogenale protein}
1 7-months old

2 weeks 125+ 16 133+ 15 (106) 173+ 12*** (138)

4 weeks 120+ 18 1224 23 (103} 126+ 23 (107)
23-months old

2 weeks 110+ 22 117+ 20 (106) 129+ 30 (117

4 weeks 14+ 20 116+ 36 (102) 152+ 32 (135)
30-months old

2 weeks 130+ 46 142+ 30 (109) 150+ 55 (115)

4 weeps 124+ §2 126+ 26 (101) 166+ 36* (133}

Benzo (a) pyrene hydroxylase (fmol/min per mg of homogenate protein}
17-months old

2 weeks 419+ 181 461143 (1I0) 310+312 (122)

4 weeks 4201192 357+151 ( 8%) 3154203 (75)
23-months old

2 weeks 220+ 71 251+108 (114) 238+127 (108)

4 weeks 239+128 182+ 53 { 86) 1774 44 { 74)
30-months old

2 weeks 145+ 61 152+ 60 (105) 83+ 22 ( 57)

4 weeks 139+ 15 97+ 20 (70} 111+ 24 ( 80}

Values are expressed as mean £ 5D, n=8, *p<0.05, **""p<0.001,

KELEROELERL 2, 170A8% v b T3, 0.2 ppm O, 85 2B ICRHEED 138% (p<
0.001) IBINL 2% 4 BECHNBERO VAL -7, — 7, BEVINHEEHS v T,
4E B EREO & 2135% (p<0.05) K1f133% (p<0.05) MLz, L7edsoT, ARER
EEOEIL, EH7 v FTRBET2 £ 603, 2V v KB LESER, 17 K23
FHZy rTH0.1RV0.2ppmO; REAHEHCETHERZTRL 2. 30 A&7 v b Tid, 0.2
ppm O, 5 2 H B I HEEEED 57% (p<0.05)IE T L, 0.1ppm O, B2ET H 4 HEIC 70% (p<
0.05) WIET Lz,

FoIZ, 3 PAYFUTOINIE-F by oL c BTREEEO O, BBICL o2& LETL
7o 1TRU23HHEZ v b TRETERASES S, 3020AR7 v F TREBE4HEBCOLIE
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Table 6 Changes in the succinate-cytochrome ¢ reductase activity
of renal mitochondria during four-weeks exposures to 0.1
and 0.2 ppm O,

Exposure Concentration {(ppm)

Exposure
Period Control 0.1 ppm 6.2 ppm
17-months old
2 weeks 242136 268£26 {111) 225450 (93)
4 weeks 23.6+33 21.9+26 ( 93) 212431 (90)
23-manths old .
2 weeks 24.6+2.7 234134 ( 95) 21.5£38 (87)
4 weeks 283146 23.716.5 ( 84) 24.4+50 (86)
30-months old
2 weeks 23.1+4.1 203+26 ( 88) 19.4:£28 (84}
4 weeks 222443 178114  { 80} 17.2+1.2**  (78)

Values are expressed as nmel/min per mg of homogenate protein {mean =SD, n=8). *p<0.05,
" pC00L.

U 0.2 ppm O, THEBEO & 280% (p<0.05) K1F78% (p<0.01) {ETL .

4 £ B

AEOFRE, NO;, O HRMEREIC X 2BROGSBERS~OBEHN T v bOIIc LY
BHEN L ERLTVD, B BT 2 NO, O:BBOBE, 370V —2RS05HEL
WIREEEY B, 370V —LRAOFTHF L7 ok P-450 SROKIMSEETH -7,
NO, O i2d 38170V - ARHOLBENER DL TRFHTH 24, NO, RO itk
TRFRSRTER T 28R EMORBCEEL TH200 s Lt v, NO, BBk 2BEOF +
7oL P-450 DFFH, FEhT v P CEEL (R, BTERIOMOI suy—sKHY
NO, B L > TEHEN D25, MG L2 EBHIBEaNE o, O, BROBELER,
F b2 0L P-450 DEBEIEHT v b TBEL LS, O3 7 0y — ARSORGRIBIC LD
iz o2 (FE . O RBTE, FL7aAP-40 41 VEBERECLIIMEERE T-2 F &
7% e F VALEROTE ST v b OB X DIBEEL 228, RV VE L VKBS TR
BERLENMEBREINT, 00| v PTRIETLRZERS), COBRE, O, BBt X3+
7o P-450 OFHLHLEO A VEBRCBENOS LSS RBLTWE, 3 7oV — Ll
BoaohTLF 7oA P-450 &, BPoiRi Y ESRERET T2 2 L8l a T
VB AR BV TRWE AR F L 7 0 A P-450 BHOME K L 288, Bk 24
BRECETFTHNRE LR > TV ATAEEENE L 2 b,
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NO,, O, 88, I I F Y TIFRROBHEBRE - B o T3 37 F b 2 0 A ¢ BITE
FEMOET R ERS v PTHASER(ES 6), B, NO, REic LBz 70y -4
BAOETH, ML OBEAsEEN >R (E D22 o0V — AlRS0ET O &
LH0E N, BB R F b 2 oA P-00 W REMMEL, HIEOF ¢ 2 0 LP-4504 ¥
BRI TH 2 ARENA TR 2 h i (B 2),

fEam e LT, NO,, O, EB iz L 2B EEER S ~OREOMEN X 28813, 70V —24
Fsr, R F b2 0L P40 OB TOFEORIL - HIRTOBTOREBER R TH >, %
o, Wibav P 7ORRREREEOETOMELEI o7, IheOFERE, kL 2
SERREOET LD, EREW TR NO, © O,0FRCH L TRIERESH2CTbhi wif
BRI L T,

4)

5

6)

7

8)

9

5 H X #®

Takahashi, Y. and T. Miura (1985): In vivo effects of nitrogen dioxide and ozone on xenobiotic
metabolizing systems of rat lungs. Toxicol. Lett., 26, 145-152.

Takahashi, Y. and K. Mochitate and T. Miura (1986): Subacute effects of nitrogen dioxide on
membrane constituents of lung, liver and kidney of rats. Environ. Res,, 41, 184-194.

Takahashi, Y. and T. Miura (1985) : In vivo effect of ozone inhalation on xenobiotic metabolism of
lung and liver of rats. J. Toxicol. Environ. Health, 15, 855-864.

Van Bezooijen, C. F. A. (1984) : Influence of age-related changes in rodent liver morphology and
physiclogy on drug metabolism-A Review. Mech. Aging Develop., 25, 1-22.

=H S-BEESmURS - HEFE - BE O F(1980): 7y MEMC 3 oV —ABTFEE
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In-17
A/ RBYENE Y PREFRBHOHREMNREL VIS
ERZ I 08T 2RISR TEE
Effect of Ozone Exposure on the Inherent Tone and on the Responsibility to
Histamine in Guinea Pig Tracheal Smooth Muscle

HAR—#" « /NRERSA
Kazusuke YAMANE! and Takahiro KOBAYASHI!

g2 ¥

VA ONBRESTEORIGHE R TREEMITT 2 —RLE LT, 04ppm G0 3, 7,
14 AREENSE RSO EREERUE A Y s YNt AR kg4 885 €
LEy P OEHERETEGTRE LT, 04ppm O, 3, 7 AR 14 AMEZROT LTy
FEEEBRSOAREEBrEERE R Aot YUt F LS~ FOIEE
RTHAIA AT >y, BRI oLa b))z A(LTIOEIHETH 5 FPLSTI2 AABIC
LD, BEMIEEON, WEE YRS 752 (PR LTEIZ L DRI TYL S
BREINECNT 2 OEFBOEELEEIR A » . RETHRHOL A Y 2 vl
FTEREML OZBH L NEROBCEERER Lol AV VA Yy, Bhid
FPLSSTIZ T TO LAY s VI 2R00M L BBMENERroMTEEER
feinoiz,

Abstract

Female Hartley guinea pigs were exposed to 0.4 ppm ozone (O,) for 3, 7, and 14 days
and the tracheal smooth muscle was isolated to investigate the effect of O; exposure on the
inherent tone and response to histamine from the aspect of arachidonic acid metabolism.
The O, exposure did not affect significantly on the inherent tone. In order to examine the
effect of the O, exposure on the contribution of arachidonic acid metabolites to the inherent
tone, indomethacin, a cyclooxygenase inhibitor, and FPL 55712, a leukotriene antagonist,
were used. The O, exposure did not affect the relaxation of the muscle induced by these
drugs. It indicates that the contribution of arachidenic acid metabolites to the inherent tone
was not affected by the O, exposure. Contractile responses to histamine in the presence and
the absence of indomethacin or FPL 55712 were not altered significantly by the O, exposure.

These results indicate that the O, exposure did not effect significantly the inherent tone
and the contractile responses in the tracheal smooth muscle in guinea pig.

L ESrAEFER REEES T05 TR Ot 1652
Basic Medical Sciences Division, the National Institute for Environmental Studies, 16-2 Onogawa, Tsukuba,
Ibaraki 305, Japan.
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(LR = /R A

1 ELEHic

ELEy POREEEHI LAY Iy, afar)y (LT), 7oAy 75>y (PG &
OBR RCFEEMECRTARIEEERE T 200, [EFBHOMRICEI Ao TS,
—#C, PRI HAREOIE (FE tonus) #LTED, ELEY bOKEIHCE
W b RO BRI (HBREIGD) Haon b, ZoBRENREE, Tty PRER
BRIV 704 F vy F—XOEER THE2A Y F ATV DI LT OEMBITH 5 FPL
55712 2N % L WHMEE T 2 2 s, BERNCESEZN LT 7% F VB (AA) BEWIC L
DHREINTWAEEHEZ R THAEY,

=%, OBBCLD LTy bOFTERICHESTUET 6 2 LHREFENT2% 0 0:RRE
X ZRIERIGEDUER AAREEMCN I 28R L0 N 2, 2D s O, RE
W AREFREEEO AA RBOEIHTED KO TTHE L MEL2 B OTREENREE L
728, SGHAO EHRMEEE AA R L ORISR TV 20T, OB EFRBGEED
AAREIEELEZ 2 ¢ TR EBEEIEE RN TOARENH 2, 22 TS5E, 0.8
FERCHCRITTEEERT2E0T, L1ty MEHSETEGH B ERMRER U
DEAF 3 T 3 RIEH B TRE AL 2.

2 A &

2.1 RBEHRUSETSIHESOER

m- b L—FlEELEY b (RE 330~T730g) £ 0.4ppm O, 3 H, 7H, 14 ARBEL 7,
BB SRS RE L, BERTHRILEy P OBEBEWITURME £ D E&L, |
EURSEHE, FHRHEEELZVIICECHEERBH L, MELALRE R, Krebs
Henseleit solution (KHS) #B L7 v+ — O TRESHERS, JEHS 20DV RE, B mE
oY 2 2 TEERK 9 EER T By 72, £93 mm 0> 0FEHYE SHEH T
By, SO0OFEBETIRFSEENAIITIZEN L, BRICBWTiY, HEEO=6
~7) BROUFBBEFE (n= 6) 280 TIREHR & pREl & B ERI0 = DO 20 & ¢ adi o B
iz,

LLED & 3 i L ORI - S8 SFlAEAR R, 10ml @ KHS # Adh, 95%0;+ 5 %CO. #W &
ABHY p iy b & ITCEATIEE L F-A VA o AThIZREE L 72, ST OgE L7 4
RRVTAREORETFHRANVA Y AACEEL, EEERE N7 VAT 2 — ¥ 2R EHM
BOFH £ BE Lz,

2.2 BRHEBOATRTE RS I REHEORET

2.1 RREVEBCBRELL-AEVEFEARL, KHS 2 4B S CRAL 495 1 BT
mBWhE, a) B0E (normal KHS), b) 1 gM A ¥ F Az v &0 KHS, ¢) 1 uMFPL
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SETRTO RS Rz T B

55712 %S KHS O 3EOWK IO B2 0 0B S &ML 2mas LEMA > F a~x—}
L EREBGEO R E2H G, | BEEBERAIOESHEE LRET, t A5 2 &2 BN
ATHE, 0.1~10 M QLR T 3 XN 3 RIGER T, AP 2 VIR 5 RIGS BRI
¥BL7-05%5 mMEGTA #%¢ Cafree KHS THEE WA SCRAETA v FaX—rL, i
PEAME A, AIEERE, EAMES~—2AF 4k LTHELX active tension (g) TFF
L7, TRTOHRE, RERNBEEHPETL TV, GRERBHL T ONICT 5 XM
kLT,

