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Abstract

The object of this research is to understand the health effect of gaseous air pollutants in
combination, and to provide basic information for determining air quality criteria of ambient air or for
preventing the occurence of new adverse effects.

The Basic Medical Sciences Division and Engineering Division {Animal Research Center Section)
are concerned with the research project for the period 1982 to 1986. Approaches used to perform the
investigations include physiological, pathological, biochemical, toxicological, and immunological studies.
Although so many chemical substances have been recognized as gaseous air pollutants, particularly
nitrogen dioxide and ozone were used in the exposure experiments. Major problems designed to study
are as follows. '

1) Changes of gaseous exchange in lung, oxygen metabolism in organs and pneumo-vascular function,
2) Electrophysiological changes of neural function related to respiratory movement and the action
potential of the museles, 3) The morphological alteration, particularly, in the respiratory system, the
immunological responses including humoral and cellular immunity, and the cytogenic effect indicated
frequencies of sister-chromatid exchange, 4 )} Effects on the metabolic functions in tissue organella and
the proliferative response of red blood cells and alveolar cells by using young and aged animals, 5 )

The changes of lipid peroxidation and the related factors in lungs of various animals, 6) Effects on the
synthesis and metabolism of prostaglandins in lung and other organs, and on the contents of
prostaglandins in broncho-alveolar lavage, 7) Effects on the amino acids and peptides containing
sulfhydryl groups to understand the mechanism of oxidative toxicity, 8) Physiological, biochemical,

and pathoclogical effects at long-term, low-level exposure.

Key words:

nitrogen dioxide, ozone, exposure in combination, rat, mouse, hamster, guinea pig, rabbit, lung, red blood
cells, alveolar cells, tissue organella, physiology, prneumo-vascular function, neural function, pathology,
respiratory system, immunology, cytogenecity, metabolic functions, proliferative response, aging,
ether-phospholipid, microsomal xenobiotic-metabolism, microsomal electron-transport system, dolichol,
lipid peroxides, Vitamin E, glutathione, phospholipids, fatty acid composition. polyunsaturated fatty
acid, glutathione peroxidase, glutathione reductase, glucose-6-phosphate dehydrogenase, glutathione
S-transferase, supercxide dismutase, peroxidizability index, prostaglandin, prostaglandin Ig,
thromboxane B, arachidonic acid, 15-hydroxy-prostaglandin dehydrogenase, alveolar lavage,

7 -glutamylcysteine synthetase, glutathione synthetase.
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Assessment for Functional Changes of Autonomic Nervous System

due to Exposures with Nitrogen Dioxide and Ozone™
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Abstract

To assess the functional changes of autonomic nervous system in NOz-and Oz-exposed
rats, phenyl diguanide, which stimulates type ] receptors in the lungs, was injecteq to con-
trol and exposed rats at a constant dose. Based on a statistical test. a decrease in the heart
rate (HR) after the injection was observed in the groups exposed to 20 ppm NO; for 1.5h
and 3h, and 10 ppm NO; for 24h.

On the other hand, an increase in respiratory rate (RR) was observed in the groups
exposed to 10 ppm NO; for 3h and 4 ppm NO: for 1 wk. All groups exposed to combined
gas containing both 0,4ppm NO; and 0.2 or 0.4ppm O3 showed no considerable change in
HR and RR.
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These resulis suggest that the augmentation of the reflex cardiopulmonary responses
due to stimulation vagal afferent fibers, especially type J receptors, was induced by expo-
sures with a higher concentration of NO,.
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C ##E D —TE) A% phenyl diguanide i28F L TRV RIBE % 550, baRooFRlg - (EREATHCECES Y
LHLDEEZGRTVD, RILTIRINCBU AHEOMER T 4 2 capsacin & 312, W {20 FEH
LB P hin S0, [ SEB L - BREHLPE(GEVOLTLE I AR IA TV,
EFRIOEMICE DFRINLTR - FRESHIED LTELCDREBERIIODWTHEERTT-
TAER, NOp ORBRO— TR OB L HBRAE 52 L 4 M52 Ui,

2 WELTE

2.1 ERAR:HELY

FEEIZIIGEIOILD Y 4 25 —FRET » FEAVAY, ThOREBRFTIOELT, MTid
NAZEREE 2.1.1~2 L4 T EN, 2EFEMEOPTRIN TV A AL, EBRHETEH
RTORAFERT,

2. 1.1 Bs5E-REREE
12~13:84, IE® 7 v + O, phenyl diguanide (LA F PDG L B&E) (203 245 58-S EME 28~



TRALERRUR L BRI L 2 BEREER R

Ao, SIEOF o MZHLT2.5, 5, 10, 20050 ng/ke® PDG ¥ FREFNIEG L7,

2.1. 2 NO:aMBREXR

a. 20ppm B8 [ 12~138 4, | HFR9R M (20ppm/ 1 h 8, n=15), 1.5BFRI#ENE (20ppm/1.5h
T, n=15), 3EEHBRTFEH Q0 ppn/3h ¥, n=106), JEHBEEL/HUBBREFERICRELE
B (20ppm/ 3 h-clean #, n=6), BIFIN&HDHHE (control B, n=106), LLF, [HkOKETR
w5,

b. 10ppm £ : 1A%, 10ppm/ 3h ¥ (=16), 10ppm/ 3 hclean®t (n=6), 10ppm/24h B (v=
6), control E=15),

c. MERERME | 9 ~ 1084, 20ppm/1.5h #E (e =10), 20ppm/ 3 h B (w=10}, control B (r=10},

2. 1.3 NO: RU O; DHEAOEIMRTEE:

a. 4 ppmEE 1 12—1384, NO; dppm/ 1w BEw=6), control B (=16,

b. 0.4ppm BF 1 12~138 5, NO:0.dppm/ 4 w B (w=6), 0;0.4ppm/ 4 wE (r=6), control
ﬁ(": 6)0

2. 1.4 NOAO: BAMBERER

a. 1AMEE 985, NO;0.4ppm+030.2ppm/ 1 w B (w=5), NO;0.4ppm+030.4ppm/ 1
wim=5), control #(nh=15),

b. 4 MBI | 1284, NO,0.4ppm+030.2ppm/ 4 w B (r=5), NOp0.4ppm+030.4ppm/ 4
win=05), control FEm=5), B, ZOEREI2ETbOIL.

2. 2 EREREFERURESE
RBET v -V LHEF -0 T e FESICED LA, BHIZT o FMAEESRY
AVvT5 y b e WEMLICRE L7z, LR OREIAME DR 2 8849 3 TF OB LI
BRARADZELHSIELZ. ImOy sy YAEHI IV PERVTRA YT — 0
(pentobarbital sodium) % 30mg/kg, RAEERIRICIRS L, BB AT o 720 FVC, AR OPRA
HTHMEW DBk, BRSO S, KEBEIR L KRB M FLE A, 558 L7,
PDG 25 O 70 ITE S N724E Luom @A) LF L > F 2 — 7 (Hibiki, No. 3) & REREHIRAIIC £
OFmE PEBIZAT TH 1em FHAL, MEFELF2-7TLOMEAVRESRTHEELZ KIZ,
FHBAOER AL (N HE, WEEEHEEFRICH - TERICFAL LIV AELHELL
2o TEBOFHBE#HAMMHICTELT, KEOREGREMICEB LK BIEERT-FESK
B OSHEE OB BRI 3 CTHSLEINE 2 AR, SE2.5mm, RS 2Zem O:RY) TF
L ¥ F 2 — 7 (Hibiki, No. 8) ZIPRAFMBAOH = 2 — L & LTHY, Lfofi EA 5 i



B g

TS5 ~Tmm A L& ZATIED, AEs IR TEEL
FRAKEBROLBREIRE I 22— Lt Y 70 AL BBPEER T AT 2 —H—
(Toyoda-koki, PDI102) 4 i+ 5 LIl L o TiT oo KBEH =2 - LEHAN T LEROBNI
o YAV~ —TERMEICER A%, EREESGTHES L, LEROREER, X
FYUABEMR R ENERE LTHAL, 7 FOREIREEEEBOETFICERTRALT,
R FE T o720 ~HBOEBRTIEKRBRICIHBA LS Z2 - L3N LTS HMEFTHL
720

A, LERRCMEILESS, 45« X RAOTF Y 0¥+ » 213 23— 7 (National,
VPS03A) TR ¥ — T2 L3, EEANYEE LI — ¥ — (San-ei, Rectigraph 88) TElR#t b
i & hiz, PDG DS, 4 v Y2y ¥ —2BAWTH IHEDT TIT -7, PDGIRSHHD
4 1 SRICBITHREIIETVT, 1085 2L OLIHEHR) J UTRE S (RR) % 5HA L 72,

%23, PDG i3 ICN Pharmaceutical. Inc. (Plainview, N. Y. )BIORFE+H, ) v BNy 77— %
BUHEEAEIEKCL0po/mi (EEBRIAR 2. 1.2-2. 1.4 5 X 3L, pH IE7.361RE L/,

3 BREEE

3.1 B5R-REHE

2.5, 5, 10, 20BU50 zg/kg 0 phenyl diguanide (AT, PDG &BETI#EH 7 » ML,
GEe, LHBERUTRBROTILE L OBBELTR~N. TO/REH 1R, BARD25ug
iR (HR) F BB (RR) OO FIZS BRI S h oz b pg TR LIHBIEARESD, £
PR T BB EE o7 W0 g S 0HBORIZEY 19 &k, RERMETIEY
BMOENKEL ol HICEREON pg TH, HESHICHATERL, B5H152FALT
baakblfidAabhhdorz. WREIES ~20xg OB THEIMLAA, S0pg TEFEHIZEL
WA L7z, SRRSHEBICHI0ERES 2 EHEANHRT 20 TH b,

21245 pwe/kg DPDG 2385 Lk SORRARDBMA (A, LEHE RUDE O OBLE
Y, FERAGEHAR T, MEMOHE T - CFPILEB A HERIL LT B 2 b %R, BERT
BEL /=A%, LdaBhcidid & A EEMEAE L Tulv, BB L7 L 51210 pg L EDIRSE TR0
Mot Lohs, CoLELERIEZEEBEA- VIO 7)) R NERERER L,

PDGIZFII & D 2D & ) e « MEBBUE @ T~ TOEETHRSMEE2. SHILA, ELED 3
FLMCREL, OBy FL L THGNTWE PDG OA.LERESIZE S injec-
tion-response time * I EAEF L Th o7z, ZOLIHKEILEIGE TOFBIEO EEGNC
s, TREOEE - BRELIHERZA LSO LOTHL 2 E 2 FET 2, FESHLS
OIS 18 8220 ¢t ORGOFEL- PEEERETHLIEFHELPIIE T D,
FAEMBEIOLED L) BRENPDG I L > THIBE 2 200 REL 224, ZORCHALT
Paintal ™ " ZBHE L ERET o o8 R, WOHAEXRNT A EHRENICAEZEL W2 LRD
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Fig. 1  Effects of phenyl diguanide (2.5~50 x g/kg body weight) on (a) heart rate
and (b)respiratory rate of normal rats

Each point represents the value per 10 seconds.

LD ST 7 b B ] 2%52% (juxta-pulmonary capillary receptor) 272 GEEMICH LT, &b
BMEICEETLIEERWE LA, JOB, IRAEHE PDC k5, B L2 58 BIMIIIR
EFRTHREL TV 3, SOSEZBIFHERPO PDC 04 % 61, ABLBHROMEFIZEIND
PDGiIC ko THMEAZIA I EHFHERSATHLHE §/, 0% - BHREMICELT,

PDG L HMOEM % &2 capsacin & 4 X OKEXBRP IS L, COBRES sn/-E s, M
B OME ERT 2 &N TR ABLABE T, LEOKSAWY 1 > 1 hsli o™
ZEdbiroTwd, FEER, KERHKEERTELOW & GYRTLZF » P TR, PDG O
53475 THLHBORY L IERT 2 A5V L, BFOMREBT bOE &S 7 v b
TLEAHLNDL 2 &, FRHEERERNGSNES » M T, PDG OIS EEID, MRS MMRA 1
~ 20, BESIEETLIZI LRS- TH, HERZO LG, BENETIREALEELEZY
Ik, RUSEREMEROCHESENESRNIEHONEATE, PDG D52 L - THIRIFO—# T/  —
AP ERTBERIGETL L (EBRRRETFT V) 2ATwH, TNS5DOHED S, PDG I
BIRALCIEES s b &, ECHO I ESERTAET AL QBLPT, ZOZERTEAT 9 b
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Fig. 2 A simultaneous record of {a) pneumogram, (b) electrocardiogram, and (¢)
blood pressure of a normal rat
Phenyl diguanide (5 xg/kg body weight) was injected at the upper left signal.
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NOz %2 O IZRBS AT v MIFR - BRAICELT &/-L, FR60O—HICILEIREMZED
M LRI e, £ O PDG M TARICHEYH~NL I L FEREV, 2
T, EEBYCILOHE, FRERICERLEL LRI S 2h o720 np/ked 58 & LTED,
B OZBEH TRIWMEBORBIT L E L2,

3. 2 NO RHBERER

control 3, 10ppm NOz/24h BB U° 20ppm NOg/ 3h B 12135 PDGS pe/ke HE5HIHSE4 14
M OLSB R & B OE L # K 3 ISR T, MABH L QIS5 HROIMIC, CIaE L MR OEH
LA ARG SR, 10ppm/24b BT RS H 1 S UATOLHBOBEZED SHe b oo
PDG K3 508 ERIBOKRE S, EFBMICS0 ng/kg(1005E) 245 L L SO E
VA5 7
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Fig. 3  Changes of heart rate (HR) and respiratory rate (RR} of the control and ex-
posed groups by phenyl diguanide injections (5 pg/kg body weight)

{(O): control group n=6), ((0): NOz 10ppm/24h group {n=6), (2): NOp 20ppm/ 3 b
group (n=6) .
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Fig. 4 Values of heart rate (HR) and respiratory rate {RR) 10 s before and after
phenyl diguanide injection {5 xg/kg body weight) in control, and 20 ppm and
10 ppm exposure groups

(A) 20ppm exposure. (B} 10ppm exposure. Each value shows the mean value and stan-
dard deviatien, %; p<0,05, % %*: p<0,01.
Open bars show the value before injection and closed bars after injection.

o 20ppm REHTRVIROBICBVTLLARIEBI T2 2L 2R 1L, 20ppm/1.5h B, /
3h¥, /3hclean FHTE, HEWOHELOMTEEENRS SN/, 20ppm/ 31 BT, Z5H
DL NUHFIR - ED EETFTLTWAY, CAEIRITEELSARELTCE/L)IT, Wik
EDONO: ZRBEFNBEMHMLWERLTEI LT A0 TH L, 20ppm/ 3hclean FTIE, &5
QLR L SV SBIEE L NVIZELTWAIZ b b s ¥, 5 5HICHEomy »H
DNEITHLILHb, HEHOLTELALOESICHESL <, 20ppm NO, 3BHEZOBE
D LB T AL EZ SND, PREICELT, 2ppm BEH T/ 3nBHETOL, HH
LA ATR SN 20ppm/ L h BEE/1.5nEECIL, # S BIPRESEE MMt AEME( L h BT
UC, 1.5h BT 1IC) & OBl b+ A4 (1 h BT 20, 1.5BMBT 1L BN,
0L BIEFHORIEE, EREDIC B AW EAS0 pg/ke OB E, 20pxg/kg WTOBE
LA (B1) #FADL L RIREY,

10ppm BEFHICBIT L LMBOBEMITEMHEINICT Lo 7245, 10ppm/24h TOHOAFHE WA A
TENS, MPIEEIE10ppm/ 3hBEE, /3 h-clean BETHEIZEN L e 10ppm/24h B0 LR
DU 3 a0 B 12, 20ppm/ 3 h BEIC 31 B VBRI BB B o 72,
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3.3 NO RU O; DERTEAMRBRR

[FH%iZ, NOp0.4ppm/ 4w #, 030.4ppm/ 4 w BRI NO; 4 ppm/ 1 wBFIC PDG 5 pg/kg %4545
L7z E0BSWHHEIIBT 5008, HWREOHEER S I2RT. 4dppm/ 1w TOAREREHD
HELBINARS S, OB T EEOELIZ/NE L, control LR LBETH - 7,

3.4 NOAO; BRHFERER

ElREZ NOs 0.4ppm+030.2ppm/ 1, 4w & NO2+030.4ppm/ 1, 4w HOBHIIBITLER
BRER6IRT, LA TRTORTERORLERD SN L d o7, LPLEDS, NO:
0.4ppm+0530.2ppm/ 4 w BED—ED T » b Cid LR ARE (2B F 5B 04T% 12| D) L 7o
AL NOp 0. 4ppm+ 020 dppm/ 1w B L, 4w B TEBRIEM L. LALLTFhold 20
SIZHIE T 5 control FETIPRFATHEHIZHMIML TV, THODERIEIF U EENE LM oM
AELET, BEHYELTITHONEN, I TRTICORER L control BT, O, BR
HOWThOHEEOE{LATRS NG otz

LEOEBREEBRTHONIEADS, 10ppm X U20ppm O NO, B EFEH S 4 ppm @ NO; B
SMREHICBVT, FRoO—TIE PDG I X LI - SRS OE Y 1 5 2RERATR S 472,
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Fig. 5 Values of heart rate (HR) and respiratory rate (RR) 10 s before and after

phenyl diguanide injection {5 a4 g/kg body weight) in control, and exposure
groups subjected to NO» or O3 alon

Remarks are the same as in Fig, 1.
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Fig. 6  Values of heart rate (HR) and respiratory rate (RR) 10 s before and after

phenyl diguanide injection (5 g u/kg body weight ) in contral, and exposure
groups subjected to the mixed gas of NOz and O3
Remarks are the same as in Fig. 1. * %p<0.01., * % %p<0.001.

u®;7&E%®W%ﬁE HIEOBERYEEMICHEHTAZ L IEETHL, ILERBOAE
CHELTAROI EPFHOSNT VDL, | SEREIMALERRBIHL L3RI LALRHLIVE
Vs, SRS AR, BFFEm', MhAE™ R OSETR'Y & L, MARe 2RI H B L &P
FLETRETHO TREESTRT TS L vbih, | SEBIYTLIRLERLNEE, 0%
BROBREIFEELCOABEIIBT A2 BEROMNT, LE LAMOSEREIBVWTS, IO
CEDRANERRE LTHS T 2 ERESEVY L vbhs, BRoLBY, NO: DEETT
HDBELERYRALE, KBS L REEATIIBENS LB DS, KEBRT KR
DTl v LI ICE 50858, | TEBORBIE 2R LTV ARG E T ALV,

113 PDG a2 A R ATE B Cd - £ 20ppm/1.5h § & 20ppm/ 3 h B IZDWT, BEHRT
BB - 7S EROES control BE O THE LD THD, MiEERIL20ppm/1.50
T, control BIZHA~CEEIZHIIN L 7ze HERTAIR A7 0 i WIE L2 AS B E R i3 20ppm/ 3h B THE
RN L, k1O RS, CHOOBTEMAEAEBITLoob KRS EH
TEDL, COILH]ERBOREBLIMD L CRERMIPIIEL, KO PDG (2 HER
HErEosTEERTFIIELOAS,
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# 1 xfHE# R U NO, 10, 20ppm B8R 3514 2 MG E
Table 1 Lung wet weights of control and 10ppm-and 20ppm-exposed groups

control 20ppm/1.5h 20ppm/3h
B.W.{(g) W(g) W/kg B.W. W W/kg B.W. W W/ke
M 273.6 1.095 4,018 279.6 1.164™ 4,164 262.8 1.136 4.324**
SD 7.8 0.054 0.134 8.3 0.060 0.202 8.2 0.080 0.280

(BW.) body weight, (W) lung wet weight (g), (W/kg) lung wet weight/kg body weight,
*:p<0.05, *%:p<0.01

NO2 0.4ppm/ 4 w #, 03 0.4ppm/ 4 w BER U NO; 0.4ppm+02 0.2ppm/ 1, 4w B, NO,0.4ppm
+030.4ppm/ 1, 4w BOKBTH, | SERY AT 5RAREEEELTVA VL DL BB S
Bo L Lads, | FEBONMSIEMIHEROMATHEE L2 EFFETHL LTI, =
NODMERICEGT b RESMOBFRAMEAL 2 ), ZONETELNAHEOATT<TEE
it B o 23 TERV, E2—MOREETH LN PDC 12 & 2 RKHTHEO R AWM IR e
BOLALVZROENDDD, &5\VEHFEMECHRE & o L EHB S EOBRSHEILL b Y
LTWAOH, 2EOMICHLTbBESTERABETHD,

ERETEREHEDUOMEREELFET 2 2 0ORG & LT, BWRTEBROME SR
Lo, 4MoEBFEC L DRI E A L A4S, NOp 2 03 & & OMEAHERICRITT
Y LB 5T ALERATRE AT YD,
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Enhancement of IgE Antibody Production by Acute Exposure

to Ozone or Nitrogen Dioxide in Mice

G E - BEHENT . AR -
AELGBE - HARRT
Toru IMAI', Hidekazu FUJIMAKI?, Fujio SHIRAISHI®, Yoshic HONDA®
and Fujio SHIMIZU?

E F

BALB/c = A 12, 1.8ppm O3 K UF 0ppm NO; M EFNFN IR, aMBEE 4T - T4
DEO E UAREA RITSREE 2R Uiz, L. 8ppm Qs LU 30ppm NO, B8 HEHBIL, =
TOSNAERSGHRICDIEEI SRAIME T L 7 2 v (0A) IgE kL % £h 2 hi
WMLz, ZHCH LI ORI £ B T BUEEA 1212 O3 RIS NO, 22T
CEAEBEHEDOON L h o7, THLOFERL D O RU NG, M 5GERMCORIE F 4t
LT, IGEMRBEECHELL5.2 5 LT s h,

Abstract

The effects of acute exposure to 1.8ppm O3 or 30ppm NO; on [gE antibody production
were investigated in BALB/¢ mice. When aerosolized antigen (ovalbumin; QA) was admi-
nistered after the exposure for 3 h, anti-OCA 1gE antibody productions were enhanced. In
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contrast, the exposure to Q3 or NO: did not change primary IgE antibody response by
intraperitoneal injection of the antigen.

These results suggest that the acute exposure to Q3 or NO; affect the IgE antibody pro-
duction through the response of respiratory tract.

1 lBLsKE

7 LA MR BORE L KRG OB ERGOEE T 5 2 L AYEFERIRIC X DiE
mEhTnal,

1MOT LV - RIGT i R EFEELRE TR LTI ERELR TV A, KRG
BT AT 1gE A LS 2 BB IDERBWE B/ HERIRL ARGy, 22
THA L, O3 BUNO; DBMERES, <9 A0 g HEEECRETHELHELMITHEHT
FIRGEH AT - 70

2 &

2.1 & W

6 ~ 8B4 BALB/c By A (HFRF v — WA ) =) & IgE $REEAL, F7:200~250g Wis-
tar ZHEZ v F (HA&EZ L 7) % PCA (Passive Cutanecus Anaphylaxis) SUBIZH V72,

2.2 O3 BRUNO, DRE
03 BB, 1.8ppm OBEET 3 BER, NO, BEI, 30ppm OBIET 3B, F4 ABLICHE L7
FHEEIVTERFNIT - 720

2.3 HRE/RS

Grade[ll (Aerosol &) & Grade VI (MEMER OB A7V 7 2 » (0A: Sigma) % AV 7z, B
Aerosol 12, 1 %O0A EREMKETE % B nebulizer (Devilbis Model 65) & FlWTHAE S €72,
Z® Aerosol T Z NVEF ¢ - B AKBRFEE SN A6 FHBREL

2, 4 R

1%0A % 6 =7 ZICRETHZ L CH OA IgE R EEIZ B S Priming )R 2w A1
s, KIDT B, 10 2g0A % 2 mgAl (OH) s (BGAEE) & 36227 ARBWNEET L 2 &
T, HOALENVIEREELSHE L, Zho0vy AGRBRE O EFWHIZ0.2m DM LT,
0.9mi ®~2$1) AR (10unit/m) LIRE L, &b L7 Eif%E b - TIOEHRMF L L7
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2. 5 IgE A{SMEDRAE

< 7 A% H OB OA IR Hifkid Wistar 7 » MEHER A2 PCA KB THE L, £F
T IVAFEOFREFO0.Int F2%8 7 » MREPNIEH U, 2BHET » FVEBIRL D 1 mgoAa
%% 1r 1 %Evans Blue 1 m! %4 L, 3050BICRCIRLAT » PEBZBIAEEHFEE L,
EESmm B EDFEH LR TIMEORBHERERL b o TPCA UMM S L7z &, #ES
MeLT2ZIRELE2@ALA,

I B B

3.1 O; R NO; St RBIC L 5 IgE MEELE D

BALB/c =77 221.8ppm O3 X 1330ppm NO; # BB RE L7, TOEMKIZ 1 $0A Aerosol %
CHMBEL, EIZTHBRI0 g 0A 2mg AI{OH) 3 & TS L, 41 0A [gE fBEL*H
Bl ZORKE, OABERNEM7 O%OMEP DM 0A IgE ki, 0: REH, NO, REIIC
BTl D 160% 7B LABEO D CA0IHEEICHEMUA(FE1), NOBRBECBWTIE, oA
HUAHRICB T LB b E LD,

= 1 03 RU'NO, 2HERFICL 5 IgE HifAE 4 O

Table } Enhancement of anti-OA IgE antibody productions by acute exposure to O3 or

NO,
Exposure™  Aerosolized QA Immunization Anti-OA IgE PCA
administration I titers
day 7 day O day 7 day 14
10 xg OA
1.8ppm Qs + + 160 160
Zmg AL(OH)»
i0 pg OA
30ppm NO: + + 160 320
2mg Al{OH)s
10 0A
Control + £8 40 80
2mg Al{OH}a

%: Exposure to O3 or NOz for 3 h
% % [ntraperitoneal injection

3.2 O3 RUFNO; BM¥RBO—X gE MEEEADRE

ATEEET1.8ppm O3 B UF 30ppm NO» ¥ [gE HifEpEAE #4722 226, 03 H DV E NO,
F2ED OA FUERHMOWT I L2225 BN TROELBR LT - /20

BALB/c =7 A1Z1.8ppm O3 K UF30ppm NO % 3BEMBEEZEL, 7 B#4iZ104g0A % 2 mg Al
(OH)s IR T 2 2 & THLOA REHKEAYHFE L2, ZOHERL8ppm O R
30ppm NO, RE I, FURBERERICLS—K REMGEECEELRIZE o 0(F2), &
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Table 2 Effect of acute exposure to O3z or NO; on primary IgE antibody response to OA

Exposure ™ Immunization ® * Anti-OA [gE PCA titers
day 7 day 0 day 7 day 14
Exp. 1 Control 10 pg OA+2mg AI(QH): 0O 160
1.8ppm O3 10 pg OA+2mg AI(OH): 0O 160
Exp. 2 Control 10 pg OA+2mg AI{OH): 20 160
30ppm NO: 10 pg OA+2mg AI(OH): 40 160

*: Exposure to O3 or NOy for 3 h
% % Intraperitoneal injection

DRELD, OsﬁUNOz%‘ﬁzﬁcrﬁU) SEEDHUE Aerosol G- S NBRICEOLNE Z EAURE R
7z

4 £ B

1.8ppm O3 K F30ppm NO: ORFE L, F0OHO 0A MERL C§ 577 & IgE ik iEE 418
L. SOMEIEEIE R Aerosol 5 L7 E ZIIDAALNS, ZHIZH L, PUEOMENERE
HAZ X B —K 1gE PR (T130; RUFNO: B RIEBERE Lh o7, TREDFRIE, 4
DEBREHT T 0; RN SURFEFTERNCHELS L, BREMIZIRS SN2 0A HUFIZ
LopiEEE Ry B s e LRSS,

O RUTNO, DIEBBFIC2WTIE, ROZEDFEZOLND, 1)0; RUNO. OBMLIERIZL D
FEREORBIRE D, MRMTFE~OREOBAFES kol 2)BEEBHCHRARDD
Rl & ) B3It B clearance BEEAME T L7z 3)PEOEEC L OIS HE L7z, =
o OMEREOREH G4 OTFEFRVWEERIIIZBRMIELEZOR D,

IHE T RAERYEFEAORGEERICLBET S L5 L0 ) BREBRTOHRE IV (D
pH BT, Ll IgE MEEE~OBELEREW AV TR LTV DR L%V, Ger-
shwin 5% it 03 BHE R UILE Acrosol BE L7277 ORI IgE &5 #0595 55250
WKL 7225, MigCo IgE PifRffiicidBkdsAa b hd s EFRE L Tnb, SEOHALD
HRETR, MRRRIL gE URELORBMAMEF RS O,

03 & NO, DREBSB~OBEEERL L L VIREDHHHY SEORHET TREH IR
O IgE AR ADKMEBZ Lz, oo, WEH, FEOEBE S THESIRE S5 95
SHBBICKEAGERIEORE, REHROLEREIEING,

WO
BARALIINSD, ORI IHE £ THO 2 I ERE-L T IRk S8 4 th 2
#ZYZEH LTS,
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Effect of Subacute Exposure to Ozone on IgE Antibody Production in Mice

N AT BRESAT - B AR
FEFE? - ¥ LI E
Masashi OZAWA!, Hidekazu FUJIMAKI®, Fujic SHIRAISHI®
Yoshio HONDA® and Masataka MURAKAMI'

g 5

0.8ppm AV ¥ (0 D1, 2RUFAMEBFEIZL S BALB/c = 20 IgE PifhEgEA i
FAZTHEBIIOWTHRI L.

GRERL L, 0; BHEEICHIE Ovalbumin (QA) Z A1 (OH); OS2 L DT AR Sh
B OA WE Brik i, MWHEB L OISR SR o e —F, Aerosol FIELOEE
SFOEIRGHIIF| SRR S DM 0A EFEEAE, 1~ 4:8M0 0, RFBIZL HinH =
oz,

S5, 2@ IgE HEEA OGRS O A H = X L &8N 57260 Hapten-carrier ¥
Wi EB S iTombla, O DEFEIBMEL VX THRICRIZERTYDS I LATR
BEns,

Abstract

The effect of subacute exposure to ozone (Qa) on IgE antibody production was in-
vestigated in BALB/c¢ mice.

Mice were continuously exposed to 0.8 ppm Oz for 1, 2, or 4 weeks, respectively.
No significant difference in the primary IgE antibody production by intraperitoneal
immunization alone was observed between Oj-exposed and non-exposed mice. However,
IgE antibody production after administration of aerosolized antigen was suppressed in Os-

1. IBAIS7—60HE BN AHEMENLAMER REEREANTY T100 RRBEEHFE 3 —25—8)
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exposed mice.

In order to elucidate the suppressive mechanism of the IgE antibody production, hap-
ten-carrier antigenic system was used. It is shown that the induction of helper T cell func-
tion was suppressed while B cell was almost intact.

These results suggest that Oz exposure has the effect on T cell and the quite insignifi-
cant effect on the IgE antibody production after intraperitoneal immunization with antigen.