I8 R

3.1 BERMIEO LR

SETRGOPBFMENBCRET ORBOEE R R 1~ LRl L, [EHERE, f11~1.5
gOENEF->TH D 1B KHS LEAiE CHAEELRELR Rk o7, HFEEEED
KE X FOTRORERS 7 ORI L OB CERARZR B o7,

WiHRERO Y 7ot 7 - ERMERC LT Hic L D#Rs 2 3RIERMECNT 2
OBBOBEARMI L. A FAF Yy (1 M) BEREE s AEICHED & 27, NEE
DHRSIEOH DWITRBEH L 2 ONBHOMTERESZI o b >/, VRF¥ 77 —¥
ORBEDTH S LT oHHHTH 2 FPLS57I2 4, 1 4M OBECHRENNE 2 EBCRY
s, AHEBEOERERIBEE DL TREBEH L zoWBER L OMTERERER ko,

3.2 ERE3IVICHT ARG (H1~3)
BI1~3 RS TFW|UOEASY S I TaREHIERIZT ORBOEE SR L, ELE Y
PREMHIZEAS L CEE0CM 25 [EBUES 10 M TIRERERCELL KHSHWTZo

#x 1 AR A&y, FPL 557124081 ) 304ppm O, 3INMREE
MEY P EETHBHOBRMIEO L (6 g)

Table 1 Effect of indomethacin or FPL 55712 treatment on the inherent
tone of tracheal smooth muscle isolated from guinea pigs exposed
to 0.4 ppm O, for 3 days (g)

20 it control 0O, exposed
normal -KHS MR 133 &£ 044 124 £ 055
{ih) WmEE 162 1+ 070 131 = 066
IuM oA F AT FBERT 156 + 036 145 + 036
(1h) MERE 046 £ Q16" 046 +  0.12°
1M FPL 55712 MERT 136 & 035 133 + 068
(lhy MR 059 + 0.8+ 067 + 033

a: FHHEESD (n=6), b: YIEH| L ARERMO HEE, *+p<001, **+p<000l
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# 2 A RAZ o, FPL 55712408Bi2 L B 04ppm O, THNRE T
VEY FREFERIO RGN ORL (B g
Table 2 Effect of indomethacin or FPL 55712 treaiment on the inherent
tone of tracheal smooth muscle isolated from guinea pigs exposed
to 0.4 ppm O; for 7 days (g)

0 i} control 0, exposed
normal KHS MBERT 143 £+ (480 156 + 066
(1h) MEE 132 = 018 167 & 045
uM 4 > FAZ o WEERT 153+ 032 155 + 037
(1h) AEEE 040 = D06*c D47 & D427
1gM FPL 55712 MIBET 158 £ 047 .31 + 053
(lh) M 035 £+ 008+ 043 + 00*

a: FEHEESD (n=6), b: JLEBHG L ABEMOHEE, *P<005, *" P<O0l, *** P<0.00]

= 3 AP AF, FPLASTIZAEIC L 204ppm O, 4AREE <
Ny P REEREGO EFIEOE (i g
Table 3 Effect of indomethacin or FPL 55712 treatment on the inherent
tone of tracheal smooth muscle isolated from guinea pigs exposed

to 0.4 ppm O, for 14 days (g)

0n b/ control O, exposed
normal KHS HLFRR] 121 + 0.26° 136 + 037
(1h) Mg 145 £ 058 135 + 052
luM £ > K A5 MEE 157+ 031 156 + 047
(1h) MEE 043 &£ 0U3vr 053 4+ 0194+
1#M FPL 55712 MEE 144+ 042 143+ 043
{1h) HEE 049 L 028 045 + 0.13*

a: FHEESD (MBHn=7, SHHn=0),

s+p<0.01, ***p<0.001

HEGEO A S 3 e U CRET 2R, RER NEBTHEELEE 2o B,

g1 M A RAFVEFEET (K2), 1 p)MFPLATIZHEET (E3) @BiPA2EAF 32

b MERFI = MEEM O SHE,

YR LB DV THREN, NRBHTERRZRRohis o7,

4 £ B

SRDESFER LD, OGRBEOBECL2ELTy FAEMINEOEERTHE R eR
atr, BREIUEICIZEREZEN S T 20EE T DINAE 0, ORBOERGIE~DOEE

Broasos0dhiEBh, FELEESRLIEeRh o8B L LNS,

AR APV ENHEROY yFud - — VREMEDOEL L IED-ES, AFRN
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SETHEO GRS RIZT B

Tension G

Active

& & 4 7 6 5 4 7 B 5 4.

Histamine GConcentratien -fog Molar

~i

B 1 Erey bPREERBOCRY S it 2008 (£ 3HESE
&=, e THESRE, & 14 RESH)

Fig. | Contractile response of guinea pig tracheal smooth muscle to
histamine (left: exposure for 3 days, middle : exposure for 7 days,
right: exposure for 14 days)

O clean air exposed animal (n=6~7), @ : 0.4 ppm O, exposed animal {(a=
6). Points represent mean ; bars show SD.

I &

s

-

& }

@

> ]_ /

z |t

= 0- [ . — 1 r~ T — —) r | )
7 6 5 4 7 6 5 4 7 6 5 4

Histamine Concentration -log Molar

B 2 AyFAFyy (1gM) BEETEsB 20Ty FRETRED
E Rt BIERIG (£ 3 HARE, 1 7 BlRE,
G 14 HiARER)

Fig. 2 Contractile response of guinea pig tracheal smooth muscle to
histamine in the presence of indomethacin (1zM) (left: exposure
for 3 days, middle: exposure for 7 days, right: exposure for 14
days)
() clean air exposed animat (n=6~7), @ : 0.4ppm O, exposed animal (n=
6). Points represent mean ; bars show SD.
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R~ - /g3,

5

G

+

P
h

Active Tension

7 6 &5 4 7 6 5 4 7 & 5 4
Hist amine Concentration -log Molar

B 3 FPL 55712 (M) BETE BT 3ELTy PRETFHEHOE A

' F 2oy ARG (K 3 HMRE, J: 7 HFERE, §:
14 HR#FE)

Fig. 3 Contractile response of guinea pig tracheal smooth muscle to

histamine in the presence of FPL 55712 (1uM). (left: exposure for

3 days, middle : exposure for 7 days, right : exposure for 14 days)

(O clean air exposed animal (n=6~7), @ : 0.4 ppm O, exposed animal (n=
6). points represent mean ; bars show SD.

IHREEBECHES T 20t 0B R0 EREMRC 2T O.RE EMBETERLERA LGN
iz, E72, LTIEH) (FPLS5712) kX D REMO LT OER #EH L 2BSTLRET
Hof, ths ORI, BRUIUED S 5ARNE PG KU LT L X 0 #E L2 30 5 50H
EERMECRL T O.BBOFRLBEIRshiah oI ERL TS,
O:RBHENBEHLOBTEAY 2 YT 2 8B ERBORICECEREAZR ko7, &
fr, A EAF vy, FPLRTIZFEE T CO LAY 3 YR X BB »w Ty HELRENAGN
ipotelkE D, ERY I VL DBREEANGAEORIMICHEEY S 5REEOH 2 AAR
BCBLTHL O,BHOEEsHon v EE Z ond, VRGO KL TREERE S E
OB BNEBCLALDEELZHNTHEY, BHAEFREH A TRIGES2 BR2S5HD
FEERR LS5 O.RES NSRS A AE N PEBORICHEDOTUHELZH v ) & L EHER
TELPoT,

— 202 —




2)

3)

4)

3)

6)

SETHRBO B A AE SRR+

51 B X ®

Kirkpatrick, C. T. (1981): Tracheobronchial smooth muscle. /n: Smooth muscle: An Assessment
of Current knowledge. E. Biilbring, A. F. Brading, A. W. Jones and T. Tomita (e4.), Edward Arnold,
London.

Mansour, 8. and E. E. Daniel (1986): Maintenance of tone, role of arachidonate metabolites, and
effects of sensitization in guinea-pig trachea, Can. J. Physiol. Pharmacol., 64, 1096-1103.
Giembyes, M. A, D, Raeburn, J. A, Raoberts, [. W. Rodger and N. C. Thomson (1983): Effect of
guinine, indomethacin and FPL-55712 on contractions of guinea pig airway smooth muscle. Br. J.
Pharmacol., 80, 446P.

Eaton, R. E. and 8. D. Murphy (1967) : Experimental ozone exposure and histamine : Effect on the
acute toxicity and respiratory function effects of histamine in guinea pigs. Arch. Environ. Health, 15,
160-166.

Murlas, C. and H. K. Lee (1985): U-60, 257 inhibits Ozone-induced bronchial hyperreactivity in the
guinea-pig. Prostaglandins, 30, 563-573.

Gordon, T., C. 8. Venugopalan, M. 0. Amdur and J. M. Drazen (1984) : Ozone-induced airway
hyperreactivity in the guinea-pig. J. Appl. Physiol., 57, 1034-1038.

— 203 —



ExAEMRMARRE B 55 (R-115-88)
Res. Rep. Natl. Inst. Enviren. Stud., Jpn., No. 115, 1988,

I1-18
TV oRBYTIVRE RS S o RHCREITERSE
Effect of Exposure to Ozone on Histamine Release

from Lung in Mice

BINER « KEFHHE? « BEFN® « 1 LIEE?
Tetsuo ASHIKAWA! Yoshio HONDA?,
Hidekazu FUJIMAKI® and Masataka MURAKAMI?

£ B

0.8ppm & V' (O,) &2, BALB/cifi~v 7 X, W/WY = 7 2, +/4+ =7 A Dk
TR BT HE I 2u TR L7, BALB/cw v AR, | H, 3RV 1 BHEET
MREEOET LM 2ol i, BEO LAY s Y BROB{LRES s hkd -
72

€27, COMBEROMINC, BEMRAES L TWanE I ne{s8HT, W/
WY AE+H/ R TRV RBETo> M. ERY  CEEHRTH 2 IEMEE K
|/ 2 W/W vy AT, HEMSEE THEEROBIEED Lhatesd, W/WY 272
OEFEATH O ERmEREERET 2 +/+ <7 AT}, BALB/c v 7 R L EIRRICTEERO
HMimsEbent, LoL, +H/+v T ATHIE R Y I RO S o7,

HEDRHELD, 08ppm O, RBI L D, Mt A : vREFEML G, HEERO
EMRIRD &, oMM REEEOME L Ty 2 AJREMEASRE S L,

Abstract

The effect of exposure to ozone (O,) on histamine content in lung was investigated in
male BALB/c mice, W/W" mice and +/+ mice. BALB/c mice were continuously exposed
to 0.8 ppm O, for 3 hrs, | day, 3 days and 7 days.

In other experiments, W/W¥ mice which are mast cell deficiency and +/+ mice which
contain mast cells were continuously exposed to (.8 ppm Q, for 7 days. In BALB/¢ mice,
the increased lung weights were observed in | day, 3 days and 7 days exposure to Oy, but no

1. BEF0 S8~60 EEHE ‘@.ﬁi}%ﬂ%?ﬁ%@ﬁ%é (RREESERRYE 7105 FEEEHHEEATRI1-25-8
Rescarch Collaborator of the National Institute for Environmental Studies. Present address: The Jikei
University School of Medicine, Nishishinbashi, Minato-ku, Tokyo 105, lapan.

2. MR S8~60 £ EIAEWRTEARAE (HERESERAE T105 HFEIHBXAEE 3-25-8)
Visiting Fellow of the Natjonal Tastitute for Environmental Studies. Present address: The Jikei University
School of Medicine, Nishishinbashi, Minato-ku, Tokyo 105, Japan,

3 ESOEIAE BEEERH T 05 KMEO JEmASN 6%

Basic Medical Sciences Division, the National Institute for Environmental Studies. !6-2 Onogawa, Tsukuba,
{haraki 305, Japan.
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significant change was observed in histamine content of lung and nasal mucosa through all
exposure periods. The increased lung weights were also observed in + /4 mice, but not
observed in W/W" mice.

These results suggest that the increased weights of lung induced by O, exposure may
be partly due to the presence of mast cells.

1 s

0 it 1% edematogenic gas ¥ L TEIS A &£ 512, FNERAT S I LiIC L DITEAAKE,
frfeEfiiad 2 EEMnF s T a5y, Linl, JOMKEFRED A # X AKDGTEAEL
EPBEIRERTVS,

22T, AFETIE BALB/cHE~ v A% T Oy BEEITO, HRCBEEOEEE - & 2
FIVvEOEREANS L, MKEOREEC Ay L Y ESET S IEWARHSEEL T
BHEIEES ST BB, AR KET B W/WY T YRk, £ 0BT BN
ERERBTAIH/ TV RACHLTL O, &REETY, O RBEIIWAERED A H =X LD
i A

2 HBEHE

EEREIE, 68RO BALB/c v 7 A (HAF v+ — AV =)t W/WY BT AR +/+
w2 (GHERSMBREES) 2RV, 0, 0BRR&, BHEE L8B4 T, BALB/
c®y AL Tk 08ppm CBE T I, 1H, SHEVF 1 EHSEHFEEL 2. W/WY =72
EU+/+~vo XL TH, 0.8ppm QBEET1EMERERE L2, t A5 I -BOBER, 8
BRTH, LM SEEEROBE A Y I 8% Shore 5O FEN R I VFEL, &5
BBERN OO AL I vEFERLL, FHECEOFESERE R, Student © t ME 2
N AN

IR

3.1 O RBUISMHRUSKIETEROED

BALB/c =7 X2 0.8ppm O, EERB* JBW, 1H, 38RV T7 BT, BRic &#L,
AR CAKERER 2 EE L2, 2OBE, JFHBE TRELEEb S o7, 1H,
3 ARV T BSH TE, HEHCHAATWEREEROBIINES SR (D, SERRE
B2 BREEAEL CRHEANE O, REH LOMTELE R oAkt o (R12), Wi, M
e RETZ W/W vy ARUEHEAREREST 5 +/+7 7 A 0.8ppm O, DEFEER % 1
ST, BALB/c =7 A L [EHOBEEOME 2T oo +/ -7 ATR, MEEEHEDH
gt & iz ds, W/WY e v A id, MEEEERCELERBDNE 23, REE
BEEOELET YA TR o1,
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o CONTROL
tma) o CoMRL o EXFOSD
® EXF0SED
1 (mg)
4
6 -
& 5F
]
¥ g
& 4}
]
&
3 L
2L
P
T ' 1 y ' — 1+
i 1d id d
- 1 ~L ]
3h 4d 3d 7
I 0.8 ppm O, #§ D BALB/c =17 ¢
. AFHASERER I RIT TR 2 08 ppm O, RED BALB/c <
Fig. 1 Effects of 0.8 ppm O, exposure on A MBS ET R B
wet deht? of lung left lobe in Fig. 2 Effects of 0.8 ppm O, exposure on
B‘?LBXC mce wet weights of nasal mucosa in
All values are expressed as mean+SE :
(a=6) **P<00l, **"P<0.005, h: BALB/c mice
hour, d: day
ta) (B)

CONTROL :ﬁ CONTROL E]—'
oro = - =

|
50

TR

: i
1 51 180 (g} 0
HET YEIGHTS WET HEIGHTS

3 08 ppm Q, 7 HFARBDO W/WY¥ w9 2 L +/+ < v ADIEHER
BRIRZTEE
Fig. 3 Effects of 0.8 ppm O, Exposure on wet weights of lung left lobe in

W/WY¥ and +/+ mice
(A)in 4+/4 mice (B) in W/W" mice. All values are expressed as mean £ SE
(n=6) » P<0.05
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32 O, RBCIsWHBRUBKBEOLRSY I VBR~OEE

BALB/c

T AOBROBERNS- VO AS 3 YEZE 7T AMRE TETHED & 68,

MEERE RS 2 VB, £EBPHErRACCREaeh a7 (K4,

W/WY =7 AT, MIEE, BMEEbICEAY I vdiishih ol +/+7 7 ATR,
RMBERLSZ VDL RS I VBICRETHASHIS, HAEBERAY & JEBELEA
siviidof (H5). BHMBECREAY I V&, HUBEREYLIOEAS I VEZTARTOR
v ATELBRED o hzd oz,

RISTAMINE

(B)

{ng/mg)
(A) 0.6

(ng)
0.5~

T

-

0.3}

HISTAMINE

0.2~

il ) o

T
1 1 | 1

|
Jh 1d 3d d an 1d 3d Td

X 4 08ppm O, E¥D BALB/cv 7 Afit R4 : vRICKRIZTHE
Fig. 4 Effects of 0.8 ppm O, exposure on (A) total histamine and (B)
histamine content of lung left lobe in BALB/c mice
All values are expressed as meanXSE (n=46) **P<001, O control, @
exposed
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Fig. 5 Effects of 0.8 ppm Q, exposure on (a) total histamine and (b)
histamine content of lung left lobe in +/+ mice

All values are expressed as mean+SE (n=6)
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Enhancement of Pulmonary Metastasis of Murine Fibrosarcoma
NR-FS by Ozone Exposure

REEL - B B - EBRREERS
Takahiro KOBAYASHI', Takeshi TODOROKI? and Hiroaki SATO?
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EROREFHREEMNC X0 EB T2 2, 2RV LA,

Abstract

The effects of ozone exposure on the metastasis of a fibrosarcoma (NR-FS) that arose
spontaneously in a C 3 H/He mouse was studied. Male C 3 H/He mice were exposed to 0.8,
04,02 and 0.1 ppm ozone for 1, 3, 5, 7 and 14 d. After the exposure, the mice were infused
imravenously with NR-FS cells. At 2 weeks postinfusion, the lungs were isolated to examine
the colony development of metastasis. A significantly higher rate of pulmonary metastasis
than that of normal mice was observed in the ozone-exposed mice. The metastasis was
enhanced dose dependently by the concentration of 0zone and varied with exposure length.

"AFLOAEE, I Toxicol. Environ. Health, 200 135-145 (1987} (I HRHLLDTH S,
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2.1 HHRE
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1, 3, 5 7, 14 B8\,

2.2 EEEROBE

BHEXC3H/He fe v AW HAFELE L /2 NR-FS B ER L2,
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1800 rpm 2 T 5 S3RGEL L, EEMAE %137, M3k 10945 RIS % & ¢ RPMI 1640 212,
HH, RPMI1640 W EEE 2 €7z, LIRS B2 o8, —EOMRBECHRL 2,

2.3 RERMFTERHE R

NR-FS ## MR - A L, EERIINERRE R 2 FEST U o BEEFE N 200 ul 2~ 7 AR
Bk DagrL, 7~24 BRI 2HEHL, Bouin i TETEES, SHEOREICH L EHORER
AL Ul BAHRO B FEBEROMBRAR L ISR Ui, 1X10° BiEA L HE 14~18
Ao A TR LB B3 2 Lol sl b, BIEMESE 14 B E ok
ey sZ Lz, H2 0, BBRUPEBHNHERO R X Y a— %R L1,
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Fig. 1 Development of the number of pulmonary metastases after injec-
tion of tumor cells
Each point represents the mean value of six mice. Vertical bars indicate the

standard deviation of the mean,

Counting
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-14 -7 -5 =3 190 7 day 14
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Fig. 2 Schedule of O, exposure and experimental lung metastases

On d 14, all the animals were exposed to filtered air {A) or Oy (E}. On the d 0.
mor cells were injected into the tail veins of mice. On ¢ 14, the number of

pulmonary metastases were counted.
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Days of ozone (0.8 ppm) exposure

B 3 08ppm O, BE DI T+ HE

Fig. 3 Effectof the periods of O, (0.8 ppm) exposure on pulmonary
metastases : SX10° (@), I X10°{4) and 5x10*(O) tumor cells
were injected into tail veins of mice exposed to ozone

At 14 d after injection, numbers of pulmonary metastases were counted. Points
represent mean of six mice ; bars show 8D. Significant difference from mice
not exposed 10 O, are presented as *** p<0.001 and ** p<0.01.
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Fig. 4 Effect of concentration of O on pulmonary metastasis

Mice were exposed to 0.8 (@}, 0.4 {©), 0.2 (A) and 0.1 {4) ppm O, for 1, 3,
5, 7 and 14 d. At 14 d after injection, numbers of pulmonary metastases were
counted. Points represent mean f{or six mice; bars show SD. Sigaificam

differences from mice not exposed to O, are presented as *** p<{0.001, * p<
0.05.
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Fig. 5 Effect of O, (0.4 ppm) exposure on pulmonary metastasis.
1% 10° (a), 5X 104 (C) and 1 10* { ®) tumor cells were injected. At 14 d afier
injection, numbers of pulmonary metastases were counted. Significant
differences from mice not exposed to O, are presented as *** p<0,001, ** p<
0.01, * p<0.05.
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Metabolic Enhancement and Increase of Alveolar
Macrophages Induced by Ozone
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Abstract

Male Wistar rats were exposed to 0.2 ppm ozone (O,) for 14 days and at intervals
alveolar macrophages were collected by pulmonary lavage to examine the effects of O, on
cellular functions. The specific activities of glucose-6-phosphate dehydrogenase and
glutathione peroxidase of alveolar macrophages from exposed rats increased to 1.55-fold (on
day 3) and 1.47-fold (on day 5) those of the control values, respectively. Similarly, the
specific activities of pyruvate kinase, lactate dehydrogenase and hexckinase increased to 1.
60- fold, 1.37-fold and 1.20-fold those of the control values on the third day, respectively.
The activities of all enzymes tested were maintained at significantly higher levels until the

I ERIAVERFSeR BEEHE T 305 ZBE- LM 6% 2
Basic Medical Sciences Divisian, the Nationat Institute for Envirenmental Studies. 16-2 Onogawa, Tsukuba,
Ibaraki 3085, Japan.
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fourteenth day. In addition, the incorperation of **C-thymidine into alveolar macrophages
increased twice the control values on the first and third days. The number of alveolar
macrophages collected from exposed animals also increased to 1.48-fold that of the control
value on the third day and was maintained at a significantly higher level until the fourteenth
day. It is noted that alveolar macrophages of small size preferentially increased between the
fifth and fourteenth days.

These results show that exposures to 0.2 ppm O, induced a metabolic enhancement of
the peroxidative metabolism and glycolysis in alveolar macrophages and increased the
macrophages of small size.
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ERL ERT AL, Bt oBRERELBINT 2 ZE 2oz Lz, Ldi-T, e
5 Ihe ORRFEEO LERRUHEY 7 07 7y — v OBEERO L F L BRERORIN, B
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Bergmeyer 50 HE® 2T, 30°CTHIEL 7=,

¥ 7 BB, Lowry 5OFEY 2RV THEEL 2
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IX10° ORI 7 7 7 7 — ¥ % “C-# 3 ¥ (50 nCi/m/) R U¥ 10% 415 Bl & & &+ Eagle
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Lirvza7y—Y%I2N—RY AT TREND, Dulbecco @ PBS W TH-> 128, v F
L—5 —iBELTRYAAY CEEEIEL 7. Schmidt- Thannhauser-Schneider 329 %
WCHANTER, ilg~ s vy y - SR 7 “C EOK 80% ik DNA B HFEL 72,

IE R
31 PRI - oBEENOEL
F1ww0.2ppm O, U HBBRR XMl 7—vD ¥y 322Kk GGPDH, GPx &
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Table 1 Changes in the specific activities of glucose-6-phosphate dehydrogenase
{G6PDH) and glutathione peroxidase (GPx) of alveolar macrophages
during exposure to 0.2 ppm ozone®

Exposure Time Protein® E/C  G6PDH® E/C  GPxC E/C

| Day Cont 0.699 + 0.028 234 + 20 1890 + 200
Expo 0.562 + 0.062+* 0.80 1.88 = 17** 0.80 1630 = 180 0.86

3 Days Cont 0,702 + 0,048 181 £+ 15 2040 + 120
Expo 0.871 £+ 0.037**+ 1.24 280 + 16*** 1.55 2170 + 250 1.06

5 Days Cont 0.626 + 0.103 194 + 13 1990 + 190
Expo 0971 £ 0.101*=** 1.55 279 + 8%+ 1.44 2930 + 100*** 1.47

7 Days Cont 0.642 + (.108 i80 £ 10 1910 + 240
Expo 0.949 + 0.177** 1.48 281 + 41*+ 1.56 3110 + 280*** 1.63

14 Days Cont 0.395 + 0.05% 192 + 14 1910 & 240
Expo 0.849 + (1.192+* 1.43 192 + 284*+ 1.51 3040 + 400*** 1.59

% The pi’eparalion of macrophage supernatants and the determination of the protein content and enzyme activities
of the peroxidative metabolic pathway were petformed as described in materials and methods,

® mg of supernatant protein/lung (mean + SD, n=6).

¢ ymole/min/g of supernatant protein (mean £ SD, n=6).

*P <005, **P<001, ***P<0.001.