1 RUsic

SEOT L AF—HEREKEF L OMORNRBEATRIN TV A 2 dhbsT 0 &
IgE #ifh & oBIEME I D W T OFEBRMBFFE I D v,

FATF AL O3, NO, OSMRENF OB O Aerosol BAEIZ L DB XA 2h 2 IgE HikRE
AEHHTAZLEHELAY, 374, O HAREREOREEREIIRITTEECDLTRIILE
EZ A, 0.8ppm 030 2 FMREIC L Y IgM HitkiE L OMHIAEE 2 i,

FHRIR O EBMFRFER, ¥ 7 AU Acrosol TR T BEEMICHS LT, 0: D IgE FLikmEd
RETTEBOBBORALEHNETLL0TH L,

2 K &

2.1 EBEY

BAFr— A - )= L AL THSOHEBALB/c v A% —B6LE LTHA L.
IgE PifkfliflE A & LT, 200~250g # Wistar 7 » M (H&Z L T7) 2 EH L,

2.2 O:8B

T A420.8ppm DEED 0, T, FHFNL, 2, RUIHAMOEREBE Y77, EE G
BIDHECH 572 HBHE LT 4+ S LVIHBRERLRENEFA—SHCEBE L, 0: &
#Erb, I EHAER L, KEWEZm L,

2.3 mE#RSE

Ovalbumin (OA) % Sigma Chemical Co. USA & ¥, Keyhole limpet hemocyanin (KLH) ik Cal-
biochem Behring Corp, USA & ¥, Human gamma-globulin (HGG) I2 AB Kabi, Sweden & D BEA L 770
Hapten-carrier 2O EBRD 72612, 0A - KLH - HGG @ 3 HOHUE L Eisen 5@ HEY IS L 9 Dinit-
rophenol (DNF) & £ FhiEE& 3¢/, HEGT 1 L7 H O DNP 45Tt OA Tik 3, KLH
Tik 9, HGG Tik6 Th o7, DNP LOA %#55 L7285 (DNP-OA) If, Aerosol HER B OB
BERAMKE L LT, DNP & KLH #&4& L7/ (DNP-KLH) B NEBHANRE L LT, 2561
DNP & HGG % #& L 7-#H#E (DNP-HGG) & PCA RUS® challenge AHUE & LCHEA L7,

Aerosol {t L7z OA B UF DNP-OA DESBEILG 1XBEHE A 7 7 1 #— (Devilbiss Co. Ltd.. Model
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65) L H T RAFy v i HWTiTol, BHFES7IAH—, 15MICHI0OREL 156
W 2ml DELBEETLLOTEHA, FIA - Fr /- RBERHIGC.21 T, —HII§EDTY
2% —&MTFT Acrosol FIEIZ BB TEBEMEYHT 2, 6LDT T AL F ¢+ X/ I—HIZHRHE
DHFFEALSEBRTEEL, 1% 0A &5\ i3 DNP-OA EHEIEKO Aerosol % 6 47 M 50E
‘e L,

2.4 Rk

10 g QA & adjuvant & LTD 2mg ALOH): P2 EAM L7608~ AOBIEMICHE L TH
B L70 Aerosol LB OBSERSHRICHLE SN gF HfAEEAE 2BV TIE, Aerosol 0A D5 L
N7 HiglFAEOBMETRIE LY, £72, 0@ BHIRIZS 2 5B % hapten-carrier RI2 L W R
HY¥ B0, KLH TR b - TRIE L7 A1 1 %0 Aerosol {b L7: DNP-OA 2435 L, 7H
#1210 ng DNP-KLH & 2 mg A1{OH) 3 & 2 FEREAIER L 728, %642, %02 D hapten-carrier A%
WHLT THRIZRITT O 0EBELHRFETHHMNT, 1 %0A Aerosol 125 L, 7HHEIZ10xg
DNP-0OA & 2 mg Al {OH) 3 & % BAEPHAE L7:,

2. 5 IgE MifsloAE

MROBBAEREL 0 7 HE L 14EH%E, <7 A0BIRESRE L D 2hth0.2m F24RMmL,
ZRED.G ml DAY oA B AR 0U/m) & R E S ITRA L 72 $51000g C1055 B 0o BE L
tro FOLHLIMEORFFILMIE & L, FNFN6ILFRIBE LM 1gE Huikfliz £85I
PCA FEIC & » Tl L 7Y, PCA RIGIEBIE L 728 Wistar 7 v b OFEOEAIZ0. 1m0 —E
OF R % 71681 L 77, 24BEHI %12 1 mi D0.5%Evans blue (258 L7 1 mg DAL LU L 7 »
FORER L OBIE L, UREREL D30I, 7 FOEMEOFRBORESEMEL, B
FEomm UL ERIEE L. ShoDHFIZR2EDT » MR L, RIEARENE &R - 2mSdF
T A PR S Lz T o FOBEEIC LAREOHRIZIZEASBD LR o7,

2. 6 mHRmEg
RSHRBE O B 5 ISR OEE LRSS 5 BAT, <7 AIZ200R OGS & I T
BOBEAEEL D 1 BRICT » 720 BOTHRIS 3 (2 MBRISOSR HIZ A 7 ¢ aBEERA L7

3 ¥ %

3.1 HEOERARE#ICISEI AN —RIGEMBELIRET O; RBOEE

0.8ppm03138, 2BWRF4BMMOBERTIHI, 104g0Ak 2mg AI(OH)2 L 2RHL, Zh
PIRRENERE L 72, FORR, 0 BEN ML OMOMFE DO 0A TgE FAMICHEZILER
BoENLh ol (B1), $7:, 03 BERT 7 OHKICF — OV % BISAEME L 225610 Mk
HBEIEDON(K2),
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Fig. 1 Effect of exposure to ozone for various periods on primary IgE antibody produc-
tion in mice immunized immediately after exposure to ozone
All mice received 10 #g OA 2mg Al{OH}; intraperitoneally on Day O immediately after ex-
posure to ozone for 1 week (W), 2 weeks (M), 4 weeks (@), respectively. A control
group () was exposed te ambient air.
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Fig. Effect of exposure to ozone for various periods on primary IgE antibody produc-

tion in mice immunized 7 days after exposure to ozone

Groups of mice were exposed ozone for 1 week (W), 2 weeks (M) or 4 weeks (@) by
Day- 7.

A control group {3} was exposed to ambient air. All mice received 10 rg0A with 2 mg
AL{OH); intraperitoneally on Day 0.

3. 2 Aerosol AROBTERSHICSIZRBISh3 IgERBELEICRIFT O; RBEORE
4 OO 03 REBRY T AT 1 %D Aerosol {EL720A % 6 3BRS L, 207 HiEiZ10 ug
OA & 2mg Al(OH)3 & EMBEPHEIE L 720 3O TL {, O DEAMRHER, H OA IgE Hiftkie

EEFECHH L,
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Fig. 3 Effect of exposure to ozone on IgE antihody response after aerosolized OA in-

halation

Groups of mice exposed to ozone for 1 week {W), 2 weeks (M} or 4 weeks (4) by
Day- 7. A control group ((O) was exposed to ambient air.

Immediately after ozene exposure, all mice were administered 1 % aerosolized DA for 6
min on Day- 7. On Day 0. all mice received 10 x g OA with 2 mg Al {OH) ;3 intraperi-
toneally.

3.3 hapten RN BHMIRICEIFT O: RBOBE

E

OIS 2 MAT 5 -0 T ORBEE T 2. 3, 77 20 Carrier R T #ila %

FEATHLDHIT, OREFT7ORNIZ] pgKLH TRELA, X2, 03 1ANBRER TEREIZ Aero-
sol {L L7 DNP-OA %% 5. L7z, 362707 HiEIZ, DNP-KLH #ERER L, FOE,
HMEEHE O REHOWMEBIIBOTH DNP REMAELIIAFELRZRED LN L7 (FE L),

3.4 THEIC

1 HM D O ZHFHEIZ,
2 2 mg AL(OH} 4 2

RIEFT 0. RBOEH
1 %D Aerosol fE L7z 0A # 6l = 7 A UZH 5 Lz, 8612, 1:8#%
{BAI L7210 g DNP-OA #HIERERE Lz, H2IITFT 590 2EHO©

# 1 FVrRRONTT CRRN BRI TE
Table 1 Effect of ozone exposure on hapten specific B cells
Intraperitoneal Ozone Administration of Intraperitoneal Anti-DNP [gE
immunization (0.8ppm) DNP-OA aerosol immunization PCA titer’
from day-14
. . day 7 14
day-21 to day-7 day- 7 day 0 ay day
lpgg KLH+2mg Al(OH): None min. 10 g DNP—KLH+2mg A1(OH)s 160 320
1pug KLH+2mg Al(OH): Exposed Smin. 10 g DNP—KLH+2mg AI(OH): 80 320

'Mice were administered 1% aerosolized DNP-OA in saline for 6 min.
Titer determined by peoled sera from 6 mice.
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Table 2 Effect of ozone exposure on T cells induced with aerosolized QA

Ozone Administration Intraperitoneal IgE PCA titer
(0.8ppm) of OA aerosol immunization irradiation Anti-DNP_ Anti-OA
7{;01110 d-a;' day- 7 day 0 day 1 day 7 day 7
A, None 6min. 10 4g DNP—OA+2mg AI{OH): O R 80 80
B. Nomne Gmin. 10 g DNP—QA+2mg AI(OH)s 200R 320 160
C. Exposed 6min. 10 gg DNP—0OA+2mg AI(OH)s O R 10 16
D. Exposed 6min. 10#g DNP—OA+32mg Al(OH): 200R 10 10

"Mice were administered 1% aerosolized OA i saline for 6 min.
Titer determined by pooled sera from 6 mice.

BWTIE, HER(A)ICHAYL OA IgE MIFE S T SN0k FR O AL DNP 1gE ke
ETHEOLN, KL, BEHRESEOMEIEER LRI T 57912 DNP-OA RIE 1 B
200R D BCHTRERH 44T » 720 BURREBH 24T 5 72 B EE (B) & 03 BEE (D) O E O IgE Hifki
BEEILBT L L, 0 REMIZB VT, HUDNP IE bR OA IgE Hifh & 412, # DL nng
IO LN, MRleh-EEThoT,

4 £ B

B, 03 BBELAERBWICBTL7 LAF-THEIIDWTORENZD HhD, B,
ELEy MEBOT O3 DEMEEH 0A T A BIELRESEHE L, T/ Osebold 5V %,
Os BB LAy ZIC BV THRAERMEATERICE L EB|E L TWD, 8512 Gershwin 521,
Acrosol FURTREL, P00 2RELLY 20MIZEVT gE SHBIROSHHEHIZ % -
b~ Twns, CHEDHGE, O RE OBFHTOMMIZL-C, IgBEEENAELLS
EERTFELTVD, 4 d 0 2UEBETRABOKELELY, LA Laso4E0ERTIE Aero-
sol FURIC L NEEE SN 5 —B8M 0 [gE HifkmE4 13, 0.8ppm O @ 18R - 2800 - 4 BBEZF
Kbl s, Thbs 0 BRI O [oF HikEE 2 RE L ko2 (M 3), THIdEE
AN TIZMEY L720.8ppm O3 D 2B BRI L 5T, 1gG, 1gM HkiEEAHIH S nrosh
RE-FHTALOLELOR, O HANRE I~ Y 2 DM RIERE SIS M@ 2 2 ATRE
=¥ (F

—%, BEREEICL DEE SR~k gENMELRZ, O RBICL HEEIIMLES 82
o (E1 -H2), INGOHEE, 030 eE AEEIZRITTREL, Aerosol UBEPSE S
AUTHERShZBRIIHT 250 EEbhb, 17, BAMO O ERHCREONEOEENE
RS ETAZLIL D, MEORYAALEIL LTSN ELZOND, Chb0H L
NSENEREINE TORELOMIHEIELbDEEDbRS,
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E 512, 0.8ppm 03 DB RFEIZ X 5 Aerosol HiF OEEFETR 5 5 O IgE HUKRE 4 D iHI
% hapten-carrier 2% VTN L7z L 2 2, DNP-OA ORIEG 7 HAlIZ Aerosol CA %2$%5 L7
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Effects of Exposure to Ozone or Nitrogen Dioxide

on Cellular Immunity in Mice

BAFHM - AR M - ENERE - A E#
Hidekazu FUJIMAKI', Fujio SHIRAISHI", Tetsuo ASHIKAWA®
and Masataka MURAKAMI'

B 5

0.8ppm A /' > (Cg) B UM 4 ppm ZRE(LEE R (NOL) BB L D= A MR K OB HERY B 8
(DH) UG BT I oW TIEF L, 0.8ppn @3, 7T RUMHMBEZE TR T~TO
EHENT, WRBCENTHREEORTAAGRA, =7, 4ppm NO, DEE T,
HHMORE TR AL 6N, 3HE 7 AMAECIMRERICELIIAGh 2D
72o DH RUBIZ2WTH, 3~7 A0 O BB TNRIEEAED b, HFICTHEARET
EHELIRASA R, 2T LT, NO, BB TIRIZLAFEIAOR T, o1,
FIT, O REFIZL DL DH K OHHIBHERHAD 2, 0 BF 27 AOMREMF O T
MR B (Thy 1. 2 SR RIS DI AT L7z EOEE, 7 HI9SE THBO Thy 1.
2R OET A LN, MR TH 5k, 3ARU 7T HEBHETHRA L
2, T MRS & B MR (RWHRIES 07 BN ORFIIE L A P BREEL SR G
Ndrndze 0.8ppm Oy DFFEIL, 4ppm NOg (ZH) otk T MR THL - H
RET A THRCHLT, LofREIFRTILrELILN,

Abstract

To inverstigate the effect of ozone {(D3) or nitrogen dioxide {NO,) on delayed hypersen-
sitivity (DH) reaction, mice were exposed to 0.8ppm Oz or 4 ppm NO, for continuously 3
days, 7 days or 14 days and then sheep red blood cells (SRBC) were injected.

L. Blradafeir BEAEEE 7305 KRBT EE/NF)165 2
Basic Medical Seiences Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
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versity School of Medicine Nishishinbashi, Minato-ku, Tokyo 105, Japan.
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The weights of the thymus in O3 exposed mice decreased through all exposure perieds,
Though the decreased weight of thymus was also observed in 14 days exposure to NOy,
other periods of NO» exposure did not affect the weights of thymus.

O3 exposure suppressed the DH reaction in mice, particularly 7 days exposure to O;
significantly suppressed it. On the other hand, no effect of NO; exposure on DH reactions
was shown.

To estimate the suppression of DH reaction by Os exposure, the numbers of lympho-
cytes in thymus and blood of exposed mice were compared with those of control mice. It
was found that the decrease of the numbers of lymphocytes in both thymus and blood were
observed in 3 days and 7 days exposure to Oa The rate of T and B lymphoeytes in blood
of exposed mice was the same as that in blood of contro! mice.

These results suggest that 0.8ppm O exposure, compared with 4 ppm NC; exposure,
affects the numbers and the function of lymphocytes, especially T lymphocytes.

1 Ui

INFCIIIL I, 47 (03) P TRELRE (NOo) RO BHERE D —>Th ISR
A LT RO S L EEREE LYY, 8512, 0.8ppm 0 OEMIREICL 5T, T MR
SR T H 5 EARIMEK (SRBC) 120 T+ B AR £ ZME 3 245, T ARIFEEETECH S
Dinitrophenol (DNP) -Ficoll 12333 BREA T I2IZ L A LB RIZE 2w 4R LAY, $1,
Oz BE SN+ A0 IgE PFiREEA TG S, FOBBHHO7-DIC, hapten-carrier H % Fv
FEBEToEIA, BEIKRLY THRADEBIIE LI LERVWELEY,

FIC, SEG, REBEOCPTHEERS S FCEELRRHE S oMBRERIEICREIT O R
NO; REOFHBIZOWTHRE LS.