EREEO 1.24 FCEinL, ToRLFECSWEER L, RBLARFETH 5 GPDH iF
iz, FvA7BOEEABKBEB IHEERETLLY, 3HEKENBED 1.5 LR L
Joo GPx ¥EMEL 75 AEW 14T EH0L, MBEFERE Z0R b ETICH EEHEEL 12,
PK, LDH RO HK ILiEHE 28 S B 2 h 2 nf@8REo 1.60, 1.37 RUF 1.20 f5igimL,
HHEZTERCRHOEERRLZ(FE2), 2ho0FEEL2S, 0.2ppm O, EBIHBLRORS
DI L TAAF—EEDO LRRRT TR,

3.2 “C-F 1o OmNAABOEL

0.2ppmO; BB L 2 DNA O£ SHIESMACEE RPN 120, UC-F 2 V0 2 DEHT
Bife~ 2 o7 y—3% 3.5 BEEEE L AR DA RN *C BO# 80% it DNA B4
BELN, #3120.2ppmQ; 4 BERIBB I I3 F 2 Y OMDAAROBEREL LT LI, O
BBELZI-Nie s 7 y— YRV ATAL“CRE, BEIAERUIABCIRFRZTA
NEERED 2.25 R 2015 LR L, 2OHCORYAAHBIZEXRED L 78 EHUEE R
BOM0.THEI{EF L,
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Table 2 Changes in the specific activities of pyruvate kinase (PK), lactate
dehydrogenase (LDH} and hexokinase (HK) of alveolar macrophages
during exposure to (.2 ppm ozone®

Exposure Time PK® E/C LDH? E/C HK® E/C

| Day Cont 2330 + 300 1070 + 50 993+ 94
Exno 2350 + 290 101 1020 = 120 0.96 750 & 54 0.76

3 Days  Cont 1790 £ 380 930 + 110 769+ 9.7
Expo 2860 + 290*** 1.60 1270 + 100 0.37 92.5 + 10.5* 1.20

5 Days Cont 2340 &£ 90 1000 + 60 943+ 63
Expo 3230 4 210**+ 1.38 1350 £ 100*=* 1.38 107 £ 120 1.14

7 Days Cont 2360+ 70 1040 = 70 840+ 6.6
Expo 3340 + 290**+ 141 1390 £ 210** 1.35 9714 21.0 1.15

14 Days Cont 2250 £ 170 820 £ 180 787+ 6.3
Expo 3280 + 470" 1.46 1170 + 60** 143 943+ 91 1.20

® Expertmental conditions were the same as described in Table 1.
* gmol/min/g of supernatant proiein (mean 4 SD, n==6)
* P<045, ** P<0O01, *** P<0.001.

*= 3 02ppmO, BB I AN T Yo C-F 2 Y
YR DAL BOELL

Table 3 Changes in the incorporation “C-thymidine into alveolar
macrophages during 14-days exposure to 0.2 ppm Ozone?

Incorporation  (dpm/2 X 10° cells)
Exposure Time

Coutrol® Exposed® Expo/Cont
1 Day 4,100 + 680 9,220 £ 1,620*** 2.25
3 Days 4,490 £ 610 9,030 + 1,280*%** 201
5 Days 4,590 £ 560 5680 £ 930 1.24
7 Days 4,760 £+ 810 3,360 = 580° 0.71
14 Days 4,330 + 720 3,250 + 760" 0.75

® Alveolar macrophages (2 X 10® cells) were suspended in 4 ml of Eagle’s minimum essential
medium supplemented with (0% fetal calf serum and **C-thymidine (50 nCi/ml} and
incubated at 37°C for 3.5 hr.

® Values were expressed as mean + SD (n=6),

* P<0.05, *** P<0.001.
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FL4Z0.2ppm O, 14 QEREC X A~ 7 0 7 7 — P OB ORISR Lz, i
Tr7u7y—VOMERE, 2B 1ACEHERO 0.8 FCET LS, 3 HERENERED
1.48 Bz BN L, % DB LR BOEE R L. WEAOEOSERIICE LS B D525 o
BRAN DD, BB X o TR O ERHER O BHIREA 2 ER L ¥ 4 FRax2iTo72, 0
R, NRERUVRSHEC UYL LR~ e 7 72 Th Y, HIZSTREEMmER, U8
HLLCHEELARTS -, SREAMKOEHER, 1%L T 22T EHPEELERR
FTowohahots,

filgw 707 »—YORE IR —T, BELOHROERZ 7~21 um OFCSHHL TV S
B3, BT I 80% OMIEES 11~1T pm DAEETH S, ®112,0.2 ppm O, BB D
fivza77—YOHIBOKNE s0E{LYTLE, 2EIHEL 7d8TR, Mia~vrao77—
Y OMBBUIFRECHEML 228, iU B oRE s 3Ry o7, BE IS, BHE
17~21 pm OMFALSHEED 2.5 FTR LML, K= SHRBREMOBESEL oo, HE
11~15 gm @ & D/ S BHEROBME 1.3fICF -7, Zhi IR, 88708/
SRR MOREMNE L £, B 9-13, 13-15 LU 17-21 pm O, #H TR HEED
2.1, 1.6 RO 136N 72 &7, ML MBI~ 7 0 7 7 — VOSBRI, BIE 11-13 gy
DRESDODHENRELZE -, INEOR~Zz 27 r—J08MNIE, 828 LHERU 11:EH
BiZ b Sz,

# 4 02ppm O, BB L AMA~ Y07 r—YOMBEED
£k

Table 4 Changes in the number of alveolar macrophages during 14
-days exposure to 0.2 ppm Qzone®

Number of Cells® { X [08/rat)

Exposure Time

Control Exposed E/C

I Day 1.0+ 9.6 8.6 £ 1.3** 0.78

3 Days 94 + 1.8 13.9 + 1.0%** 1.48

5 Days 93+13 [4.5 £ 2.5** [.56
7 Days 94+ 12 15.7 & 3.7 1.67

14 Days 106 £ 1.0 16.4 + 4.2+ 1.55

® The cell number was counted in Coulter Counter adjusted to count particles larger than 9
am in diameter.

b Valyes were expressed as mean + 8D (n=46).

* P<0.05 ** P<O0L, *** P<0.001.
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Fig. | Changes in the size distribution of alveolar macrophages during exposure to
0.2 ppm O,

The cell number of alvealar macrophages in various size was counted with a Coulter
Counter adjusted 1o count cells larger than 9, 11, 13, 15, 17, 19, and 21 pm in diameter
and was estimated by calculating the difference between the values of nearest neighbors.
Abscissa indicates the cell size : 7-9, 9-11, 11-13, 13-15, 15-17, 17-19, and 19-21 zm in
diameter. Shaded column and open one show cells from exposed and control animals,
respectively. Figures of A, B, C, and D represent the results on the first, third, fifth, and
seventh days of exposure, respectively. Values arc expressed as mean & SD (n=6).
Asterisk indicates significant at P<0.05; double asterisk, P<0.01; triple aserisk, P<
0.001.

4 E %
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Abstract

Male Wistar rats were exposed to 0.2 ppm ozone {Q,} for 14 days and at intervals
alveolar macrophages were collected by pulmonary lavage to examine the effects of O, on
cytokilling and superoxide (O,~) gemeration activities. A convenient and quantitative
method to measure a cytokilling activity of macrophage was devised using *H-uridine-
labeled microorganisms and deoxycholate to lyse only macrophages after cytokilling
reaction. The cytokilling activities of alveolar macrophages from exposed animals decreased
to 0.72 to 0.80-fold that of the control value against Escherichia coli on the third day and
recovered to the control level on the fourteenth day. The cytokilling activities against
Candida albicans similarly decreased to 0.68 to 0.78-fold and 0.77 to 0.82-fold those of the
control values in the absence and in the presence of rat serum, respectively. On the fourteenth
day, however, these cytokilling activities remained significantly lower than the control
values.

It is known that active oxygen plays an important role for cytokilling activity of
leukocytes. To examine the effect of O, on the active oxygen-generation, respiratory burst
and reduction of exogeneous cytochrome ¢ were measured. Three kinds of reagents were
used to stimulate alveolar macrophages: 0.33xg/ml phorbol myristate acetate (PMA),
200 g/ml opsonized zymozan and 5.0gg/ml lipopolysaccharide (LPS, E. colf) plus 5.0ug/
m] cytochalasin E (Cyt. E). Measuring the respiratory burst, the rate of oxygen-consumption
produced by O,~ generation decreased to 0.60-fold, 0.79-fold and 0.70-fold those of the
control values by the stimulation of PMA, opsonized zymozan and LPS plus Cyt. E on the
third day, respectively. On the fourteenth day, O, consumption by PMA and LPS plus Cyt.
E recovered to the control levels, while that by of opsonized zymozan remained 0.80-fold
lower than the control value. Measuring the reduction exogeneous cytochrome ¢, the O,
generation rate by PMA, opsoniued zymozan and LPS plus Cyt. E similarly decreased to
0.12-fold, 0.31-fold and 0.60-fold those of the control values on the third day, respectively.
On the fourteenth day, the O,~ generation by PMA and LPS plus Cyt. E recovered to the
control levels, while that by opsonized zymozan remained 0.63-fold lower.

These results indicate that the cytokilling activity of alveolar macrophages alters in
parallel with the generation activity of active oxygen, supporting the assumption that the
decrease in the cytokilling activity is primarily due to the damage on the active oxygen-

generation.
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Fig. | Dose-dependence of cytokilling Fig. 2 Dose-dependence of cytokilling

activity of alveolar macrophages
3H-uridine-labeled
Escherichia coli

against

Alveclar macrophages (2.0 10° cells/
0.8m{) were incubated with *H-uridine-
labeled Escherichia coli (5.2X10° dpm/
10% cells) for 120 min. Ordinate indic-
ates the net increase in *H radioactivity
released from E. coli into supernatant.
Selid and dotted lines show the presence
and absence of 2.6% rat serum, respec-
tively, in the incubation medium.
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activity of alveolar macrophages
apainst 3H-uridine-labeled
Candida albicans

Alveolar macrophages (2.0x10° cells/
0.8 m/)} were incubated with *H-uridine-
labeled Candida albicans (47X 104
dpm/10° cells) for 120 min. Ordinate
indicates the net increase in *H radio-
activity released from C. albicans into
supernatant.  Solid and dotted lines
show the presence and absence of 2.6%
rat serurn, respectively, in the incubation
mediurm.
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Fig. 3 Changes in the cytokilling activity of alveolar macrophages against
sH-uridine-labeled Escherichia coli during exposure to 0.2 ppm ozone

Alveolar macrophages were incubated with 30-fold (lower) and 120-fold (upper) of E.
eoli for 30 min. Ordinate indicates the net increase in *H radioactivity in supernatant.
Open and closed squares indicate control and exposed groups, respectively. ** P<
0.01.
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C. albicans RT3~y o7 » —YOBEEER, FE 1 OECHMANMSRL 0, 3
BEKIZ v bMEFHEEE T OBESRBEED 0.68 Hka=8) (B14), 7213 0.78 5 (HEfaLL=
16) (®5), RUTy FMOEHEETOBERL 0.82 20X 077 HEERET L, WHEDL
E coli DIBELRERD, C albicans ioH T 2 BEEIER, 7 v b MBHEEE T OB RE
D 0.51 1% (MikEtL=16) RUF v MIFEFELETOHE 0.71 5 (iR =8) cB{FEETL, fi
DHBELRABOET 2R,

to 0.2 ppm ozone

Alveolar macrophages were incubated
with 8-fold of C. albicans for 120 min.
Ordinate indicates the net increase in 3H
radioactivity in supernatant. Solid and
dotted lines show the presence and
absence of 2.6% rat serum, respectively,
in the incubation medium. Qpen and
closed symbols show control and expo-
sed groups, respectively. *, P<0.05.
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Fig. 4 Changes in the cytokilling activity 5 BESEOY IR BN
of alveolar macrophages against Mvzu77—YOREEED
low dose of 3H-uridine-labeled 0.2ppm V' EBIC L AEL
Candida albicans during exposure Fig. 5 Changes in the cytokilling activity

of alveolar macrophages against
high dose of *H-uridine-labeled
Candida albicans during exposure
to 0.2 ppm ozone

Alveolar macrophages were incubated
with 16-fotd of C. albicans for 120 min,
The reaction conditions are the same as
in Fig 4. *, P<005.
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B L. B, 1mM NaCN Ellic L afla~ 2 o7 »— P OEEELHEL /-4, Phorbol
Myristate Acetate (PMA), Opsonized Zymozan ¥ 7z 1t Lipopolysaccharide (LPS}: Cyto-
chalasicn E (Cyt. E) RlBUC & DITHEFLRE Y, FOBCEEI W BEREOR LS
EHBEORERZAEL 2. PMARIBC L AMlE~2 07y —VOEMBRERERE, 0.2
ppm O, &5 1 A H CXRAEO 146 5o m L, foORMANC £ 25 ERAR R
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Generation of Active Oxygen (decrease in % 0, saturation/min/10° cells/mf }

| 3 7 14
Exposure Time {days)
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Fig. 6 Changes in the respiratory burst by stimulants of alveolar macrophages
exposed to 0.2 ppm ozone
Ordinate indicates the oxygen consumption of alveolar macrophages by the stimulation
of phorbor myristate acetate (A), opsonized zymozan (B} and lipopolysaccharide plus
cytochalasin E (C). Open and closed symbols show control and exposed groups,
respectively.
=, P<0.05; **, P<001; ***, P<0.001.
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M EBciE, PMARULPS & Cyt. EW#uC & 2B EFRERIITBED LV ICEE L
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Y3 —DMHEE LT, PMA, Opsonized Zymozan £7:13 LPS & Cyt. EFlBc L -T2
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Ese, EHmERLRAHE L., 0.2ppm0, 28 1 BHIZ, PMA ¥ X 2568~
7u?y—v00, FEERY, FEOFELABICHERO 1.4 ECENLL(END. BHE3H
H & [Aktic, PMA, Opsonized Zymozan 1P LPS & Cyt. EREIC X 2 O, B4HIT, &4
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Production of Superoxide Anion tnmal/min /508 cells!