2 B &k
2.1 EBREBYD.
2~3DHBOBBALB/c v A AARF+— LA A—R) L WEBALTHER L

2.2 O3 RUNO: 28
T A0, 8ppm O3 HH VT 4.0ppm NG, % 3 H, 7 HRUMAMEREE L. 03 RIUFNQ:
Dv Y ANDEERMR, BHY Yo T o7

2. 3 BHEBE (Delayed hypersensitivity; DH) REDRIE

ARG ERIED—>Td % DH KIEOME X, Mitsuoka b8 OFETIT 272, T4bL, HE
SRRC(1 X10% <™ A) % BRBEEISHIEL, 4 BERICHEEEC 1 X10%/20 u1/= % 20 SRBC % i
U7, xR E LT, ERBEFROAEFREIEAK L HE L7, 24BFH&IC T — 7 VB T CRE& L,
EAEOREENE S % 54w hd — 3 (Peacock G. Ozaki Seisakusho, Tokyo) THIE L, £D7E4% DH
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2.4 UNEORM

MRpMI R, e AL NEROBLARBREAT L LAA v P2 FB@LT/NTNTIIL
100~150g T5 ~ 1055 05E(AREIC L W 2 ~ 3HEIFHR LS DT B,

mrre Yy »3EkiE, = ZAOLEE DRI L7 1 ml OMFK% 3 ml DBalanced salt solution (BSS)
LRE L, F1% 3ml DFicoli-paque {Pharmacia) (2R |, 400g T30~4055.0 L, oML
1) v 3ERIE % 3 [ BSS THELLEH L THW

2.5 T#iE, BHIRORE

Az~ 7z Y & FiC, FITC i~ A Thy 1. 25L& & FITC $EHkiT< 7 A 1gG i
3% (LIS & 4 Miles-Yeda LTDTHEA) # HWAEEEIL X 20 EHAET THBE(Thy 1. 2
MptEdifa) & B MR (F1E 1eG FBTEMIRE) DRE 1T - 72

3. 8 R

3.1 O:RUNO BREBIZLIMBREROER

77 A120.8ppm 03 3 5\ H4.0ppm NO; DEERFEE 3, 7 RUCMBMITY, BRI A%
EBfL, WREELNEL:., TO4%, 088 THE, 220N +E L THBREZOERT A5H
ST, —F, NOBRETH, WHERTETAALNS, 30, 7TREETRLE VRILER
oMo/ (1), 4ppm NOz RFEITHA0. 8ppm O3 REOHRERDET A Lo

3.2 O:RBILLDDHREANDOEE

0.8ppm O3 % 1, 3, 7 RUMBAMERFNERE, FURLHIEL TDH RIE~DFEE FFH,
FUIGRT LK, 7THRETCHES DH IEOMH GTREO3% ) HAbN, 1H, 30ME
BTLHMIBROT%, 75% MHBERAIED LN, WAMRECRHIEILAEEZEALO 2D
720

3.2 NOBRICLD DHRIEADEE

TR 4ppm NOx % 3 H, 7T BMUMAHREEE L, FEEMELTCDH KB E#H~<, TO5F
BOWTHORERECTL DHEGIEELWELIZALONE D 7, 7T ARFIAOMBERTE, W
BICh~BERTIEOEMNALN(#2),

3.4 O:;REORIRSMADO T HEAREFTEHE
0.8pm Oz ¥ 3ARU 7T HREEZE LT, WIRXMH > Thy 1. 2 iEBEHRORFOEHIZD
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Fig. 1 Effects of O3 and NO; on thymus weight

# 1 ~72A®DHKGIZEIET0.8ppm O3 BBHEE
Tabte 1 Effects of 0.8ppm O3 exposure on DH reaction in mice

Expasure Footpad swelling {0.01mm)? No. of mice
(day) controt exposed

1 40.3+3.8 35.242.8(87)° 8

3 48.014.9 35.8%£2.8(75) 7

7 41.813.7 26.5+5.0* (63) 7

14 31.0x2.3 30.2+2.4(97) 10

* p<0.05 (Student's t-test)
* Each vajue is expressed as mean £ SE of seven to ten mice.
® Percent to control value,

WTRELSE, IORFTHREDWEETHEOMMER, WESHE ERBICELS L. Thy
1. 2 RO, 3 BARETH, BEAZENALILVY, 7HEEBE TR L
TWaOFREOLNI (F3). R4ITH, BEBMP L HVENS R 2B L, 2000
Thy 1. 2 LR (T #152) & EmRE s o 7)) L HiEdkE B Ml otk e R L4, O
DD 3SARYT AMBETHIROBEE LFFICRL L T 308BH R, L LEs
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# 2 v AODH B RIZTT 4 ppm NO: REOEY
Table 2 Effects of 4,0ppm NO: exposure on DH reaction in mice

Exposure Footpad swelling {0.0lmm)*® No. of mice
(day) control exposed

3 48.0%+4.9 45.5+5.2(99)° 7

7 41.8+3.7 50.2+5.1(120) 7

14 36.0+2.0 43.0+6.3(119) 5

* Each value represents mean + SE of five or seven mice.
* Percent to control value.

* 3 IR EITT0.8ppm Oy RFOREE
Table 3 Effects of 0.8ppm Q3 exposure on thymus®

Qs exposure for

3 days 7 days
Wt. of thymus 57.842.9% 30.7+5.1
No. of thymus cells 45.9+£4.5 i1.1£6.3
Thy 1.2 positive cells 96.4+2.6 74.4+2.3

¢ Each result represents mean X SE of six mice.
* Percent to control value.

% 4 O:BREIZLLmAp) v 3R EEAOES

Table 4 Changes of lymphocyte subpopulations in blood of O3 exposed mice

Qs exposure for
3 days 7 days
control exposed control exposed

No. of lymphooytes
(X10*/mt of blood} 76.7+4.3° 26.3+3.4% 77.0£3.5 46.0x8.0
T—B lymphocyte

proportion
T cell (%) 75+3 B0+3 7042 63110
B cell{%) 25+3 2043 312 37110

? Each value is expressed as mean £ SE of six mice.
* p<0,01 (Student's t-test)
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T, 0.8ppm O; DEHBRZF LV 20ORBEEFIEA L, DHE M s b 2
EHFHONER S, —F, FRICHS, 4ppm NO: DRE R, WR~DEHRZ % {, DH K
KRS LREHEIED L, o7z, NO REOMBELCRIITEEII DV TRV DhodiiEs
HY, BECEEHAMOENI LY REESEOWNHS 5V TEIMEEINTVEYY, Fridd
ppm NO; 7314 B B &% CHL SRBC S EA 1212 L A VEBFA G Loz 2 & %ﬁﬁa{’ LTwa
CREE) . ThOOHREDS, 4ppm NO, OEHRESE CHROELE~OEEI LW EHEL
5% (I

AT, HA20.8ppm O3 BHEIZ L o€, THIRIEFEOIBICHT HHMEE 2 906 L,
FEWAE OV T BIBEEI RS E NV BEBFALNL W EERELTaAY, LaLsl
DRERT, WEOERE, M@ L, THRFEELE S 4 28kt RiE0 b o DH KG9
WEIb AR EdS, 0.8ppm Oy, VY SEROPORMME b THICL hiWHELY
ZBIEDPRRENT, MK REIZE, DH USRS & REE5E, B LEMI I3 A3
WG, MEERGLEFETN, ZThooliEild O RENEEFRITT LA, &
IR IT DV T, Coffin 5% 4%0.3~1.0ppm O3 @ 3BBEEICL ) v H Fofifa~ s 1
7 r—VOEABDIET, %7 Goldstein 5% A% Staphylococcus aureus 447 2 ppm O3 0 4 B A5
BL W ORBEERONMMTRELTnd, iy, BlEvr0 77— U0 latex HHELHTO
BREIFAIA0.1~0.8ppm O3 BEC L D AE LA &V IBE L H 0%V, MZ BT 2 BEHBI G
T5 0. REOHEL, BEEE, RENE, Baiiogn it 1 EE8+ L E8bA,

Aranyi 542, 5h/d, 5d/wk DI103EM 0. 1ppm 03 BEIZL D, BERICL B lipopolysac-
charide (LPS) 123§ B G LRIEIZEIT & A LBEDFA LN 7245, T HIO phytohemagglu-
tinin %* Concanavalin A {23t 9 B a5 LRI S W2 Z 2 BHE M2 L,

SEOMEL ZNETTD2, 3OHE VAL 0 BB IIHT IREHIIONT, KOS
THEFOWEORLLERICL - T, EXFLANLZEMRBEESN, 5, TORBENEFLEND
BREDR LB L ROMRER~O Oy DIfERIIC L 504, #HBEN~OERICILZON, Ly
WEtHhEE b,
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The Effects of in vivo Exposure to Nitrogen Dioxide, Ozone, and
their Combined Gases on Frequencies of Sister Chromatid Exchanges

in Peripheral Blood Lymphocytes of Rats
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3 FARMAY) RO B H AT (SCE) D OMET 21T, TR E
(NOg), /7 (05), RUFNLOWASF 2G5 » MEKHM) > /3RO SCE FHEII RIT

WEBIIDWTHRHET o7 7 v MWL v/ 8RO SCE 571118, RPMILG40R: i
5.0mi {2 EMO04dm: A 5B I 7 0% HvybZ L L, Concanavalin A & 2 -Mercap-
toethanol %ﬂﬂﬁﬁ}ﬁﬂﬁi%ﬁ%%b\liﬁmlm EFTAHIEIZED, BHIZL, bpoEEl T
TAAEIN Tt

in vive (2B 1T A SCE FERFBROEMLE & L TH V7 Cyclophosphamide 1, ZUEWE
AIEH T o FRMMY /S EROKEIE SCESEF FEICHINE 47, NO24.0ppm, O
0.2ppm, ©O30.2ppm+NO;1.2ppm, J1F 0 0.2ppm~+NO, 4.0ppm & 4 EE O H 2 iz o0
T, WEHRELAE, 8H, BUL2M) 247w, 7o RO » /33RO SCE HE % H
~f b B, S SCESEIIMBE (i RE) L oM HELEERb O s o7,
—4, Mitomycin C {2 & 5355 SCE i3 040.2ppm @ 8 A £ 128, 03 0.2ppm+ NO;,
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4.0ppm DIZEOHETHE L OH THELENAED G, SO L0 HDVIEE
ODEESH ADREHNT v PRI >~ /3RO SCE BRAICHT IR EEHL LS 2
ARG BED AT IEZRETHLOTH L,

Abstract

The studies were made on the experimental method for sister chormatid exchange

{SCE) analysis in peripheral blood lymphocytes of rats, and the effects of it vive expo-

sure to nitrogen dioxide (NQs). ozone (Qj), and their combined gases on frequencies of
SCE in preipheral blood lymphocytes of rats.

It was found that SCEs in peripheral blocd lymphocytes of rats were analyzed easily
and stably by the micro method which we added 0.4m! of heparinized whole blood to the 5
mi of RPMI1640 medium containing 2 -mercaptoethanol (10 # M), and concanavalin A (20
zg/ml) as a mitogen. Cyclophosphamide which was used as a positive control in the in
vivo experiment of SCE induction, caused a dose-dependent increase in baseline SCE fre-
quencies following 1.8 to 7.2mg/kgb.w. of intratracheal injection. In exposure to NO,
4.0ppm, Oz ¢.2ppm, O3 0.2ppm + NQ; 1.2ppm, and O3 0.2ppm + NQ. 4.0ppm from 4
weeks to 12 weeks, no significant increase in basetine SCE frequencies was found in all the
exposed groups. On the other hand, significant increase of the mitomycin C-induced SCEs
in exposed groups to O3 0.2ppm for 8 weeks and 12 weeks, and Qs 0.2ppm +NQz 4.0ppm
for 12 weeks, compared with control were found. These results suggest that in vive expo-
sure to Og, or its combined gases caused cytogenetic effects that raise the sensitivity of
blood lymphoeytes of rats to the SCE inducers treated in vitrs.

1 BUsic

Ttk e € 471 3038 (sister chromatid exchange; SCE) (33 fafk DNA B EO B LIBETH Y, @
2, AMEMRIZE TSR /33K SCE SHir i3 HERBERTF 0 L 2 A EEEOe M E
=FNFRELTECHAVSRTWA?Y, ERERETORE L KM ¥ 78O SCE 547 T
WRTLFEE LT, FHMY v R oRBRENIC K TERICRNTE 22 &, £REH
PRRLTCVAI L, SREYEIE LKLY Go ) 0Mila T s kb hhiTonTunay,
LA LZed™s, EBRE, f5itk4 2BMRBCARAINTHET y F TORMMY) > /2RO
SCE BFRIIEMIM ) > EROBEFPHE THL-DITIFEAERALR LD 572,

B % 5T, Kligerman 53, 7 v FE#IL T > 7B T SCE SHFHEICO L THRE 21TV,
FOBREREHOCIFL I F3H L FRRVATLVFE K EDFTZMEDS » F~DRAE
FIZEDT o PR ¥ R TOMBBENREEOREZRATHEYY, LaLass, #%
OBRERES o AL EN LM EETLIC) CEREHECRET ALY, M hoBME
BEFLEETE, #2C, fi4ild, B0V TV EERTLLEMNL, TEAIITHE|CE
FEHTABFEL L TEERCELBOSNERTNT50HY5 I 7 0ikill b5 » PR ~
IERD SCE BT CE DREROKRH 2T o7, TLTEORERTH VT, KEAFAWHOR
ABELE Ty FDOHRIZEETERM) > 2SBRO SCE PWIZLVRAD &L,




HARBEE T o Ik dfn 5 kT RSHIE

e 20 HABKEHELEWE L LTH O T 5 TEBLEE (NOo) RIFA v v (05) 0B REMD
AVITHREERERE, £ 0B RFERICIDBF SN TSN, WMILEMHKE V72 in vie-
0 ORFTRBUOBEF SR L LHTWEYD, Lo Lass, EBBWERAVBARSEICL
% in vive DEERFRITB VTR, EWM Y B COMBLEZIE S £ v TERIEOH®
%ﬁ%lﬂg' 14.15)0

AL T, NOy 05 RUEZROLOEESFAIIIOWT 4B, S1ZEE RENERES » g
LT, EMM IR TOMBRIEHEEORFELT SCEREICL VIRF 2RO THRET 5,

2 EBHMERUFE

2.1 B %

TATOEE Wistar BT » F () OEBI0GEASLIERFER L. FAREERIIB T
REMES, SPF LALTET L,

2, 2 RORUIERA

FMMIX, 7 M- TUREBETIEED Lz, RESBS X DERIICELL, ~/ YT
BERERGIE L CHP MR £ TRIR TR L 20

FIIM ) > /SEROILEE SCE 3 # MET A7260102, Hlo» RPMIL640 #E (Flow Lab. ) I R8s
A B IRAT 15%, HEPES 10mM, L-Glutamine 20 # M, Penicillin 50IU/mi, Streptomycin 50meg/ml,
5 ~-Bromodeoxyuridine (BUdR) 20 p M iZ 4 B L WM LB w2 R L, T/ invibo TO
SCE A SHIRINC L B3R SCE M+ HFET 54012, & 512 Mitomycin C(MMC) & B#REEA*
3.3%107 M 24 D X IR L R 2 68 L7z, MISHHA5m HOBHE 75 A F » 7 RIK
OB Smi 30495 L, 0.4ml O & & EERIZHEML 2.

2, 3 HHRSRSFRHY

FAHIM ) > 7 SER O T E B F (mitogen) & LT, Concanavalin A (Con A) & 2 -Mercaptoentha-
no{ 2ME) 3 #lAGHETHVWEZ L & L, BEOEER~ORETRMEIZOV-TEMM Y ~ /5K
DB B UG R P MR o MBS X ) RRET L7z,

Con Aid5 pg/mt 520 ng/ml D 3EMEDWAEIZDWT, 2ME i10pM L20 M DREEIZD
WTEBREFT o7,

2,4 & B

FERT I &M O mitogen FIRMU758E0E % L B L2, RBEEENFMISISILTT,
ITPCH COz A ¥ 2~ F— TASEFRIER 24T, MRSEBH L MPICEMAT 52612 Col-
cemid (BAGBEEO.2 M) 2RINL T, 2512, SEMERTT /. &8, V7~ ORIEOHR
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Ktk ROFOFRMMmM Y X353 0.075M O KO Bl TR L, A4/ — L FERE(3
LTI EORERBE LT, PEOEBHCHRIPERE LT, £02420wL3#HEAT
A FFIREE by P 7L — b (80°C) BT EITY, B fbiERE L 25, EBRlED
BT XTERSHANE, MmN FOEREN Yy PEhAf I8R5 7 (E%,
FLRAOY-FII/M) D & & T1T 5 720 SCE 547 0 7230 D e o R M D G 1t Goto & P B L 7:
Fluorescence-Plus-Giemsa B2 & W T 720

2.6 SCEEEEORE

SCE #HEE I FEAABRMER (X 1.00085) # B¢, 1H > 7Nz &MY £ 912 SCEV T X 525
8> 2 Bl R P HHR ML 7 D OFIRE L LTKR®, invitro T SCE FRH RN L% o
Jo I ALEE 9D SCE i FE % 35 SCE (Baseline SCE), SCE ARFI N MMC i L TH 67/ SCE
JE % 6 SEIEE SCE #1898 U /2 fi % MMC #5%¢ SCE (MMC-induced SCE) & L THE L 72,

2. 7 Cyclophosphamide HEREHRBEEII L 5 SCEBRER

in vivo EERIZBITSH SCEFRAN L LT L CHWS NS Cyclophosphamide (CP) = R & 2% 5
L. 7 v FRRM) > 735KD SCE B RO L T o 720 £BAEAKITE, LA CP ERV b
NN ES =t b )7 AEOREPIESIC L VKBS L7227 v P OSFEMNIZ, 1.8me/kegBW,
3.6mg/kgBW, BUT7.2mg/kgBW @ 3BEBOEICDOWTIES L1z, #5556, 24000 B (3440 1%
BL, BER{Tole TLT, FRFROKSEIIDWVTIE SCE & MMC 3% SCE O## 1T -
A

2. 8 NO ¥, OB, RUO;+NO, HAHANRR

SENFEFr U -FHOT, HHTEREZICL LI, NOp 4.0ppm HIMEEE, O;
0.2ppm BEMEERE, 030.2ppm+NO;z 1.2ppm FFEERE, K T0;0.2ppm+NO2 4, 0ppm RFIEIZOW
T, 6% & LT48, 88, RUIZHDBMMIZOVTRE L. REH, HohIIEMN%
HREL, EFETITV, HESCE ¥ MMC 8 SCE ORFEFTT -7

3 £ 8

3.1 ConA&ZMEQHRICES Ty bRIBMY > NEOHELR

Con AL ZME OMAEHLYIZL ST » FEMMY ¥ 7SRO EELH 1R L, SFEkE
i3, EBR XA Con A HDHVIT 2ME OREICKTE LM ER LA, Sz b 5958
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Fig. 1 Effects of Con A and 2 ME concentrations on blast transformation of peripheral
blood lymphocytes of rats

PRI O ERIE Con A DIBEA20pug/ml DL E, ZME DBREIN0xM OHGEL20 M DIGE
ETIITEASERBH ORGP0, T, ASBERIREE & 5 B9 Coleemid OLEIFHE TH 5
o 2 A5 P OSSP MR R LA LDy VTR EZR LI,
FIT, Ty FEMNM) RO SCE 20T A 76O mitogen & LT, RARREEA Con A20 4
g/ml, 2ME 10pM 2% 5 X ) IR RE L TUTOERTIT - 72,

3.2 Sy hEIBOY > ABROEE SCEHEORN

B E LT LS o F2AL» SRS RAEMM ) &3k (6004IR) DFJE SCE DD %
B2 2R LI, 258 SCE HiEOFHERS. 07/l %R L, FIFFEE*ELL THIUROSME
RL72A, FARICGERERRERS R ed o,

3.3 CPOREBENRSICLBFKI[MY - /\EkD SCERE

CP DEEPHESIZE A5 » FEMIMY >/ EROILIE SCE R MMC FR SCE ¢ & 1IZm L7,
A A RS Lo BEEOE SCE K 39,63/ 2R LA LT, CP &S LLH
TS BT L - IR0 bh, BEESRO7.2mg/ke BW BT B O2. 6154
L7z —F, MMC 5% SCE R BER L M THEL BB Sk -7,
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Fig. 2 Distribution of baseline SCE frequencies in peripheral blood lymphocytes of

non-treated rats

£ 1 Cyclophosphamide @EERHXGIZL ST » PEMMMY >/ ERD SCE 3B
~OF

Table 1 The effect of cyclophosphamide on SCE frequencies in peripheral blood lympho-
cytes of rats by intratracheal injection

Dose SCEs/cell*
Baseline SCEs Net induction MMC - induced SCEs® Net induction
Control 9 .6310.63 - 7.45t1.32 -
CP 1.8 mg/kgBW 15,134+1.51** 5.50 6.3220.43 —1.12
CP 3.6 mg/kgBW 19.88+1,12%** 10.25 3.9311.06 —3.94
CP 7.2 mg/kgBW 24.86+2.65"*™* 15,23 5.58+0.84 —1.87

* Each value is expressed as mean + SE of four rats, significant at **p<0.01 and

* ¥ ¥p<0.001 by Student's t-test, compared with contral value.

* MMC-induced SCEs is expressed as Value which subtract the corresponding baseline
SCEs frem the SCE frequencies treated in vitre by mitemycin C (3.3X1075).

3.4 HABRBICLZFMBMY -/ B0 SCE SR

NOz 4.0ppm, O30.2ppm, O30.Z2ppm+NO21.2ppm, O30.2ppm+NQ;4.0ppm O RHEEE L At
DT v bEHM ) >/ FROEE SCE B U MMC #55 SCE O F 2 IR L1,

EESCEWE, €RENHEL4H, 8B, EUVRBOREHN B OHEELOBCHERE
WEH it e b, —7F, MMC 255 SCE i3, NO»4.0ppm BEHO 4 HEE THEEIIH~<T
HELRWAS, F70:0.2ppm BEHOSH L1228, 030.2ppm+NO: 4.0ppm BEHOIEARE
TENFNOHBEI A THERMINAED 5,
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Table 2  The effects of in vivo exposure to NOg, Oa, and their combined gases on SCE fre-

quencies in peripheral blood lymphocytes of rats

Exposure

SCEs/cell?

Baseline SCEs

MMC - induced SCEs

Exposure for 4 weeks
Control
NQ:z 4.0ppm
03 0.2ppm
0z 0.2ppm+NO:z 1.2ppm
0z 0.2ppm+NQ: 4.0ppm

Exposure for 8 weeks
Control
NOz 4.0ppm
03 0, 2ppm
Cs 0.2ppm+NO2 1.2ppm
03 0.2ppm+NO: 4.0ppm

Exposure for 12 weeks
Control
NQ: 4.0ppm
Oa 0.2ppm
0z 0.02ppm+NO: 1.2ppm
03 0. 2ppm+NQ: 4.0ppm

9.70+0.44
10.1640.26
9.79+0.21
9.6010.54
10.271+0.60

8.77+0.25
8.99+0.22
8.73+0.23
8.95+0.31
8.3510.28

9.51+0.20
9.87+0.33
9.36+0.20
9.61+0.39
9.8440.38

14.15+1.60
9.43£1.24%
14.78%1.11
15,36+1.16
15.58+0.95

8.16+0.50
6.5810.49
10.64+0.46™*
7.37x0.51
8.53+1.20

13.50£0.92
13.63+0.76
17.03+1.36*
13.7240.75
17.65+£0 58**

“ Each value is expressed as mean + SE of six rats, significant at *p<0.05 and
**p<0.01 by Student's t-test, compared with corresponding control value.

4 % B
Taid, 7o FERMMY 23RO SCE 25+ HHESL LT, HBROMEICERFTELI 2
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GHTELRFREHEL 7, BEERTIE, Con A #20g/mi, ZME %10 2M OFEREIZH% L
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SCE 34T L [FIH, HEMESIZ SCEREOMEATIRE o7, ZREAOFEERIFLEC A
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EHEZy bELES MORESCEHELIEL, 20oREFHGTRELLCL IS, EHE
38.97/Mifa X AR L, ZITFHMBOME LTS L LIRS 275 U7sAs, @ SCEMEOR T
BAa@noh, TEEIROORE o7, T FARMIM ) /3RO SCE HE 1L, #HEH+H
O BUAR OREOE NS5 o FOREEDIZL D, IR ZESWMESN TS, T, FHE
M) SR A G L TERLASEIILRKSCEHETG UL I FmohTnd, FE
ERCB o Wistar 7 » FTO8.97/Hil DL SCE M 4 BUAR OB HE D&Yy, mitogen DiEV:
HEH B, Kligerman 5%% OFischer-3445 o b TH7.5459.5/#BILE SCE 4 % Dear-
field &' @ Fischer-344 7 » kT 10.8374*511.91/#003, Sprague-Dawley 7 » b TDT.624 5
9.05/MfE DK SCE BUE L B L7230 E, IIFHEORMICH B LR B, —F, FAlHD
WECEESER R oMY, & SCEHEMRAEbohAIEIZLY, Carrano 5™ DRL
7oe b ORE SCEHEOSMEEU L Tnb Lz b,

EBREWO in vivo ERICB I AZEREMD 2 0 3MBEZEROBMIREE LTI (VSR
HCPIIDWT, 7 FPOFEWICRS L TUREZEOERMML) > /78RO SCE HIELRA~L L Z
%, K SCE HE SRS B IR LEERMAFEO G h, BREZSEDT7.2mg/kg BW D& &,
WRHEOZMEIZHML, Zhid, FIAIZSCEFRPEUSEKE L # - THICMA SRS T
b, RMMY L SFRICER L TSCEHERFERTLI LB TLLOTHL, —H, CPHRSE
Bz £ 5 MMC 58 SCE IR I3 SR LB L OMICERBRD O LD 572, invitro TOW D
O HALEWE BRI G SCEHEDOETIART L EEZHN TV, CPIRFERT MMC
FSSCEHEIEMED OG5 /-2 LIk, K SCEHEDMNMASE LA HIFR SCE HE
DEVHBENLOLEZ GRS,
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AL20.1ppm 25 10ppm D 4 BRREDIBIE 4 6 REEE L L, REBRFUEBINLEVEWD
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Different Incorporation Rates of Arachidonic Acid into Alkenylacyl,
Alkylacyl and Diacylethanolaminephosphoglyceride of Rat Erythrocytes™

WAER - = s
Kunimitsu KAYA! and Takashi MIURA!
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LB EOEEPIFERETH LWEE /A » ATRMERE ) > Ie B~ OB b A&k
TET A RO MIT A L ERAT,

Zy FRMBRBEL Y /AT I VRAKRT) 54 FEPG)FT7T Ny = A8160%, 7N
FNRIS BRI T INRB% RO TEN, EEA~OT F% F A EBORYD AL ME
ET N L RIRe, TR LRIBER Y T LV RI1360pmol/h per pmol EPG Th o 72,
CORNARFEEOECEHOGAIIT LD, FMBEI S 2R ) - ViENESH LD
BHhERLE s, VT INEETBRRNICGRTHAAR ) - E A PR Shi,
T N-CoA-D ) Y IRET NSy RAT735—-F¥H1-7TP V) JEPGC D 2R
BN AF AL LA, COTIN Py R 7o —FiEtikAm ) —¥ A, FHHEL
DAL NI EDE, EPCEEIF~DT FF FrBOR Y AHZEEDRGILTEAFY
N=¥ AOBREERMIII LD EEEINL,

ZORARYS—E A, DFE-RAIN T T AL+l s THIML A, HAFEM
BB S o/, T OER LA (BBAGBS, 305-315(1982)) &b H, BHERA 4
L BARMBRDOBRIBABOERO A H X b EE Lz,

Abstract

Rat erythrocyte ethanolaminephosphoglyceride (EPG) consists of 60% alkenylacyl, 5 %
alkylacyl and 35% diacy! types. The fatty acid at the 2 -position of these types is mainly
composed of arachidonic acid. When intact rat erythrocytes were incubated with

|, BESAEWES REERE 72305 KRESEISHEEE 168 2

Basic Medical Sciences Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
[baraki 305, Japan.

FE L DMED—BR L Biochim, Biophys. Acta, 796, 304-311{1984) I2RF L72L DO TH D,
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exogenous arachidonic acid, about 90% of the arachidonic acid incorporated into the EPG
fraction was found in the 2 -position of the diacyl type. The rates of incorporation of
arachidonic acid into alkenylacyl-, alkylacyl-and diacyl EPG were 78, 134 and 1360 pmol/h
per g mol of the corresponding EPG. respectively. The substrate specificities of
endogenous phospholipase Az and acyl-CoA: lysophospholipid acyltransferase were
observed. Diacyl EPG was hydrolysed rapidly by endogenous phospholipase Aj; while
alkenylacyl and alkylacyl EPG were poor substrates for the enzyme. The selective transfer
of arachidonic acid into the 2 -position of 1 -acyllysoEPG was observed. l-alkenyl-and I-
alky)-lysoEPG were also poor substrates for acyl-CoA: lysophospholipid acyltransferase.
The acyltransferase activities with the lysoEPG analogues were higher than the phospholi-
pase Az activities with EPG analogues. These results suggest that the different incorpora-
tion rates of arachidonic acid into alkenylacyl-, alkylacyl-and diacylEPG are based on the
substrate specificity of endogenous phospholipase A,

The activity of phospholipase A; was increased by calcium ion, while the substrate
specificity was unaffected. From these results and our previous results {BBA 688, 305-315
(1982)1, the stimulation mechanism of fatty acid metabolism in rat erythrocyte by nitrate
ion, was posiulated.
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Table 1 Class composition of ethanolamin, choline and serine phosphoglycerides of rat
erythrocyte membranes
Class compositions of phosphoglycerides were determined as described under Materials and
Methods. The mean percentages &= SD were taken {rom three different samples.
Ethanolamine Chotine Serine
phosphoglycerides phosphoglycerides phosphoglycerides
Class (mol %) {mol %) (mol %)
Alkenylacyl 59.711.0 4.240.8 2.1x0.4
Alylacyl 5.510.8 4,1x0.5 4.4x1.3
Diacyl 34.810.6 91.7£0.7 93.5%0.9
#F 2 5 -ATIVRART) T A FORIBEHAK
Table 2 Fatty acid composition of ethanolamine phosphoglycerides of rat erythrocyte
membranes
Fatty acids were analysed as the methylesters. To determine the positional distribution of
the fatty acids in diacyl compounds, snake venom phopholipase A, was used as described in
Materials and Methods. The mean percentages {weight %) T SD were taken from diffe-
rent samples (= 6 ). Fatty acids are designated by number of carben atoms: number of
dovble bouns,
Class
Alkenylacyl Alkylacyl Diacyl
Fatty
acids positon 2 2 1 2
16:0 34.6+0.7 11.8£1.0 53.2£1.6 7.5+0.5
17:0 2.5+0.6 2,51+0.3 1.61+0.1 0.7+0.1
180 1.610.1 1.8+0.2 9.5+1.3 4,7£0.5
181 0.8x0.1 3.3+0.3 22,9£1.2 17.2+0.4
18:2 0.6+0.2 3.3x£0.7 5.1xt0.4 13.2+0.3
18:3 - 6.1+3.0 - -
204 37.7x0.6 56.711.5 7.811.2 49.61+0.8
20:5 0.5+0.1 - - 0.6%0.1
224 6.2%+0.9 3.84+0.2 - 2.1+0.4
22:5 8.0+0.7 5.7+£0.8 - 1.1£0.6
22:6 6.440.4 5.51£0.6 - 3.3£0.2

B37.7%, 7TAFNESE. T RUTVTINBITLO.6% TH o7, AEHIBHEOS ST VY =N
BC60.2%, TAXNBIT.4%, PT7NBO 15 T35.8%, YT NBIG25T87.1%Th b,

TN WRIThhdhsTz,

FMERC20: 4 2WMYATEDHE, EPGIE DA TRA20: 4 OR0% XY 7 2 VB B
AR (F3). EHT~D20 0 AOHYAALEE T Uy VBB, T FLHI3, T LR
1360pmol/h per pmol EPG Th o7z TN ZNEAOH N ALEETL.0E LAEE, TLEL
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Table 3 Distribution of [*H] arachidonic acid incorporated into EPG
Intact erythrocytes were incubated with [*H] arachidonic acid at 37°C for 1 h. Distribu-

tion and incorportion rates of [PE] arachidonic acid were determined as described under
Materials and Methods. The mean percentages £ SD were taken from six different samples.