Exposure Time {days}

B 7 HroREHct s a7 7 —Y0A=—F F v FEED 0.2
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Fig. 7 Changes in the superoxide generation by stimulants of alveolar macro-
phages exposed to 0.2 ppm ozone
Ordinate indicates the superoxide generation of alveolar macrophages by the
stimulation of phorbor myristate acetate (A), opsonized zymozan (B) and lipo-
polysaccharide and cytochalasin E (C). Open and closed symbols show control and
exposed groups, respectively.
* P05 =%, PC00L; **= P<0.001.
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Effects of Ozone on Cytokilling Activities of Alveolar Macrophages I
—— Amplification of Damage to Bacteriocidal Activities by Aging
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Abstract

Adult (12-months old) and aged (24-months old) male Wistar rats were exposed to 0.2
ppm ozone Q) for 14 days and alveolar macrophages were collected by pulmonary lavage
to compare the effects of O; on cytokilling and superoxide (0, )-generation activities
between adult and aged rats. The number of alveolar macrophages inceased to 1.12-fold and
1.39-fold those of the control values in adult and aged rats, respectively.

The cytokilling activities against Escherichia coli and Salmonella typhimurium of
alveolar macrophages significantly decreased to 0.92-fold and 0.72-fold those of the control
values in aged rats, but did not show any significant change in adult rats. The cytokilling
activities against Pseudomonas aeruginosa decreased to 0.72-fold and 0.79-fold those of the
contro] values in adult and aged rats, respectively.

The O, -generation rate by the stimulation of lipopolysaccharides (LPS) prepared
from E. coli and 5. typhimurium significanily decreased to 0.49-fold and 0.51-fold those of
the centrol values in aged rats, respectively, but did not show any significant changes in adult
rats. The O,”-generation rate by the stimulation of LPS prepared from P. aeruginosa
showed the inclinations to decrease in aged and adult rats.

These resulis indicate that aging alters the cytokilling and Q,-generation activities of
alveolar macrophages more sensitive to the oxidative stress. Because in parallel with the
cytokilling activities the O, -generation activities was harmed by O, exposure, the damage
on the generation activity of active oxygen is supposed to be a primary cause of the decrease
in the cytokilling activity.

1 sz
F V2 (0y) RUZEILER (NO,) BRRNEZAKERMIETH Y, MRcEEr5 2529
ZEBHMLNT WS, Mifdvr o7 r—JalciiEl, WROBICHICEALLHEES DS
AEREET L FTEEZERHEIES Tw3Y, CRETEBEED 0, RUNO, 12 & T, Ml
vouZy—IOHY 4 A AEHE, REREHCSORVEREMYVIBEERRITZ I LS
htws, Ll, BEETIACOBEEHEC L AR 97 y —V~0BEIz DT,
FEAEHS LT,

INETEECH, BEEO RBC LR~ 707 7y —VAOBE DL TRFL T
e, ZOEER, 0.2ppm O REC Lo C1HE KR, M~ o7 7 —voifillizEs L,
FRAHETLHBERRCEEROMEEHIE T T 248, 0, GEELHA b v AL T
e r7a7y—YREEERTII e mc LY, L L3 HEMEE, Mla~vs o
77— YOI L AL, ARBERERUBEROBERESY LT ALY, 0, O
AEBIA b AT LTI T 2 07 7 — OHSEIRT A Z L 2W S iz LA, Ui L Escherichia
coli B Candida albicans (T 2@ EER, CLAIHEBREBTLLY, 20, E coli 12
HELFREEEREEL 7245, C albicans 12T 5BEEGEEE L2 ho, 202 &,
0, OEREAIA b LA L TEREEESEET 2050, BB T 3MEMIc LT/ EZ 2
LETET S, £, BREEHESETLLZRERO—DE, BEEERLEEN O CL-TEER2S
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v 2 a7y =Y, FHOLEEREMESEREERE U, e 2ok o giE6E
HFETFTT2OIeplionTwd, IR TERSE, RAUFRBMELERE 7 2 FImEK
oW Th, BEMA MV AL VBFELET, ZOREER & L THEVRAERAS M 0
TAHI LTS, BUERT v M CRHEEREST TR OBMc NI L 2 REL TW DA
B, MlEv s o7y —VOREBEERCEEERERERBCOVWT Y, BV O, BEBICL 2
BEEZILT s 0HmE L,

2 K &
FEAEE, XM 97 7 - YORMERCRIET AV v ORB (1) Ve RRTHS
DT, RedA0HEHT 5,

2.1 REFERUSHEHOER

6PEE—B L L7z JCl: Wistar ZRRBES » b (120 8) RUEREZ v + Q4 4:8) 120.2
ppmO; % 14 FAMEGRE L, RERTHI v 1OMEHREL, M~ o7 y—Y%2F8L
2o

2.2 BEEEONE

IH-= ) ¥ o TS L Fr Escherichia coli K 12, Salmonella typhimurium LT 2 B U* Pseudo-
monas aeruginose #H T, M~ 7 u 7 7 —VOREFUEAE L. B, E coli, S
typhimuriwm B8 P. aeruginosa 2%~ [5-°3H] 7V ¥ (5.0 £Ci/mi, 0.19nmol/m{) %iF
MLz M9+R Y ~7 b » RO PAS SHOEHNCHREL, 30°CT 8RHA v Fa—va¥Td
ZEIED, H-v U S TERLCHE SRR, CHERLMAR, 0.95% NaCl RE®
TH- 2%, D-MEM~—10 mM MOPS(pH 7.2) %R iCERA L, FEEEOHECAW L, KIZ,
Fifg~ a7 7= (2.0X105/0.8ml) 2 /A v da—ya vk, BEEMREYs 07 7—
Jo 100 fERFEML, 30 HERERGET 7.

E. coli K12, P. aeruginosa (1AM 1514) B ERFRFERMAELATEN, S. yphimurium LT2
BN R EMEDEFEZ L DEIZ T A0 AW,

2.3 A—R—FF FREGEOHE

RSB s A— =2 F Y F (O %, O WEIWBERSNEF L7048 c DEDPS
SPFRNTRIE LU, FgEnE £ LT, 0.4 pg/m! Phorbol Myristate Acetate (PMA),
F 1213 E. coli, S typhimurium U P aeruginosa 7 &% L - Lipopolysaccharide (LPS,5
ng/mi) & Cytochalasin E (Cyt. E, 5 gg/mi) @&,
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0.2ppm O, 14 AMEFc LM~ 2s o7y 7 —VOiEOE{LEF 1 TRL . ERRT
BT v bTH, SRS A EEED LI ERU L2 BB EICmLE:, 2, ERRY
BT v b ONEBEOMEEE, W TENRED b ofbt, O BFBIC & BB OEIEE
g, ElL v AREED & hiz,

*z 1 02ppm A&V 2BRRE L 2y 0T »—YOHE
oz

Table 1 Changes in cell number of alveolar macrophages by 2-
weeks exposure of rats to 0.2 ppm ozone

Cell Number {>10¢ cells/rat)

Adult Aged Aged/Adult
Control 8.04 £ 0.63 894+0.98 1.11
Exposed 9.01 £ 0.54* 124+ 19 **
Expo/Cont 112 1.39

Viability of alveojar macrophages: 935 % 3.0 and 93.4 £ 3.9 (adult), %2.6 & 25 and
92.4 £ 1.8 {aged). *, P<0.05; **, P<0.01.

3.2 A/ -RBC L sRERENTL

ik~ 7 o7 57— Y OREFEM T 5 0.2ppm O, 14 OMBBEOREY, EREBYOARIC
EDEDEIET B IERE Uiz, 212, Fscherichia coli, Salmomnella typhimurium Fo
U Pesudomanas aeruginosg &2 SH 87, 3730021800, 11400500 F 1F 43500600 dpm ¥
U 78, RISH.EEGCEIR L 2. IEWRO *H &2 BN cn T 2 8ATYER LY. E coli
B S, typhimurium 33 A OREIEER, EES o F TR, BONEEED 0,92 5 KX0.72 6
WHERETLLS, BB v P TREECELERIZo o, P asruginesa w1 2Rk~
27y - OREENE, EHMRURAT v P T, FAHNBHEHO 0.79ERTO.2BCETL
Too EP, WREZ v b OXEBER LI L 724588, E. coli Bt S, tuphi maerinm 1230 H3REE
M, BELCHENET T 28HAEZRLE,

3.3 AVURBUCIBAR—1—FFUF (0,7) REREOEE

BrzORBEAC LM~ o7 =Y 0, RECHTZ202ppm0; 4 ORIEBO B
2%, EBREMORMIIED X3 BT ahE Ry L (£3), EBE®ELLT, v 0O
77— VOB & N A~ — A Y 8 (0,7) X DEEENSF b 2 0k ¢ DBRE
B &, O HERBEZRE LTz E coli RO S. typhimurium 7 5FBIL 7> Lipopolysaccharide
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* 2 02 ppm # V> LEMBEC X 0l o7 7 — S OREEED

%t .
Table 2 Changes in bacteriocidal activities of alveolar macrophages by 2-
weeks exposure of rats to 0.2 ppm ozone
Bacteriocidal Activity (released *H/1otal °H, %)
Bacteria
Aduit Aged Aged/Adult
Escherichi Control 719 £ 2.9 587 = 2.1 0.82
sf erichia Exposed 704 & 5.6 539 + 1.1°*
et Expo/Cont 0.98 092
Control 395+63 175 £ 1.5 0.44
Salmonella
) ) Exposed 372+ 23 12.6 + 2.9*
typhimurium
Expo/Com 0.94 0.72
Controf 142 + 2.2 15009 1.06
Pseudomonas
. Exposed 10.2 £ 1.4** 120 + 1.9**
aerugmosa
Expo/Cont 0.72 0.7¢

Total addition of *H-uridine-labeled E, cofi, S. iyphimurivm and P. aeruginosa : 37300+ 1800,
11400 + 500 and 43500+ 600 {dpm), respectively. Cel! ratio {bacteria/macrophages): 100. **,

P<0.01.
# 3 02 ppmA YV AMBHC LA 97 7 — VDR —s—F
* v FEEGEOEL
Table 3 Changes in generation rate of superoxide anion of alveolar
macrophages by 2-weeks exposure of rats to 0.2 ppm ozone
Superoxide Generation Rate (nmol/min/10% cells)
Stimulant
Aduht Aged Aged/Adult
Control 112 + 076 106 £ 055 095
PMA Exposed 1.13 +0.32 0.92 + 0.05
Expo/Cont 101 0.86
LPS Control 044 £ 0.15 0.71 £ 0.30 1.6
. Exposed 0.28 + 0.02 035+ 0.11*
(£, coff)
Expo/Cont (164 0.49
LPS Control 0.28 +0.02 0.36 + 0.15 1.3
o Exposed 0.22 + 0.06 0.18 + 0.06*
(S. typhimurium)
Expo/Cont 0.77 0.51
LpS Control 0.26 + 0.04 0.19 + 0.05 071
. Exposed 0.20 = 0.07 0.10 + 0.10
(P. aeruginosa)
Expo/Cont 0.78 0.52