[SH] Arachidonic acid [ncorporation rate
Class (mo} %) {pmol/h per umol EPG)
Alkenylacyl 8.8+1.1 89 {1.0)
Alkylacyl 1.4+0.2 134 1.7
Diacyl 89.8+0.9 1360 17.4

.7, Y7 VENNT AR Th o7,

FIERIZIEY) I E R OIGHERED de nove BHGRAT RV &405, 201 4 DMLY AL EREDE
HARAFYN—F, 7 I A7 - PORERREBILLLLDEEZ NS, £
T, HMIREIC R Ak ) 2 EEN RS LD D LTS 2B, 1 -palmitoyl- 2 - [1-1%C]
arachidonyl EPG # BB & L& pH i0B1F 5 [(MC1-20: 4 D% W~/ & 2 A, pHB.STHEAD
BEEESTLE @A) £/, 1mM I A7 208D L - O mL 7z, Mcl20: 4
OEHERARMIFEESGZ AL TS Z EhG, ARMERMEZ & pH8.5 v-optimum pH % -0 7k

) (5]

dpm(x10%) Img protein

U4CI-ARACHIDONIC ACID HYDROLYSED

B 1 FROZEBIOV 2 X 2 1 -palmitoyt- 2 - [1-"C] arachidonyl EFG 53## ) pH 4K
i

Fig. 1 pH optima for the hydrolysis of 1 -palmitoyl- 2 - [1 24¢] arachidonyl EPG by
inside-out vesicles (IOV) of rat erythrocyte membranes .
Activities were assayed with 1 mM CaClz; (0) or 1 mM EDTA (0) in 0.1M buffer.
Reactions at pH 4.5- 6 were in sodium acetate/acetic acid buffers and those at 7-9 were

in Tris-HCl buffers. Incubation were for 2 h. Results are expressed as averages of tripi-
cate determinations withe standard deviations less than 10%.
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2RI Ay BT AL B L CORRF Y= A, OILEEESTH~L0
i2, FRIERC (PHI120 0 4 2§92 4T 1 -radyl- 2 - [*H] arachidonyl EPG (°H ®98% % 2 i~ BL Y
RENB) FHABL, SHERELE LTIOV E37°CIEHMIA v %2 x— ML, £REEHEOE
B D B ORISR RO (#F4), 6B > % 28— 3 > T60.2nmol DEED S B
3.0mmol BGRENS, LLOEEOBRMICHE LT, SRIARSEEOHEEIREL( BT
o Tabh, b EOREOHBNP TN r ZVH59.9%, 7FLME 1% RFDT L ILEE.0%
THLOIMN LT, THINALEEOMBIZ TV = ARN0.2%, TUELEQ. 9% RV T L
RIBB.9% THh otz Ty WHOGEEEL1.0E LGS, 743081, Y72 ER
1508 TH o/ MRESNAEEOHMMIERAOBERYV pHIZL - TEBH LE D o7

TLUNW-CoA: NVVHEAKRIERT YA IGF Y A7 25— VOEERESLHA~L-HIZ, IOV
12 PH120 ¢ 4 -CoA BUF1 -radyl-Lyso EPG (7 L4 = VEIG0. 1%, T L& nR4.9%, Y7 LI
35.0%) &M THERTUWTMA Y Fa—F Lo FESIWRLALLIW, TAFIEENELY
DIFEALRTTUNBTH 12, 10VIZ[PHIZ © 4 -CoA ¥ IMZT37°C, 2BEMA > F 2~}
PH7 AT B E, ) YIERMBICAED H ARE SR, ) CIRERRI sk ho o,
INZERRAR YN A DER LT INE T v A7 2 7 —HERITRVWIEETTLOL
Zibhb,

PAlEF o PRIRDOF AR ) S—F A, RET IV FT AT 27— CORARERTRANCE
o, WA A LIl E o TI MO BEDEREFENVEE LT hESLERL2HIZ, 1M
WEET PU S LLPHIZO L 4 2R v FANR—T s v AV AP THROTFREAS Y F - P L,

*® 4 F v FHRIMEROFAKRY 25— Ay 12 L 5 1radyl-2-[PH] arachidonyl EPG
KSR

Table 4 Hydrolysis of 1radyl-2- [*H] arachidonyl EPG by phospholipase Az inratery-
throcytemembranes
Inside-out vesicles (2,Cmg of protein) were incubated at pHB.0 with 1 -radyl- 2 - [*H]
arachidonyl EPG {(60.187nmoi} at 37°C for 16h. Ciass composition of hydrolysed substrate
was determind as described in Materialis and Methods., Values are averages of three repi-
cate experiments. Total amount of hydrolysed substrate is expressed as mean & SD. /16 h
pet 2.0 mg protein of three replicate experriments. Class compesition is given as mol%,
values for radioactivity are dpm (+107% and total are nmo! and dpm (X107 %, respec-

tively.
Original substrate Hydrolysed substrate
Control Phyospholipase A:
. o YOSPROEPRSE S (¢ / (a) - (B)
Class Ciass radioactivity Class radioactivity Class radioactivity
Composition  {A) composition (B} composition  (C}
Alkenylacyl 58.9 33.54 18.5 0.04 1¢.2 0.33 0.99 - 107%(1.0)
Alkylacy 5.1 5.56 4.7 0.02 0.9 0.06 1.08-107%(1.1)
Diacyl 35.0 384.06 76.8 3.27 88.9 56.59  14.86 - 1072(15.0)
Taotal 60.187 423.16 0.233+0,024 3.33 3.487%0.151 56.98 -
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Table 5 Class composition of esteriflied substrale by acyl-Co A: lysophospholipid acyl-
transferase of rat erythrocyte membranes
IOV (1.0mg) were incubated with 1-radly lyso EPG {(712.8nmol}, [*H] arachidonyl-Co
A (432amol), and 0.5m! of G.1 M Tris buffer (pH7.4) at room temperature for 40 min.
Class composition of esterified substrate was determined as described under Materials and
Mothods. Values are mol percentages and are averages of three replicate experiments. Total

amount of esterified substrate is expressed as mean * SD/40 min per mg protein of three '
replicate experiments.

(A) (B)
Class Original substrate  Esterified substrate (B)/ (A}

{mol %) (mol %)
Alkenylacyl 60.1 1.1 0.018  {1.0)
Alkylacyl 4.9 0.1 0.020 1.1
Diacyl 35.0 98.8 2.823 156.8
Total amount 712.8nmol 192.2+11. 2nmol

200 4 OHLYAAIIKATTTEEE A A4 > OB PR~ BoIRLALIE, Tz 8, v
FANBBREIT o NBIAG20 0 4 O AR EHEA 4 7 (1 mM) 2 X » T d 1458512588
Lize COOZ LK, WEEAF iCloTHRAFVA—C A RUFTINVINF 2725 -EORY
RSB L Do EERTONDEFEL 5NE, I/, EPGD3IMMIMVAENLHO
FEAT PU— L ERUETHATE WA 4 V10 L o TEREEDREEREITL &
Dol R EMATT VA,

4 £ K

v FEIMEKEPG 7FHE 7D | 4 WD AADEVOBETFHS M L7002, RMMER
Bk A ) 28— A, OWERRUIRHR R 2P, ARMERBEC kR AR ) 28— A, BTFEL,
TTUNBEPG ¥ BIRMICTBET A ERRLE, SOOI R, IO ANrYEon S RED
DL —F AL AT ARG LEENL T Al E2RTLOTHY, =—F LAY VIRY
ORSO>S EELEREF O L0 B b, -7 VE EPG SIEIEEOQIUD AMRID
HENES L TRV EWIFRIRFMIRIC BT T AR ) VIREE ST VED) Y IRE DR
| (BEE) DBVETRLTNA3DEEZ LD,

37, FMEEGOT—F R YREREY T VR SIEH 020 0 AU AHEE 4 LT
Lo THRIZALILER LI, COFRMCOREO—2E LT, WMRRAA X IZLBRAKT -
YA OIEHOMMAZ 2 bht, TR OBERGHBA S oax baEy 7PHRICE - TEE
EHRET A EVIFRDOBREEERT L LDTH D, M TORKE L ARHRTHEL RO
BRISR X k) 08— A, DBREBRMEL U2y A T MR OHES S, WEEA A X IZLBR




BHIBE = g

113 Alkenylocyl N0§
4l
3 c
2}
1 L
0 .

o 2

w Alkytacyl

= 0t

£ 8

o

Z4 6

[a]

2§ ¢

>E

z

Sg 0

5©

; 2

o

) % 30 a5 60
INCUBATION TIME (min)

B2 Sy lFMEBE7LIrzLB TALEALMBIFSF AR EPG ~AD
(1-*Cl20 : 4 DWY RAIZRITTHEET F ) 5 2 OB

Fig. 2  Effect of nitrate on incorporation of [1 -*C] arachidonic acid (20: 4) into
alkenylacyl-, alkylacyi- and diacyl EPG of erythrocyte membranes
Erythroeytes were incubated with 1.0mM sodium nitrate in an incubation medium sup-
plemented with 4 mM CaCl and [1-"C] 20: 4 (3.6uM/2.7uCi) complexed to bovine
serum albumin. NO3, -+ nitrate; C, - nitrate. Each point is mean of three samples and error
bars represent + S. D.
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Activation and Increment of Alveolar Macrophages

Induced by Nitrogen Dioxide™®
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foo SO LiE, 4ppm KO KIMERED NO, BRET 80 & FEROBIEIZ L - Til< 2
D77 =YLl emETsEEILRE,

Abstract

Male Wistar rats were exposed to 4 ppm nitrogen dioxide {NO,) for 10 days and at
intervals alveolar macrophages were collected by pulmonary lavage. A. metabolic enhance-
ment of alveolar macrophages was observed on the fourth day of exposure. The specific
activities of glucose-6-phosphate dehydrogenase and glutathione peroxidase of the peroxida-
tive metabolic pathway increased to 1.29- (p<0.001) and 1.17- (p<<0.05) fold these of
the control values, respectively. The specific activities of succinate-cytochrome ¢ reductase
of the mitochondrial respiratory system and pyruvate kinase of the glycolytic pathway also
increased to 1.17- (p<<0.01} and 1.20- (p<0,01) fold those of the control values, respec-
tively. In addition, the incorporation of *H-leucine and 14C-thyrnidine into alveolar mac-
rophages were elevated to 1.77- (p<C0.001) and 1.84-(p<<0.01) fold those of the control
values, respectively. The activities of all enzymes tested decreased to control levels by the
tenth day.

The number of alveolar macrophages collected from exposed animals increased to 1.24-
fold (p<C0.01) that of the control value on the seventh day and was maintined at a signifi-
cantly higher level until the tenth day. Alveolar macrophages were heterogeneous in size ( 7
-21 #m in diameter) and most of them were distributed between 11-17 g2m in diameter. Ex-
posures to 4 ppm NOg increased significantly the cells of 9 -13 # m in diameter on the
seventh day. A significant increase in the cell number also was observed at 1.2 and 4.0
ppm NO; after 3 months of exposure.

These results show that exposures to 4 ppm NO; cause a metabolic enhancement and
subsequent increase in alveolar macrophages.

1 BUsic

REN L RABEDEAOC—2>THD _BALRE(NO) 13, MOBRESIMEL, ¥ AKROBIC
BoTHBMRIBESS A5 EBMERTHED, Hili~er oy »— JEMBICHEEL, BT
W OBIRPURA L BER  BRELSETA I i L ) BAESATHRA CHRMT A 2 & 2w
THEY, £EFHOLLLBE RN H-TVD, ThET, 5ppm M EO NG EEIL AT
fileroy s - VOBRBERBURERIBELZID, 2LTELMOAVABETHHEA v
Y= 2Ok EETHRAVET T2 2 e ST va, LA LS, L hiERED
NO: BFEIZL AT 7 2 - PAOBBIIOWTRIZEA LIRS R TR,

HFE5" I NET2~10 ppm NOz BEIC L - CTHOME R R MR A OBEEASREBE
KA LTHINTAZ E2HORIIL, MBI A VF—REANO, BETRETL LY
T L, F77, MBI RS OBRIENoOMNE, $EEBAEE LE OB [ B



Bk~ ¥ 127 7 — YV OiEMEAL

EMROBBRUBR~ 07 7 - vommt > VoM S 3Iz—B LTV b, LA-T, B
ORI E 2 S 2 M O HRLATNO; WK L CEIGT 2720, HiEd L RTL vk
ERBmYTLERY ML TwA L LEZ S5NE, KR T, 4ppm NO: 100 BORZ LRI,
i< 7 7 -0 3N ¥—REROVEBALADBEEER S0 Z o OBEEFE L FIT
LTERL, #OH%RFEEMRTHLHEEHOMERRY ¥ 3 ROEMEEbTICv 077 -V ®
MR ATRIN 2 & L 2L LA,
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2.1 BBAHIRUEHORAN

6L —8 L& L/ Jel Wistar RHES » b (19~23H4)124.0 ppm NO; T 10A M EHEE L, B
BRI, v 2N LN Ty PRI L, FHREMAR L DA L7 #0.95% Bk THi % i
MUz, RICCOMEEDHE L, 35 ml D128 mM NaCl— 5mM KCI—2.5 mM 1) ¥ BB — 5
mM &7 — X —17 mM Hepes #R % # (pH7 . 4) (255K Hepes #0) THi & 35 L, MR o Rl
TV LA BN L 2B g i OB AR 12 25T Hepes B Cko 72tk MilR~sr o077 —
PEGEUTUTORBICRW .,

MR MEREENR D LT -y —A v —(7 ¢ DLEOKESOMBEFNT S L5
R CEHEI L7z, MBOAETFRE Y TNV —HRRBICE T LA LSS, TNTOER
DEFREBISBLET, RERLMBEOMIIZETEDLNLD 7,

AHBEEC & D& LR M 1, FOBREA L XL ¥ RE LER, 897% 00~
YU =Y, SEREEMBREEY v BE 2N FNE 1%, B2 B REN LR TH -7,

2. 2 BMFEEHOAE .

fig<ss0 7y - V@O —&%0.25 M E#E— 10 mM Tris-HCL & # — 0.5 mM EDTA
(pH7.4) B2 L Potter-Elvehjem ¥ 7 B > ik EV 2 F A HF—TREV 2 F A X L7z, FDk
EVLA—PERVTINIE-F UL cBUEBEEETAEL, STV 2 & — F%105,000X
g SOHEE L LB T W ThoBEFE e L,

INE-F PO - A BUBEREINY F4 0 =333 ¥—E (G iEMIE, +hEh
Sottocasa B '* B 1¥ Chiu 5™ OFEF M VIFCTHE Lz FIT—Z-6-Y YR AERE
(G6PDH) #1443 Lohr 'Y O F 124V 30°CTHIFE Lze ¥V E Y%+ — ¥ (PK) $H#Ei2 Gutman
50N iEE —HEE L, 100 mM Tris-HCH{pH7.4) — 2 mM sk A KL/ — V¥V ¥ > B —4mM
ADP—0.2mM 7 )L 7 b —A-1,6-¥ A E—0.13 mM NADH—100 mM KC1—10 mM MgCl—30
units/m/ FLERI K JeBESE O BE 0 % ATV C30°C Tl L7
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2.3 H-OIL L RUMC-F IV ORYALZORAE

2X10MEDMiE~ s 07 7 — Y% *H-1 4 2 (1 pCi/ml), M“C-3 ¥~ (50nCi/mi) R U10%
HR5B M % &t Eagle © MEM 553 4 mi 12885 L, 37°C 3.5BMI 5% CO TOKRE L 7o, BERER
FA4 vl Lizerasy — V%554 A7 2 CHEMD, Dulbecco @ PBS FHHl Tk -
ok, YrFL-F—ICEBB LTI AAL S RUMC B2l L/e Schmidt-Thannhauser-
Schneiderit ¥ % VT~ EE, Milw s 0y 7 - JVICBY A TNL CROHB0% I DNA
B HEEL .

3 & B

3.1 HR</O7 7~ OBEESHOEL

F 112 4ppm NO; IOBREIREIC L BMilR~ 7 u 7 v — ¥ ¢ GEPDH, GPx R IF PK {EHEDRERFZE{L
RR L7, B LABE TH S GEPDH RIF GPx iAthid, $E 4 BRI TR TIUFEED1. 295
<0.001) BIFLITHE (p<0.05) 12 L7z 3 by KD P ORI OSBRI 8MET
branrg-Frru-bc BRBEEHERFALCEE 4 BB ICHBE(5.911.5 ¢ mol
cytochrome ¢ reduced/min/g protein) M1, 175 (p<0.01) (ZHEM L 7= S & FAT L THEBER OHE
BEs b+ 5 PK B O MEEDL 2065 p<o.0) i m L7z, £ D Ao OBEGIE,
GO6PDH B3 2#% 7 H HIZWBHEOMIZK » -, GPDHEH X7 HE BB L Y HEICEWE
TR L7zA%, 108 BIZiduiBEOMEICR - 72,

# 1 4ppmNO IOHMEZIZMRE~sn 7y -V OXVI-2A-6-1) >
BB ERESE (G6PDH), Z A% Fih = ¥ 5 —F (CP)RUENLE
YR — X (PK) EH O

Table 1 Changes in the spectific activities of glucose-6-phosphate dehydrogenase

(G6PDH), glutathione peroxidase {GPx) and pyruvate kinase (PK) of alveo-
lar macrophages during 10-days exposure to 4 ppm NOg

Exposure Time Protein? E/C  G6PDH* E/C GPx® E/C PK"® E/C
1Day Cont 0.93%0.07 186+ 5 3641434 1950+ 110

Expe 0.90£0.15 0.97 1911 1.05 385+38 1.06 1780+ 80*  0.91
4Days Cont 0.92:10.12 199112 371128 1950 + 140

Expo 0.92£0.13 1.00 257+ 9%**1.20 436+46™ 1,17 2330+180** 1.20
7 Days Cont 0.94%0.14 192+17 385114 2020+110

Expo 1.03£0.11 1.10 228+ 9** 1.19 401+29 1.04 22404200 1.10
10 Days Cont  0.92%£0.0% 187+ 24 361161 1870+ 70

Expo 1.04%0.10 1.13 21Dx 6 1.12  393+24 1.09  2010+310 1.07

Values are expressd as mean £ SD (n=6).
°mg of supernatant protein/lung.

® pmole/min/g of supernatant protein.
0,05, **p<0.01, ***p<0.001.
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4 ppm NO; REIZL ZEBAH R U DNA DEBSHADEEL AL 0, H-1 A o o Bk -
FIVCESURBH TR~ 27 7 — VA3 0B L, MRENICEDATR: YCBOK
80% i3 DNA BIZMZFFE L7z E 2124 ppm NO I0OHFIREIC L 204 2 0 BRI 3V DEGAR
DRERFEILEIR Lz Mifdv 207y — VMY RAINRAHRUMCRI, RH4BBICE7H
ZRATIBEDL. 7745 (p<0.001) B OF1. 8485 (p< 0. 0D B L8 L7e #0% °H R UFYC ORGAR
10H B £ TSIt BB O R - 7.

£ 2 4ppmNO 10HMRFEC L BMH~ 207 » —JDM-04 > ¥ RUMC-
F 3V RUSAAEDOEL

Table 2 Changes in the incorporation of *H-leucine and 14C—thyrnidine into
alveolar macrophages during 10-days exposure to 4 ppm NO,

Exposure Time

Incorporation (dpm/2X10° cells)

3H-Leucine E/C ¢ Thymidine E/C

1 Day Cont 2420045000 27204710

Expo 2290042700 0.95 32104900 1.18
4 Days Cont 237003200 2700700

Expo  41900+2500™ ** 1.77 1960+ 1180** 1.84
7 Days Cont 2200047400 2610600

Expo 314008100 1.43 2890 £450 1.11
10 Days  Cont  18400£4400 2060470

Expo  19400+5000 1.05 21804510 1.06

Alveolar macrophages {2 x10%ells) were sus;;ended in 4 mf of Eagle’s minimum essential
medium supplemented with 10% fetai calf serum, *H-leucine (1 g Ci/mf) and “C-thymi-
dine {(50nCi/m!} and incubated at 37°C for 3.5h.
Values are expressed as mean £ SD (n=6).

*Ep<0,01, ***p<0.001.

3.3 WRvI/A7 77— OHBRBOZTIL
3 4ppm NO IOHMRBIC L AR~ 27 07 7 — P OMBEROBEHREL 2R L, BF4
HEHETI, MEELEFHOMIIMREs 07y —JVoMlEIcELT, 8023 assnE
Bofie LALRETHEIZE, REROMMBEIEIEODOL 248 (p<0.0D) 8L, 10HE
HARICHWEER R L7 WRAOEOBEEERICHENSLHE 5D ERNE 0, Wik
Lo THRONBMHMROBRER LR L ¥ 2V REET o7, FOKE, HRERCREEEHL
CRTR IR 207 > - I ThHY, BOSHMAMBRL) L BROBEE 2 B UTCLES
HMPEEREORLEED SN o T,
MfE~2 077 —VORE SR —C, HLOHBOBEZEIT—21 pm OIS LT W5,
AEHTIIHTE% DHRABERI~1Tum DKESTHB, 4ppm NO: £FE 4 HB T Tl IBR
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HMINILI0A A SR et

& 3 4ppm NO; 10BMIBFHIZ L B~ 2 07 7 — YoRREOZEL
Table 3 Changes in the number of alveolar macrophages during 10-days exposure to
4 ppm NOg

Exposure Time Number of Cells (X 10 /rat)

Control Exposed E/C
1 Day 10.6%2.2 9.8£1.4 0.92
4 Days 10.9+1.5 16.5%£1.7 0.96
7 Days 10.2+1.3 12.6£0.6%* 1.2
10 Days 10,6+1.1 13.1+1.8* 1.23

Values are expresed as mean & SD (n=4).
*p<C0.05, * *p<0.01,

Number of Cells (x10%rat)

O 3B TP 2

Cell Size {um)

1  AppmNO:7 HMRERICL M~ ruy 7 - VORROKE SOEL

Fig. 1 (Changes in the size distribution of alveolar macrophages on the seventh day of
exposure to 4 ppm NO;
The cell number of alveolar macrophages in various size was counted with Coulter Counter
adjusted te count cells larger than 7, 9,11, 13, 15, 17, 18, and 21 gxm in diameters and
was estimated by calculating the difference between the values of nearest neighbours.
Abscissa indicates the cell size, that is, 7-9, 9-11, 11-13, 13-15. 15-17. 17-15, and 19-21 ,
m in diameters. Shaded column and open one show cells from exposed and contrpl animals,
respectively. Values are expressed as mean £ §D (n=16) *p<C0.05, **p<0.01.
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4ppmd DEBEEDONO L X BMR~ s 07 v — POMRBAOLBELBMETAEWT, 0.4,
1.2BTF4.0 ppm NOy 2 30 AWM T » MIZBE Lz, HAITRLAZL S, Mlawsovr—-3®
B BT NO i IR L CE R FREEREE D1 1845, 1.271% (p<0.05) XUF1. 3045 (p<0.05) 12
BT A I ENHLPI R

#= 4 NG 3HBBEBC IO~ O7 »—VOMBaEOEL

Tabte 4  Effect of 3-months exposure to NOz on the number of alveolar

macrophages

Concentration Number of cetls
of NO: {x10%/rat) E/C
Control 12.0+2.3 {1.00)
0.4 ppm 14.2£3.0 1.18
1.2 ppm 15.242.1* 1.27
4.0 ppm 15.6t2.1* 1.30

Values are expressed as mean £ 8D (n=16).
*p<0.05.

4 £ B
KR OMEE, 4ppm NO; BB L - Thifa~=s 07 » - VOB BEE4 BB ICHEL, £
D®ICA B3 BBEDEICRL I EFHOIC R o7 PNV F A - F %L ¥ —FIBTE
I FFrEHELTERILMERTETAMETHY, Yra—2-6-1J YBEABELIS L
T-RA-6-1 YEEETEET HBENADP #BILL, BRI ¥ F4 Y ERTRICES OILLE S
NADPH % #t#64 5., MBEREHSENLAZ S, 4ppn NO: BHBIC L - THifav 707 7 -
OB ERETARIISELTVEEELLOND, FELYZZNRET, 4~10 ppm NO,
RELL > THEHROARILEARRBIEOGEI AT L L EHME LA SR~ s o
77 - FIBWTERS S oM LB BB OER hNE, SR ToEERnE £ {—FL
Twb,

R L TN o BEF - P RN 7B-F 20— A BTEEFEELAZ 47 H SN
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DI AP SHEEERTWEY, UL B+ —EO RPN EB-F Py 0L REBEEF
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NE - RAHEINT B LB DB 0L EL SR D, '
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Bo

4ppm NO: 7 HZE, RU1.2 ppm NO; 39 AMRFILS - Thild~ 7 07 v - P offaiuil
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NO; 2 HHEIBREIZY 5T, "HFERINLAY ~DIHIEREALEKSv 27 7 — 20
ELVNAFERS bR o b h, NO BICRIERIEFFI &R EELoNIE, L LE
BOFFRTE, 4ppm NO; REICL » THBHBMBASE (ML LD -2 L2 b, Milck
EREMRE o7 ra 7y~ I LBRTLORKEETHL, ifivraz -0
BEEO—2 1k, WRAOEEMER UM L HG&EM0 BRI ETHEEEZSA TV,
IhFITOWRIzLNE, 15~17 ppm NO, BEIC L o THim EEABZEEY S, 2~3087%
W LEMROBEAREILE3NTWE, £ 2ppm N 10X o T BEMBEOMAESL L il
BAAEZDZEMFHMLRTWHY Y, Ladts T, RFEOERE, 4ppm NO, RETHEELL
ik AR A M s 0 7 - P OMMERTILA b L EI N A, 4, 0.4 ppm NO;
SHAMDBREILL - ThIf~ > 07 7 — J O+ 248m %R L, 1.2 ppm DEE T
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Effects of Intermittent Exposures to Ozone on the Microsomal-Xenobiotic

Metabolizing Systems of Rat Tissues™
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AV 2 () MR RBEDME RO RWAH R R TERLFNLHNT, I Wis-
tar REET v B 20 4ppm, FA20E, 08ppm Oz % 1 H 7 HERE], UMBMEFEL, 370V~
AT OBETHERE SRR L 8% L7z 0.4dppm O3 RFEIZL - TR, ik
B iyoy—sofEatticgbdiEe otthdb s, Larl, 0.8ppm O3 BEIC L
NS ¥ 0 — 4@ NADPH-F + 7 U — AP-AS0RTEMRFHE L, F 72— 4 P-4505
BIIEEIIHEML 2, BOXLy VE L ARBEESEE 7-T P& 22w LR F b
HLEH, BETOBIARLREMYFL, 48 B £ CHEEOBMAEY-72,

—, WETi, 0.8ppm O BE1HABIL, 220y - ABSOREHEREFTNTO
BT CEERGOBREVEID N, N UL yKEBIEENE, T-T 3Ly U
TF ARG, FLC, T2 oABEEEOEZ 1 OBICEA L. £2E 1 BBICED
iz hoiEttomiiE, BE4A0 7 HBCRBREOMECRE L, p-= O 7
= =M A F bR, o RpREEE L EEEYEL D, SRR EE TR
LfEdhoi, THLOEEE, HEOF by o— L6 P-4501 VEEFRITE, 0 BHIIHL
TEEHDTCREITHEE, EVBETTEFSLILETREL T b,

Abstract

Male Jcl: Wistar rats were exposed to 0.4 and 0.8ppm Oj daily for 7 hours for 14
day to examine the effect of Oz on xenobiotic metabolism of lung and liver microsomes. An

1. Ew ks \EEEE 7305 KRB HEEAHENT 2168 2
Basic Medical Sciences Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Iharaki 305, Japan.

R OEF L, | Toxicol. Environ. Health, 15, 855-864 (1985) 1R R L2 b DTH b,
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exposure to 0.4ppm O3 did not affect the micresomal xenobiotic metabolism of either lung
or liver. On the other hand, 0.8ppm Qs increased significantly the NADPH-cytochrome
P-450 reductase activity and the cytochrome P-450 content of lung microsomes. The activi-
ties of lung benzo(a)pyrene hydroxylase and T7-ethoxycoumarin O-deethylase also
increased significantly on the 7th day, and remained at a higher level by the 14th day,
These results show that exposures to 0.8ppm Os induce the xenobiotic metabolizing sys-
tems in the lung.

In the liver, after the first day of exposure to 0.8ppm Oj3, a significant reduction occur-
red in all components of the electron-transport systems examined as well as in the micro-
somal protein. A significant decrease was also observed in benzo (a) pyrene hydroxylation,
7-ethoxycoumarin O-deethylation, and aniline hydroxylation. The decreased activities reco-
vered in the following period of exposure. In contrast, the p-nitroanisole N-demethylase
activity was not altered during the 14-day exposures, These results suggest that some
isozymes of the hepatic cytochrome P-450 are sensitive to s, inhalation but ather (s) are
resistant,

1 @Bl

F by AP-AS0RFOBRITEERESOR L, F 70— AP-4SMEFYE — B FREZIRINEE
FARE, HREICHD A T R TEEE N E HORSE 17 RAEA L LTOEAZA L T,
BEMIIEET LR LEWE) 0 ¢E AL LT, CORBRIBETHLY, KAFRFA
ODWANZL > THDF b 70— AP-450 % HL LT RYABAPEEL T LPE 6N
Bo A/ (01, KLFERAE Y ¥ARETEAF LY 2 bO—DTH 5, Palmer 57, Gold-
stein 5%, # LT, Montgomery & Niewoehner” 1%, 0.75~ 1ppm O3 ¥ MBSl > 5 1 BRET S &
T ORPRABMERPERTTLZL2HRE L. LAL, O 20 ELFHE LI HORDK
FERDZ LB TR L HE T,

Ak b FER BRI EICFR T LN L, ZhET, O BELFRORSHRIIES S,
2, 3OMEAFRESNTOEY, FOKERLY L SBHEES L OTIEZV, Codstein 5743, 1
ppm O3 QEMREIZ L D FHEOF F 20— LP-4S0E BT LAW I E 3 ELA, L
L, Graham 5%, 1 H 58/, 2HMO lppm0s BRI Y, H3zuv—sn7=) v KB
bt a2 bR L,

4E, 0.4ppm BUFO.8ppm Oz % 1 H 7 1M, MHMBE L, MAUHEBORMTHHRASITD
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Mofzh, 0.8ppm O FHE LD, MORWHEEIBMT 25, WETIE, £#1HBICED
TAHIEFPLDPIR - D THET L,
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2.1 BBEHRVEHORR

Jel: Wistar #HEF » » (10~2284) %0.8+0.02ppm, 0.4+0.01ppm Q3 12 1 B 7 B¥EW (9 30~
16:30)1, 4, TRUUAMBEL:, BERK, 1HSEOI > b2 Fr AL DENHLT—
FUVEBRB T CEHRD SO L TE R L7 BEET0.95%NaCl T BTl 4 FERO10mM
b R —IERES T (pHT . 4) ¥ F L0 IBMKCHEHEY, Ky ¥y — - DAY aBF 70 s FTY
FAW—2HWTFETFA AL, 3270y — 205, JHEPIFEOREY 2} %10,000x
g 1543 BIEL L, &L ki % 105,000 g 6047 &0 LFAE L 72

2,2 Fr/O-LERBRUSTBRERORZE

FhEO—hbgk F kO — LP-450DGFIE, Omura & Sato” D HETHE L, FFWAHK
%4 185em 'mM T R U9lem ™ 'mM ! & LTE B L7z NADH-F b2 9~ 4 bs BILEBEER T
NADPH-F b # 1 — AP-450;2 TERE R M i3 Omura & Takesue” ®HHIC X HME L 72,