*, P<0O0S.
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(LPS) Rz L affifd~=2 07 7 —Y0 O, RAERE, FEELOBSLEAEC, BEHT v b
TRERMERRO 0.49 SR 051 fFEP L, RS v F THEBDERERI A 27,
P aeruginosa o R 7- LPS fl o &, BTEME T LA W®EE -7, Phorbol Myri-
state Acetate (PMA) BB DIES L, BEOE/ERRE ol

4 & =;

Bk <7 o7 7 - JORBEBHCRETA VYV 0RE (1) /M BeT, Mldvso
7y —YOHREENER, 0.20m0,; 14 ARBREIC L - T, Escherichia coli /3§ 2iEHIET
Lizwds, Candida albicans 0§ 23EHEERBICET #2 2 L 2B onic L, FHETH,
0.2 ppm Q; 14 BEREIC X » T, Pseudomanas aevuginosa w137 2 EyiGtEss, C albicans O
BEERIBRIET T 5 2 EaHe 0k » 7z, Salmonella typhimurinm (OXT 5 3RETEE, B8
BTy MBLTE, Ecoli DS EEBRICET L o078, El7 v HicBL Tk, P
aeruginosa DIGE ERBEICET L, B&Z v b OBE, E coli WHT 5R\EELLTHT
5558, BB IVERIETLL ChEToOEEL2 302 E, 0: ZBC L 28EENR
ETFORENKSWISEMEY - L Tid, C albicans U P geruginosa, 13 & A FiEMHET S
oo VHERE LTH, E coli, RUBEOMICHET 28EME LT, S typhimurium
FESPTREIENTES,

BRARERZ v BT, REESEOE T LFHTL T, BEMEYOMINEE» SR/
URBEDF A ) E (LPS) #BGC L 3 A—/0— A F ¥ FEARMEI L, 20 LY, ¥
W R, BEEEETO—ERA— =A% FEEEOET ThH S 2 L SRS N,
R, HEEED 0, 10T 2 AR ESELTHECBRT ZFEEAO -2, A —si—A4 & Vi
SRR O, KL T—BRESRr LR L0 THLEELORE,

B OBEMEY N T 2EEEEOD T, 2¥ 0, BRECREESABV LD LEVDOHE
TF 2, BETMEITH 288 000BBEEZ o d, ik, BUBEHoET sER%
CRERRITESH LI, B, BXOLPSHNT 2V 7y — 5L TEEBELREE
T 23 TOMEBIE, O, KNTHEEORIPT ERCENNH L I EnEL SN2, BRI THL
i3, E coli iLXT ABENEME U E coli © LPS RIBIC & 2 M RRES RS, ¥ (3HE)
WWIEEICET TS0, 2OBEHET S Z L 23w, SO/, =207 7—Y0 DNA &85
RITHEL, NEOHRISSEIL 2P, ZhE TOMRIC LA, B~ 2 oy 7 — v ofilgsug,
Bie o OEROFROAZ > THEAHC L > THER IR TH B2 s T b,
LT, O, BB L - THMT 2/.B0 <2 0 7 7 — iz, MISHORERE - Bl s
BUHERIRLE ARSI L 2 5L b T3, COMERRICTE, By r—y
Bauvidkinersuy y— VORBIEEREEEHRESMEE, RRLERIEELT, £
coli WEAL TIRIFFZBL WENEB T35, P aeruginosa % S. typhimurivm CBAL Tix-+441
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A Developement of Digital Linearlyzer for

Measurement of Pulmonary Function in Rats
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Abhstract

This report presents a new method of digital linearlyzer for measurement of
pulmonary function in rats. The method has some excellent characteristics on the
data treatment speed and the precision, and consists of A/D converter and memory
table controlled by a personal computer. Respiratory flow rate and flow velocity in
rats exposed to ozone were examined using this method. It is concluded that this
method s a very usable one for measurement and analysis of pulmonary function in
the small experimental animals.
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BLEFYF MR~ A4 200y Pa— B LVREO S OREREAR ST, D/A
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Fig. 1| A principle of linearlizing method
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BHEEzTbzwAXEZZE AN L, REEECHET 2EEEMRL.

2w zo@BagHesnLic, 2ORT@ODIL IR ARNERE DU TS5/ F—%#2 5,
T, A/DERBICLE Y rOLORERT 5 £, TOXEMBIBI#EIIZ 4096 (22) WD Lok
WDT, TOTRTOBRILD2LTHIDEI I, D/ATHRCEI s hEsHam Ui
HLAER (FBRT—7A) 2EELTE L. H20nid, {1 000EEGREESE LAIGERC
T2, THLTBLE, BHLF -7V H—F2T3RU TV =T 74 X272 EH8TES,
B, ANESHA/DCERSK, TOBBEENE7FVALLTAERV 27 78AT 3, &
DEFICED, XEVEHENUDTAZSHTOAFET— 738 sh, ik D/A T %
b, 7Fe/EEL LTHANTE I LD, Vo7 o449 -k LTHEET 2, ZOHKICLh
i, YOLIRRWEMRTH- THEEL, [CERME—ETH2, 251, IRe0EERHE
BREMTHIOT, BHON—FY 27 LBEERZ B0, B THHELFH LT
Hd, £l, COHAKING, BEFT-7NVOERITELWIELR L2V Ea—F Y AT A
TiTe, V2774 AD0FETRHEVBBTERL SN VAT ATIT L%, YATFLOKE
MR LTRETH S, i, BT -7V EREERL, AMDEE2EF v arfbl, 20 %R
WINMMZAZ L&D, BRCEF v Y ANVOBHORR2V =754 ABO Y AT LR
T2 EMTES,
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y [rr——————
t . 4095 [ 4003
Y=0X +DX+C r I
I
/ 1 !
| |
| 1
] ]
Input | A | Qutput
- to ] D
D/A ° /D ! ' /A —©
— Converter 3 12
12 bit 2 7 12 bit
{2"=4096) 1 3
L_ o| o
f X Address Data
\_.\,____J
from A/D Converter {A/D Qutput) (D/A Input]
(a) (b)

B 2 F@F—TckBd) =774 X0E
Fig. 2 A new linearlizing process using function tables
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i JCl: Wistar 2O 7w M AV, WEEEE LU T 120K, 0.8 ppm @ O, BFEEE L LT 12 1IKE
L. BB 8EM» oM 1 AMEGE L2, BEETHRE DA X7 ¥ — (pentobarbital
sodium, 30mg/kg B.W) THEL, ERFREFOERES Y 7« AREHECHES, £ 74
ATHOEEAEE 7 YAV 2 —%— (F I FITH, DD-101S) THEL, EFEELETF—%
L z—4"— (TEAC 270A) REL 7, BIERBBRESsERI AL y—v A2 A 70—
{Ohkura 4-200m!) TEREKEIEL, ks AT ) (88 LCfFRL . BREROER,
F =57 74 LOERE, BEMEBER T RT/8~Y F 3 v E 2—F (NEC-PC-9801) T{To 7,
%7z, BTPS ~oOFHUIEHRICHE - 72,

KR =

3.1 &%

E3w, SESMELLEED 7oy 754757 AERT, KB, 4 F v ANVERIZ T 7
FSARMTERLELI, A/DEBLLET -2 28BS AT ) LE[LTHE, Zhe i
Wik, S e 70 uryH(Z-80A) AL TWE, Y774 Xk, s 7 u4l
HTERT — 7LD —F 2T, 1 F v 305850 250 us BN T RITS Z L3 TE T,
OB, BRT -7 AVOERY, v AT AR AER T A -5 OFRERIO Y a vy
AT LT, BEEENT LTARBICERSNS, M4@)i, RACERL WM (B
AB, BESHA) E, TARZABANEMALBGOEERHMADCRT, 20L& 5 CEE
(1347 5) WIEMBTH, BURTER A 703y Ya—SDV 7 v 27k 5 HBSH 5
oo, BFELERERTHES, i, YOXILHEMRTE (L, ATCHLUHAE—@
BEHER -ETH B,
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Table 4
Table 3
Input Table 2 Output
-
s o128t A/D Table T | [12bit D/A —ocH-3
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Fig. 3 A block diagram of primary linearlizer
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Fig. 4 An example of linearlizing carves and original ones
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REBTRD 2 HHEGR (V) & —EREE (V,) SHENOBEEERL:, WL IcH
ELZWIESOR/NEER 3%, BRABRERL 28K - A2t RL, RCEMRESTTCOEENR
Edot, ThbE, WM, RENIZOCEITOBESKSOOT, Ty bPe72A0Ld
BRI ZCHMCAEBIIBEL TwEEEIohE, £, A A 2B L TE L 8BS
REWET L, REBEOAN 2~3%HWEL P, ZOEEZ, REECRESH & B
BARRIC BT E, LD IERSBEBEEBL I ENTE Y, HEN ASSE T, Bt 2 1Fg
BEBLOTESTE, 2ORPEVEETRT D EELONE, 21, 0, BET v F T, Ve
ZREED T0~80% 1 (ET L, BREMOEHR UTFSHOEESBE S Nz,

4 B

MEFRB» 2 2 BREAELE, 2kHz TH B, Zhid, F—7 4 —FREOHEDO T~
ThRV7 727 EIDMEL TWwA5THE, bLINEFHHADN—FY27EEEIN
i, BADERTFZMHEALTY 20us LIA (A/DEFBFRRM 10 us+ ATV 77 L AR 0.3 gs+
D/AEHEGM 2 ps+ET OBERRD TABTE, B2 IRHEEED 20kHz 2 TR 22,
ZDEIETATE, HEFRFORRIGLHEEFIEHT I ST THI EH L D, FIE
T—7NROQAEY) ELTE, SFEE 096 (BB 12y )Tk N1 F2ETH S,
7, EF v ANOHEEY S, ABEEELF 2 2 EOTIREAIL THMT 55,
AT LEBRTAMMBEFAFEEMLEWDT, 2A MCELTEERERTES, Chbd
OFRrs, BHEL -2 ERL, BE - BEELI VIS F Y ALRY =T T4 A
EULEETATHFABECHEMBC O RBO LI ARNEEHTEL &2 %,
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EIATHAFFREE B U5E (R-115-88)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., Na. 115, 1988,

11-24

Sy MR - LEREZORR
An Improved Method for the Quantitative and Qualitative
Determination of Free Dolichols in Rat Lung

PPIRE-F « RS - EemnFie!
Keiko NOHARA!, Meiji KAWATA' and Kunimitsu KAYA!

g B

Ty MEOEEF Y - 2 WECEEL CRAIE T 2200, REEREEAuH L
WEER Y o — L ERE SR U2, AE T C-55 F Y a—n 2R EfEtgEr LTHY, B8
WaEYEE a7 7 4 — ko THEER ) o — B E SR, WEYTLER
WITEEEE S O P T Lo T ETT D, ERMEEESE T AL ) AET 2
ZkitkoT, & (HMEUVEMRBEOIATAR RYI-AB8SfiTE R,

Zw PROER Y 3, BEER Y 20 (17.3ug/g) i3 TIGE L7, HREF YD 3—
AEERY I—AOHERES THERL,C-9 ¥ a—asdulz C-80 425 C-100 B[R
BEHSEELE U 2 —LThH -7, 0.4ppm O, % 7213 4 ppm NO,+0.4 ppm O, % 1 #: H R
HEERE LS P TR, MOWEEFE Y Y 2 - SRR L NER L FEESY
{, HEICbER ST,

Abstract )

A method for the precise determination of free dolichols in rat lung has been
developed. Free dolichols in rat lung including C-55 dolichol as an internal standard were
separated from lipid extract using thin-layer chromatography, and analyzed by high
-performance liquid chromatograhy using a reversed phase column. Total dolichols (free
dolichols and dolichy] fatty acyl esters) were also analyzed by this method after alkali
treatment of the lipid extract.

Free dolichols in rat lung (17.3,g/g} represented 73 % of total dolichols. The
compositions of free and total dolichols were very similar each other, mainly consisting of
a series of homologues from C-30 to C-100. Exposure to 0.4 ppm O, alone or mixture of
4 ppm NO, and 0.4 ppm O, for one month, did not affect both of contents and compositions
of free and total dolichols in rat lung.

1. EIAEPRR BE4SEIE F305 EHMRoOEHAEFI6F?2
Basic Medical Sciences Division, the National Institute for Envirenmental Studies. 16-2 Onogawa, Tsukuba,
Ibaraki 303, Japan.
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FEET ¢ TEYN - HEEt

1 Lwic

FYa— Vi ENIECE AR T 3ERORWRY PV /A FT, 20/ ) VBRI AT L,
THEOERYFLRAT x— 88, N-7 U 3 FEEES w5 BEAROPEE U CHEET 5 2
DI SMITENTWEY, —F, HIEARO KU 2 —AORES (0% L) iR 2 72 13 AERG
BLrOIAFALBEELTHEELTVEY, TRORFFLRAT7 z— bORBELERSINDT
724, AR LB/ E OB FE L OB s ERICEBERT A LSRR ENT
L3 B4R,

B CREL 7L 5@, REZBKXATFRIETH S NO, ORBEIC X >T7 v MEDEREF Y
- NESERECE#BTAIEERWIE L, IO RS, KRR A U EDEBAKER
WELBIE Y - AVBCRIZTHBEFRN TS 2 L 2ANE LTIT 72,

R a—nOafg e LT, ¥R 7 a2 BEEE o<+ 257 4 —HPLC)-UV
EZF-OFRFEATE I L0k o T, BRABRFORESTRE R oL, LeLllEbor )
D BIFTAHEE LT, CHETERBICAF TS 2NSIEREHHT 2 HE i , BA
HIFHERS TRV 7> Pullarkat & QOB Y 2 — L AIEEY L HEEEERFEAL ThRn Il s
BEOETTHILEEL R o, ZOZEs, RRETCRHRIWAFOFELC-55 FY
a— N & NERER - UC Pullarkat 5 OFEBEERRL, EECEEF V-2V RUFEF T 2-20
(ESEUVEBBIAF AR ) a-128bEE0) 2HET I HERRI LY, £, T
OHERROTO, BiiE 721 O, RUNO, HEEE 2T 7 v MiiOHE, RU2F) -
VORIEET 212,

2 B &

2.1 HRENK

C-55 FY = —43 Sigma & b A L7z, B, A%, AUTLCOMBE LT/ FRFF Y 2—
A (Sigma, TERIEED ©— 2 @k, C-85(1.7%), C-90(10.3%), C-95(34.7%), C-100
(38,5%), C-105 (12.5%), C-110 (2.3%)) KU*C-90 F Y a—n (Sigma) #HA L7

2.2 FUa—nongifE

2.2.1 HEEofmH

Sy bR I—F LB TSRS oML 28, MEHHLTrzonkra-AY S/ —b
(2:1, v/v), 0BHETHE L. Shic—EEDC5 KV a— 2Nz TRELELAL
tro Z O 1/4BEOAEMATHET A ik, BEES 2B, ThThHHR
100 mg M3 B IEES BRI -1 $ 212 R ) a—LoHECRE Y,
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2.2.2 EEER) a—nOIFER

HEE v — 1 (HPTLC, Merck) BT v MO IEEE 0 & HRE N U 2 — /L E 7 & 7K
L7z, BERHE LT 7Y RF YV a—nRUC-S FY)a—A s Eunl, ~FHr-yrxFrr—
Fh-AF 2—N-FELF (80:20:1:0.5, v/v) TERE%, HEFE Q0%HBRHER) ORI
G T 2R EORERER ) 2 — L8O E20nE LD, ImIDZ 0okl h-28 /-0 (21,
v/v) THEE, E0HE, FhEEE A O L EREAN TARGE L, ChE~FY -8 /-0 (2!
1, v/v) THEL, ~FHBErHREEL CEMEF ) 3 - VES RS,

2.2.3 &PV I—nOBW

Sy MEOREEEDE A5 /—%0.5N NaOH o4 L 45°C, | HEmanEErR CHhfL,
soukl s ke CRERsSRL:, COBBEES LD, 2.2.2HTRAO LR
TLCREEZHEED, BB L TEFY -G,

2.2.4 HPLC &F

R a—nERkhE HPLC B#MHicigEd L, Zorbax ODS 47 A (4.6 mmXx25cm) THHFL
fro BEE, A5 —0-A4 VY TFUN ) —b-AFH (51 411.8 v/v) i, 0.7m/min B
H, UV 2ldnm), EREEEEHO7VFEYVa—1L e C-B P a—LoY—7HEELD
WIEEKE RS, BIERBEP N a—A0 C55 FY a—A e 3T 2 BREICHERE Y 13T
BEEXHHL:, AREEREEDO Y — 7 HRLLE L TR, 85— 2 DRFHE, HE
Eles C-9 PV a—nRUTFIFNY 2 — LOERFFRE» 5 KD,

2.3 BYRURERNT

JCV: Wistar B2 o b (12588 = 0.4 ppm O, BFh, 720k 0.4 ppmO; KU 4 ppmNO, #
SHAE 1 rBEERSEE L.

Ttz FUI—ASMTEROBRENCE Jol: Wistar REE7 v b (20:88) OEfLz,

IR R

3.1 aE _

Sy FOREES XD BEERTC5 F) a—-veS30ES 2 58T 2100 TLC BREE
WERN U7 ER, ~FH Y- I—FLDRCF Y ELTENLIB I LiICE > T R Y 2= D
EE O Ak FEsRL N, JORBEEE, 2F) a—Aamol o iBEES T v
VAL i 7 vk ) BEESEEESC EATE 12,

HPLC @43 #fi&fFic v Tid, EMERIRO C-0 FY a— 1Tz 5256 500ng, 7 FY
2 —v (C-85~C-110) T 50 25 800 ng OHWFAT, HEARE L Y — 2 ER (ORM) OFic kv
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BRI S NI,

BlekEc ko Tl 7 v PITO#EBR 2 ) 2 -0 HPLC /8% — v 2R T, £
TR, PV I VBT E (, 2 AHPLC &G £ - TASMERER U~ T D
FlfRE % & BT,

Z v MEEEDO K U 20— % HPLC 447 5 72 9 i3 BE 10 mg FRE OB 2 & 534723768
THolets, BEOLRTE0ELLFNFN 100 mg L 23| Y -0z
B E LT B2k, MRS NI L OB R EZ THIER2 TR L EDF v )V T —V 2
YH—TTHB, C-55 F Y a—/b 1 pg izt U THEHRE 50 40 5 300 mg, 47 & i 100 mg
KHLTC-5 FYa-—n24p0 (.33 ug DT, #F) 22—, @F V- Thns s
7 ERMEET L, F—RH 3EOSMot T 2F8EREI 0.2 05 6.8% Mz hH - .,

C-30
€-55%
Free Dol
c-95
C-85
——ﬂ‘ﬂ c-80 C-100
] IE} 20 30 min
Total Dol
0 10 20 30 min

B 1 vy BioBE#ERC2F T I-LOEERE oV L ST 4
Fig. 1 HPLC analysis of free and total dolichols in rat lung on a Zorbax

ODS column

Experimental conditions were as discribed in the text. Numbers on the peaks
indicate the total number of carbons in each delickol homalog. Dolichol C
-55 was added as an internal standard.
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Fig. 2 Calibration curves for free and total dolichols in rat lung

Lung tissue (100 mg) was analyzed with dolichol C-55 ranging from 2 to 0.33
g by the method discribed in the text. Each point is the mean of three
replicates.

3.2 0, 3N+, 2RB L7y Mo F)3I—oRE

SIEEEE, & 0.4 ppm O, B S 7243 4 ppm NO, & U 0.4 ppm O; DESBE* 1 0HET>
72Zw MEED, FY a—LS8BLHERERLCRLE, NEHOEEE Z2F) 2—1RE%E
nFEN17.26 ug/g £ 23.57T ug/g T, 2F¥ YV a— O Y 32— DHFER TIRTH -T2,

#® 1 O, RUNO BF LTy P HOBERETRE Y
I —EE LK

Table 1 Effects of O, and NO, on the contents and com-
positions of free and total dolichols in rat lung

Dolichol Group Amount Composition (%)
(n=35) (ug/g tissue)  C-80 C-85 C-90 C-95 C-100
Free Control 17.26£1.39 1.8 174 475 273 60
0, 18.09+1.87 23 174 472 27.1 6.0
NO,+ 0, 18.3440.58 20 178 467 276 59
Total Control 23.57+2.29 1.8 182 477 267 58
0, 23,461 1.86 1.8 180 475 209 38

NQO,+0, 2305230 19 177 476 272 56

Rats were exposed to 0.4 ppm O, or 4 ppm NO,+04 ppm O, for 1 month.
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FRET - WHEE - FAT

MR E Y 2—0, SR Y- L LD TEULTE Y, C9 F Y 2—aAsduii C-80
26 C-100 FUa— A FBEEETH >, SEIDREBREC BT IERZTHO T v b
EUEFY -8R, WEEDLOLFEEN: L, HixbEMThat,

4 £ =

ChETCHBOer ) a—n% HPLC 44F ¥ % 513, Rip &%, Eggens 59, Yamada &1
BRI -oTHEZR TR, hsD2 R 20— EETIZ, BB O F B8P 2—
VR EZ 200 HBOREY A 2B 0 LD T AAVNBTZ I LT AN
AIRAESZG BREE AR, RS OD G B ) I - ES R RR T v, I L T
BEF ) O ADAEET BGEE, Tooh VENAORNEIC & > THE Y 2 - EHS %
ST AL EN S L, A HETEHS TH:/: Pullarkat 50 FEY Tk, TLCic k-7 Y
I—VEDEDEL Tnd, LELENSEHESONEIABEEEZRAVTLWELWI &mb, 20
HEAATEELHWA ARCER T3 LHIEBN 2T, ASHERE L L T, Yamada &1
e R Y a—LoflEir 2, 2-didecaprenylethanol &L THWTWw 3, Lol, ZORER
TLC LD RIEME D a—~n b EBL LR 20, TLCR L - TRIME 2T A izfHT
ghdolRpes? B I F AT LR Y I—0%, $7- Eggens 693 C-75 KV a—n
ECUS RV a—n%k, TRFAAMBEREL LT2F ) 2—e2JIELTWwEH, C-75 F Y a—
Nr C-116 FO a—nigFheEhne ) v (Piceq abies) DERIMEORTREL DHBL T3
D, CHERTHEEOREIWTRLERTH 2, BRI AEL2EEC T 320, HIRD C-35
FUI—VEREEEY LTEELL, ZORSEREHOTREROV WY 2V ES %
®27:00 TLC BREH £, ASBERUEETD Y a1 2RAEHIGHT 2 7260 HPLC
BEMHLMI T2 2 Liwd»>T, 7y MiQBERERTERY a—n R IET 2 A ERIILI,
BHERZy POK, B, BROBERCEF Y - VORE L EATE - (HRERR),

Hi$R® T3, Pullarkat & Q&N ICHE U T Sigma L DBEA L7 IR Y 2—1(C-90, C-95
i C-80~C-105 B EBFEERE) 2B L LTR ) a—vOlERfTo 1, L L, &
EHEERALLD C-90 F U o —/L  [hEE L B R, A FERR: L TRw 72V a—n
ORI C-95, C-100 £z C-85 56 C-1I0 Db D TH 5 - EMHS Mk >, TOR
Elr B ULRER, 70 MO FY 2—1i3 C-90 20z C-80 & C-100 D EIGEE THER &
BTVl ER0ERY Tk, 7y PO, BOFEY AL DEBENF Yo 2EL, ¥
7 BYOERERD, LA LELORESERERL L VOEEERL TV L,
5, CAS EDOHEOROSER Y a—VEREIHBERY ) THELL,

HIER® THRE L LD, 4ppm NO, 2 3 AMERRE L~ v F TRFOBEBEF Va—0
FirntBEHE L DB ML A, —7, 2E0.4ppm O; 7243 4 ppm NO,+0.4 ppm O; % 1
P AMESREE LTy FROBBR U2 Y a—AV2HE L85, S8, Bl L R
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Ehleholz, REOEE,S, FAOEECSBYEMI L 2RE0BVMNZZ NI, Z0
BrouTd 2oL ETHS,
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LET,
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Part 1. The distributicen of chironomid species in a tributary in relation to
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Part 2. Descripticon of 20 species of Chironominae recovered from a tributary.
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Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey
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(BN SET 522 Y PHOBR

-—E38 BFYoRsBTcHEHE Nz Y 22 ) A EMOrthocladiinae ZEOHEE L.

ZORHOTFARKERELORFEICONWT

~~-B4H HRIOLXPoFHATREH S AESEosH & iTE)

BELETIERBMLLAMORERE M+ 2 BRNTE - ~ 054, SSEE 43

BFTHlE. (1982) '

ARERMEOR B L UHAFROEFII T 2 8+ 2 ZRAHE — — foss

B BRI HE. (1980

AEy I F r =L BRI B-ERBMBEARLERICORR - - BEAIDIC

BIIAME_RERDELEBRBBOWN (7 +— AL FBIR 1) — —IWMMEE #45)

HARREE. (1982)

BB fEZ/ L XELHERROME - - ARSEF L AR LHARO Y 1 aL—

a3 v — —HOMOSS R FBITTFNHSE, (1982)

RIREROERHA-FEFEORR M S FE--MBI0SSEE BRI HE. (19582)

REER L O & o METEE R OFAC T 2 LSBT, (1982)

BEAHCL3EROEEE =5 Vv 7 Fikicl4 2L - —HIF055, S6EERE I

HEE. (1982)

RERHO v 2 F o XBENORRICMET 2517, (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference

material. (1682)

(RBEEANIER I o@/E, SR RUHREME)

REGROERMA-FEFEOMBIM T IHE - -~ MASOERE FRMEHEE. (1982)

AAFFEMHOBR-RUBHAEROLECH T 2B ICET 2 RRAFE - ~ T56E

B R HEE. (1933)

THRIEOM & FFR IR 2R FEMTRE. (1983)

EROYIM R U HEFHE b 2 EHRMFAN. (1983)

Studies on chironomid midges of the Tama River. (1983}

Part 5. An observation on the distribution of Chironominae along the main
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Report of Special Research Project the National Institute for Environmenta] $tudies

No.

No.

1% Man activity and aquatic environment—with special references to Lake
Kasumigaura— Progress report in 1976. (1977}

2% Studies on evaluation and amelioration of air poilution by plants--Progress
report in 1976-1977. (1974)

(Starting with Report No.3, the new title for NIES .Reports was changed to;]
Research report from the National [nstitute for Environmental Studies

# No.
No.

No,

No.
# No.
#No.

No.

No.
¥ No.

No.

No.

No.
3 No.
No.
# No.
No.
# No.
No.

No.
No.
No.

No.

No.

3 A comparative study of adults and immature stages of nine Japanese species of
the genus Chironomus{Diptera, Chironomidae). (1378)

4% Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system— Progress report in 1977. {1978)

5% Studies on the photooxidation products of the alkylbenzene-nitrogen oxides
?yste?. and on their effects on cultured cells—Research report in 1976-1977,
1978

6% Man activity and aquatic environment—with special references to Lake
Kasumigaura—Progress report in 1977-1978. {1579)

T & morphological study of adults and immature stages of Z0 Japanese species of
the family Chironomidae{Diptera}. (1379)

8% Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1977-1978. (187%)

9% Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system— Progress report in [978. (L1979}

10# Studies on evaluation and amelioration of air pellution by plants—Progress
report in 1976-1978. (197%)

1l Studies on the effects of air pollutants cn plants and mechanisms of
phytotoxicity. (1980}

12 Multielement analysis studies by fiame and inductively c¢coupled plasma
spectroscopy utilizing comouter-controlled instrumentation. {1980)

13 Studies on chironomid midges of the Tama River. {1980)

Part [. The distribution of chironomid species in a tributary in relation to
the degree of pollution with sewage water.
Part 2. Description of 20 species of Chironominae recovered from a tributary

14% Studies on the effects of organic wastes an the soil ecosystem— Progress
report in (978-1979, (1980}

1§% Studies on the biological effects of single and combined exposure of air
pollutants— Research report in 1979. {1980}

16% Remote measurement of air poliution by a mobile laser radar. (1930)

L7+ Influence of bucyancy on fluid motions and transport processes— Meteorological
characteristics and atmospherie diffusion phenomena in the coastal region—
Progress report in 1978-1979. {1980}

18 Preparation; analysis and certification of PEPPERBUSH standard reference mate-
rial. (1980)

19% Comprehensive studies on the eutrophication of fresh-water areas—Lake current
of Kasumigaura{Nishiura)—1978-1979. (1981)

20% Comprehensive studies on the eutrophication of fresh-water areas— Geomorpho=
logical and hydrometeorciogical characteristics of Kasumigaura watershed as
related to the lake environment— 1978-1979. {1981)

21#% Comprehensive studies on the eutrophication of fresh-water areas—Variation
of pollutant load by influent rivers to Lake Kasumigaura— 1978-1979. (1981)

22% Comprehensive studies on the eutrophication of fresh-water areas—Structure of
ecosystem and standing crops in Lake Kasumigaura—1978-1979. (1981)

23% Comprehensive studies on the eutrophication of fresh~water areas—Applica-
bility of trophie state indices for lakes— 1978-197¢. (1481}

14% Comprehensive studies on the eutrophication of fresh-water areas—Quantitative
analysis of eutrophication effects on main utilization of lake water resources
—1978-1979. (1981)

25% Comprehensive studies on the eutrophication of fresh-water areas—-Growth
eharacteristics of Bilue-Green Algae. Mycrocystis— 1978-1479. {1981}
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28%
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33*
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35%
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47%

5%
49%

Comprehensive studies on the eutrophication of fresh-water areas-—
Determination of argal growth potential by algal assay procedure—1978-197¢
(1981)

Comprehensive studies on the eutrophication of fresh-water areas— Summary of
researches— 1978-1979. (1981)

Studies on effects of air pollutant mixtures on plants—Progress report in
1979-19890. (1981)

Studies on chircnomid midges of the Tama River. (1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey
and their distribution in relation to the pollution with sewage waters.

Part 4, Chironomidae recorded at a winter survey

Eutrophication and red tides in the coastal marine environment — Progress
report in 1079-1980. {1982)

Studies on the biological effects of single and combined exposure of air
pollutants— Research report in 1980. {1¢81)

Spog chamber studies on photochemical reactions of hydrocarbon-nitrogen

oxides system—FProgress report in 1979 —Research on the photochemical
secondary pollutants formation mechanism in the environmental atmosphere

(Part 1).(1982)

Meteorological characteristics and atmospheric diffusion phenomena in the
coastal region—Simulation of atmospheric motions and diffusion processes —
Progress report in 1989, {1982)

The development and evaluation of remote measurement methods for environmental
pollution—Research report in 1980. {1982)

Comprehensive evaluation of environmental impacts of road-and traffic. (1982)
Studies on the method for long term environmental monitoring—Progress report
in 1980-1981. (1982) '

Study on supporting technology for systems analysis of environmental policy
—The Evaluation Labolatory of Man-Environment Systems. {1982)

Preparation, analysis and certification of POND SEDIMENT certified reference
material. (1982)

The development and evaluation of remote measurement methods for emvironmental
pollution—Research report in 198%. (1983}

Studies on the biclogical effects of single and combined exposure of air
pollutants—Research report in L[981.{1983)

Statistical studies on methods of measurement and evaluation of chemical
condition of soil—with special reference to heavy metals—. (1983)
Experimetal studies on the physical properties of mud and the characteristics
of mud transportation. {1983)

Studies on chironomid midges of the Tama River. (1983}

Part 5. An observation on the distribution of Chironominae along the main
stream in fune, with description of 1§ new species.

Part 6. Description of species of the subfamily Orthcladiinae recovered fronm
the main stream in the June survey.

Part 7. Additional species collected in winter from the main stream

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system— Progress report in 1979—Research on the photochemical secondary
pollutants formation mechanism in the environmental atomosphere(Part 2).(1983)
Studies on the effect of organic wastes on the soil ecosystem— Outlines of
special research project—1978-1880. {1983)

Studies on the effect of organic wastes on the soil ecosystem— Research report
in 1979-1980, Part 1.(15383)

Studies on the effect of organic wastes on the soi] ecosystem—Research report
in 1979-1980, Part 2. (1983)

Study on optimal allecation of water quality monitoring poinrts. {1933)

The development and evaluation of remote measurement method for envircnmental
pollution—Research report in 1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters—Estimation
of input loading of Lake Kasumigaura—1980-1982. {1984)
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Comprehensive studies on the eutrophication control of freshwaters— The fune-
tion of the ecosystem and significance of sediment in nutrient cycle in Lake

Kasumigaura— 1980-1982. {1984)

Cdmprehensive studies on the sutrophication control of freshwaters—Enclosure

experiments for restoration of highly eutrophic shallow Lake Kasumigaura— 1980-
1982, (1934)

Comprehensive studies on the eutrophication control of freshwaters— Seasonal

changes of the biomass of fishes and crustacia in Lake Kasumigaura— 1930-~1982.
{1984)

Comprehensive studies on the eutrophication control of freshwaters—Modeling

the eutrophication of Lake Kasumigaura—1980-1982. (1984)

Comprehensive studies on the eutrophication contrel of freshwaters— Meastures

for eutrophication econtrol—1980-1982. {1984)

Comprehensive studies on the eutrophication control of freshwaters— Eutrophic-

ation in Lake Yunoko— 1980-1982. (1384)

Conprehensive studies on the eutrophication control ¢f freshwaters— Summary

of researches—1980-1982. (1984)

Studies on the method for long term environmental monitoring — Qutiines of

special research project in 1980-1982. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system — Photochemical ozone formation studied by the evacuable smog

chanber — Atmospheric photooxidation mechanisms of selected organic compounds
—HResearch report in 1980-1982,Part 1.(1934)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system—Formation mechanisms of photochemical aerozol —Research report
in 1980-1982,Part 2. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system — Research on the photochemical secondary pollutants formation

mechanism in the environmental atmosphere(Part 1)} —Research report in 1980-
1982, Part 3. (1984)

Effects of toxic substances on aquatic ecosystems —Progress repert in 1980-
1983, (1984)

Eutrophication and red tides in the coastal marine environment — Progress

report in [981. (1984)

Studies on effects of air pollutant mixtures on plants—Final report in 1979-
1981. (1984)

Studies on effects of air pollutant mixtures on plants—Part 1. (1984)

Studies on effects of air pollutant mixtures on plants—Part 2. (1984}

Studies on unfavourable effects on human body regarding to several toxie

materials in the enviroament, using epidemiotogical and analytieal techniques-—

Project research report in 1979-1981. (1984}

Studies on the environmental effects of the application of sewage sludge to
soil—Research report in 1981-1383. {1384}

Fundamental studies on the eutrophication of Lake Chuzenji — Basic research
report. (1984)

Studies on chironcmid midges in lakes of the Nikko National Park

Part I.Ecological studies on chironomids in lakes of the Nikko Natiomal Park

Part H.Taxonemical and morphological studies on the chironomid species

collected from lakes in the Nikko National Park. (1984)

Analysis on distributions of remnant snowpack and snow patch vegetation by
remote sensing. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system—Research on the photochemical secondary pollutants formation

mechanism in the environmental atmosphere — Research report in 1980-1§82

Part 4. (1985)

Studies on photochemical reactions of hydrocarbon~nitrogen oxides—sulfur

oxides system—Final report in 1980-1982, {(1985)

A comprehensive study on the development of indices system for urban and
suburban environmental quality—Environmental indices— Basic notion and forma-
tion. (1984)
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pollution—Research report in 1983. (1985)
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Studies on the method for long term environmental monitoring— Research repart
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Modeling of red tide blooms in the coastal sea—Research report in 1982~-1983.
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effects due to environmenial heavy metal eaposure—Final report im L9B2-1944,
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A novel retrieval system for identifications of unknown mass spectra. {1986)
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Comprehensive studies on effective use of natural ecosystems for water quality
management{ T ) —Structure and function of the ecosystems of littoral zone -
Research report in 1983-1984. (1986)

Comprehensive studies on effective use of natural ecosystems for water quality
management {II) — Self-purification in stream and soil —Research report in 1983-
1984, {13886)

Comprehensive studies on effective use of natural ecosystems for water quality
management (IV) —Development and application of wastewater treatment technolo-
gies utilizing self-purification ability— Research report in 1983-1984. (1986)
Bffects of toxic substances on aquatic ecosystems—Final repart in L981-1984.
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Studies on the methods for long-term monitoring of environmental pollutants in
the background regions—Development of highly sensitive and selective analyt-
ical metheds for measurement of pollutants in the background regions —Progress
report in 1983-1985. {1986)

Experimental studies on the effects of gaseous air pellutants in combination
on animals. (1%86)

A teview on studies of the global scale air quality perturbation. {138§)
Technological assessment of electric vehicle from the envirenmental protection
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Studies on the role of vegetation as a sink of air pollutants—Final report in
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Modeling of Red Tide Blooms in the Coastal Sea — Final report in 1984-1985.
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on Animals — Final Report in 1982-1986. (1983}
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