2. 3 RyRHERORE

T~ hEL oY BRI FUALEER Aitc® OFEICL DEE L. 50mM b A —YaEE
(pH7.4), 0.1mM7-Z + ¥ 22 ¥, 1mM NADPH BUF3 70 v — A8 EH(0.25~0.5mg#k
FIHYE) & 540 IR0 5m Z37°CCL05MBIE 8872 FIRC L DEL S, 7-n4 FodFi
s vEEEILIbEE L,

NP L v kEAEIEY I Dehnen Y OFEICL D BIE L7z, 50mM b Y X - 1588 (pH7.4), 3
mM MgClz, 40 u MY S E L >, 900 g F 7 % ¥, 0.5mM NADPH, KO3 » 0 — 2 8:& 1 (50
~150 g AL E) & U UGH .0ml 237°CT, M3 70V — L0HE&R1050, Birzov -
AR IHHMREEE e RIGCEDELZ 3 -, FEFEI R VEL r kit hillL
770

pr= bITZ V= NRUT ) OBHEM I Litterest &0 o EEIC#E LHllsE L 720 100mM P
JA-HiE(EHT.4), ImMp-= bOT7Zv—ndbnwidsmM7=Y >, 30V L8Rl
(0.7mg HATHLE), B 1aoMNADPT, 10mM Lo —Z 6-1 8, 5mM MgClz, 0.5units
Fha—26-1) yEEAKBERS S LS NADPH &SR 2 & O REi0.5m % 37°CTI05rR 1 &~
Fan— MLt p-= bOT7E 7 — VR A F AL L D& UAsk b A 7 L7k Fit Nash™ 5
DOHEIEVER LA, 7o) 2 RBLBISC L WS p- 73 )72/ — NI, 2% 72/ — ),
0.5M NaOH & B 8, 630nm DU & 0wt L7z

EEAER I Lowry 5P OHECENMELS, F Ly 0 AGBAUERERIFEY 2 -1
BARALYTERL,
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3.1 HOEAHERRUI/OV-LBFEERRFOEL

F I, 0.4ppm B U0.8ppm O RHEIC L AEBEREOEME, /2, K270V —-2&ETF
LEFRRS OB ER L. 0.8pm Oz BBILL 5T, FTVA- PRI ZFO0 V- A0OFEHEE
HERTBEHICZRAWEED100% (p<0.05) BUM120% (p<0.05) & H¥lL, 148 HizxfBECHEE
TR Lz, Fhru— L P-450581, BF 1 BRI OB ALY, 40BRFTHAE
I3 BEBE % 4 165% (p<<0.05), 186% (p<<0.01) ¥ L (¥mL, 140 BiZik, b¥dicxtiR

£l MoFEVIF-MRFIZov - AESOEAEROCHEL
Table 1 Changes in the protein contents® of lung homogenate and microsomal

fraction
Time of exposure{days)
1 4 7 14
Homogenate protein (%) (%) {%) (%)
Control 102412.1 (100 98+4.5  (100) 98:£6.4  {100) 98+8.0  (100)
0.4ppm Os 101+5.8 ( 9%) 91+3.7 ( 93) 100+9.8 {102) 96:£7.2 { 98)
0.8ppm O3 104+3.4 (102) 103+5.4 (105) 107£3.4%  {109) 964+5.0 ( 98)
Microsomal protein
Contral 9.7+£1.8 {100 9.040.7 {100) 9.3+£1.2  (100) 9.240.8 {100)
0.4ppm O3 9.3+0.8 (96) 8.7+9.6 (97 9.7+0.% (104} 8.9+1.0  (97)
0.8ppm O3 9.5+0.8 (98 9.9+31.1 (110}  11.2+0.8° (120} 9.741.0  (106)
’mg protein per tissue, (mean * SD).
*Significant at p<0,05.
F 2 MIsov-sETEERESOEL
Table 2 Changes in components of electron-transport systems of lung microsomes
Time of exposure {days}
Components 1 4 7 14
Cytochrome P-450? (%) (%) (%) (%)
Control 4.78+0.89  (100)  4.26+1.06 (1000  4.5640.92  (100)  4.36+1.04 (100}
0.4ppm O3 3.82+1.21  (80)  5.6741.29 (133)  5.4742.00 (120)  5.6741.22 (130
0.8ppm O3 3.98+0.58 (83  7.05£1.75 (165}  8.5042.14° (186)  6.41+1.5% (147)
NADPH-cytochrome P-450 reductase®
Control 4,13+0.,41 (100} 4.27£1.25 (100) 4,01+£0.31  {100) 3.92+0.53  (100)
0.4ppm Os 4.2140.36 (102} 4.7040.41 (110)  4.3740.43 {109)  4.27+0.29 (109)
0.8ppm_Os 4.4240.53  (107)  4.96%0.51 (116)  5.04+0.71° {126)  4.65+0.38 (119)

 pmol/mg homogenate protein, {mean X SD).
* nmol cytochrome ¢ reduced/min/mg homogenate protein.
¢ Significant at p<0.05, “Significant at p<C.0L
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IS b OO BEREO147% (p<0.05) L FE LI %R L7, NADPH-F I 2 O — 4 P-450
BUEEERER 2F7RUVMAHCHREOE £126% (p<0.05) K U119% (p<0.05) L HEIC
IS L 720 —75, NADH-F b2 0 — A by REEEREE AR LB LT S 275720 0.4ppm O3
RECIVEARARRY, WF 20— ABRBFRERIAELRERE RS 2d 070

3.2 Bivaov-LRHHABETOEL

LRoERIE, W3 7oy - L0RMAHEET 0 ZRIZL DEMILIh TW AR T R%E
LCwd, RIKMIZ0V -2y JELV Y KBIARGET-T b2 2= YT Mbith
OEALET L7, 0.8ppm O3 HIEIZ & b < Ly kB LEMEI, 1 HBIZh T hI2Edl LS
7 HRPUR BB E £132% (p<0.05) B UF162% (p<0.050 (o8 L7z, T2 %24
2N R FARENE, BE7HECHERO140% (p<0.05) 12N L A5 148 B IR
BIETE, AELELETR S ad ol

O.dppm O FF IV I 7 0y - 2 BWREERILAELRELERID Sk h o7

#3 Mizruv-sRBAEEEORE

Table 3 Changes in xenobiotic-metabolizing activities® of lung microsomes

Time of exposure{days)

Enzyme 1 7 14

Benzo (a) pyrene hydoxylase (%) (%) (%)
Control 0.86+0.22  (100) 0.92+0.15 (100) 0.95+0.22  (100)
0.4ppm O3 0.7240.23 (&)  1.0940.20 (119)  1.0940.31 (115
0.8ppm O3 0.6040.17 {69)  1.2140.22 (132)  1.54£0.39° (162)

7-Ethoxycoumarin 0-deethlase
Control 28.5+6.7 (100) 31.0%5.3  (100) 33.616.6 (100)
0.4ppm Oz 27.6%5.4 (9D 38.1+8.6 (123) 41.319.0 (123)
0.8ppm Oa 31.0£4.3 (109) 43.517.7" (140) 41.3+£5.2 (123)

% nmol/min/mg homogenate protein. {mean * SD).
*Significant at p<0.05
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#4142, 0.4ppm MU0 Bppm O3, M4BMBRZCLAROBEAZEROE L%, O IrT v —
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bhadolk, LAL, 370V - ABESOREERIZ0.8ppm 03 5 1 H BICHBRFO0% (p<
0.01) AEIETL, 2E40BCRMBROME CEEL /. Ak, 0.8ppm O3 FF 1 HHE
CRTNTOI s a7 — 2B HEERRSAFEA L $abE, FF 70— L4 PANERRY
NADPH-F b 7 0 — AP-450:@ R R IE IR & 4 A BREEDT73% (p<0.01) B UT2% (p<0.01) &/R L
fra F R 2T — A bs GEREUNADH F b 7 U — A bs BITEEEFEM I 2R ZHATHEEO80% (p<
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Table 4 Changes in protein contents® of liver homogenate and microsomal fraction

Time of exposure (days)

1 4 7 14

Homogenate protein (%) (%) (%) (%}

Control 2813+£160  (100) 29031236  (100) 27451146 (100) 2850+£101 {100}

0.4ppm Qs 2700188  { 96) 26991107 ( 93) 26351302 ( 96) 26891183  { 94)

G.8ppm Ga 27394234 {97) 2933£301 {101} 27081152 { 99) 2835+291  (100)
Microsomal protein

Control 298132 {100) 271136 (100) 288424 (100) 276 +£24 {100}

0.4ppm O: 295+ 50 (102) 247130 {81 201143 {101} 257130 { 53)

0.8ppm Oa 230+20°  { 8Q) 252%30 { 93) 284116 { 99) 267139 (97)

¢ mg protein per tissue, (mean + SD).
* Significant at p<0.01 (mean * SD).

* 5 HIZzuv- LB TEERESOEL

Tatle 5 Changes in components of eleetron-transport systems of Hver microsomes

Time of exposure (days)

Components 1 4 7 14

Cytochrome P-4502 (%) (%) (%) (%)
Control 71.5%X8.4 {100} 68.4+5.9  (100) 71.8£10.6 (100} 65.811.1  {100)
0.4ppm O3 75.8x9.8 {106) 73.9%£8.5  (108) 82.64+14.1 {50} 59.214.6 { 90}
0.8ppm O3 51.9+10.2¢ ( 73) 65.9+£7.3 (96} 70.5+£5.9 ( 98) 68.2+12.1 (104}

NADPH-cytochrome P-450 reductase®
Control 29.2+4.2 (100) 25.61+3.0 (100} 26.0+3.4 (100) 22.4+4.0 (100}
0.4ppm Oz 32.1%3.7 (110) 27.6+£2.8 (108} 27.813.7 (107) 25.5+£3.1 (114}
0.8ppm O3 21.01£3.07 (72)  23.3+£3.1 (91} 25,9140  (100)  21.8%£2.9 (97}

Cytochromebs?®
Centrol 58+8 {100} 53+7 {100} M7 (100) 52+6 {100}
0.4ppm Qs 6318 (109) 5743 (108) 57+4 (103) 5215 {100}
0.8ppm O3 46 £6° { 80) 5445 (104} 4845 { 89) 5216 {100}

NADH-cytochrome bs reductase® .
Control 316143 (100) 294 +54 {100} 277+42 (100} 296431 {100)
0.4ppm O3 356466 (112) 288+11 { 98) 283152 (102) 305+37 {103)
0.8ppm O3 248£37¢ {79 263133 { 90) 23937 { 86) 209127 (100}

“ pmol/mg homogenate protein, {mean £ SD).
* nmol cytochrome ¢ reduced/min/mg homogenate protein.
¢ Significant at p < 0.05, “Significant at p <0.01.

0.05) B Ur79% (p<0.05) #iR L7, LAL, CheRBIBHOKA, 4B FCIZEEL,
D#AEEE CHELEIL IR E G D o0 4ppm O BRI L D, FBOBEAOEERUI 0 —
ABFIEERHTIEELTLE RS T o iz,
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612, 0.4ppm K U0.8ppm Oz I4HFRHIC LS, K 70 v — A0RBPAMEEOENLE
FL7, 0.8ppm O3 2% 1 HHIZ, Ry VL okEELEYR, 7-ZhF2 <) YBrF Vb
WB T =) AR LS & 4 B 064 % (p<0.05), 73% (p<0.01) RUT7% (p<0.05) &F
FIEFLE, 7o) o ARIGESIRBUAECHERCENLA, —F, p=FOT7 =y — VIR
A FNALIGHE, BB ORET L TEEARD S thd o7 0.4ppm O3 REIZL D, VIR
DRWABMESE OAELEMERS LD o7,
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Table 6 Changes in xenobiotic-metabolixing activities” of liver microsomes

Time of exposure(days)

Enzyme 1 7 14
Benzo{a) pyrene hydroxylase (%) (%) (%)
Control 86+16 {100) 93+21 {100 79414 (100)
0.4ppm O2 84+13 { 98) 97120 {104) 70x1} ( 88)
0.8ppm O3 61+17° { 64) 91£18 { 98) 7017 { 88)
7-Ethoxycoumarin O-deetyhlase
Control 84.7+12.8 (100) 79.7+8.6 (100} 77.5+12.4 (100}
0.4ppm O 87.2410.3 (103)  82.8+9.3 (104)  69.8+11.0 ( 90)
0. 8ppm O3 61.9+£7.5° £ 72) 73.8+10.3 (93} 79.1+£9.6 (102}
Aniline hydroxylase
Control 63.24£11.9  (100) 60.5+18.7 {100} 57.3+7.4 (100}
0.4ppm O3 61.918.4 { 98) 64.1+£9.3  {106) 63.0+10.1 (110}
0.8ppm O3 48.6+6.1°  (77) 63.1x4.5 (104} 68.4+6.3% (119)
p-Nitroanisole N-demethylase
Control 308142 (100) 35634 (100} 330431 (100}
O.4ppm Os 32637 {106) 381441 (107) 3894138 (118)
0.8ppm Oa 327127 (106) 335+£34 {97) 345452 {(108)

% pmol product/min/mg homogenate protein, {mean * SD).
* Significant at p<{0.05, “Significant at p<<0.0L

1 2 K

1ppm HIfD 03 % 3 ~UMBRFETAEMI 2 OV — 2ORBAHROEEIBT L&A
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BB LI E b EEEN, 03 2 NO; & EOBEME S 210 L Ok I B LMl i b ik %
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In vivo Effects of Nitrogen Dioxide and Ozone on the

Xenobiotic-Metabolizing Systems of Rat Lungs ™

HEEET S s
Yuji TAKAHASHI' and Takashi MIURA'

B B

Jel I Wistar 7 » MIINO, X3 0 # T RUMMHBEHEREL, Wirzov—4ng
WA R TR AOEE L HE L, 0. 2R U0 4ppm 0 ZFFI4B B, 220V —
LEAHE, NADPH F b 7 O — AP-450BIGEERF b 7 0~ AP-450& 3B L 72,
—H, NADH-F b 70— 2 BEEEGRHEED O & o2 TOEE LRI, +F 1
ZO—LP-AS0ERTH -7 ZOMMEFHFLTR SEL P ABERTFT -2 %Y
&2 YR FAbEoEind, 0.2800.4ppm O3 BFE 7 RUM4EHHIZEE SR,

NO; 88, O EEHICTHHIZF F 20— AP-4B05 B A S, T4, 71
PR R FALER G, dppm NO, BT 7 RUMH B BRBEO££61% (p<
0.05) £74% (p<0. 00} iZIA L7za SOHEA I, 0.4~4.0ppm NO; BE TBREREDT
Hote —F, NroE L sABERE, AEAELETR S o7

DEogiyre, O dERECHORMAHARLHELL, NO, LHbSEHI LW
LI o7

Abstract

Male Jel ; Wistar rats were exposed continuously to either ozone{O3) or nitrogen diox-
ide (NO,) for 7 and 14days to examine the effects of these gases on the xencbiotic metabo-
lizing systems of lung microsomes. Exposures to §.2 and 0.4ppm Oa increased
NADPH-cytochrome P-450 reductase activity and cytochrome P-450 as well as microsomal
protein by the 14th day, whereas NADH-cytochrome bs reductase was not affected. The
most marked increase was observed in cytochrome P-45¢. In parallel to this increment, the
activities of benzo (a) pyrene hydroxylase and 7-ethoxycoumarin O-deethylase of exposed

1. B AcEMES REAER 7305 FIMRWEISHINT e 163 2

Basic Medical Sciences Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
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animals increased significantly on the 7th and 14th days of exposures to 0.2 and 0.4ppm
03.

In contrast, exposures to 1.2 and 4ppm NOj; decreased cytochrome P-450 on the 7th
day. Moreover, the 7-ethoxycoumarin O-deethylase activity of exposed animals decreased to
61% (p<{0.05) and 74% (p<C0.001) of the control values on the 7th and 14th days of
exposure to 4ppm NO,, respectively. This decrease occured in a dose-dependent manner by
exposure to 0.4~4.0ppm NO2, whereas the benzo (a) pyrene hydroxylase activity was not
affected.

These results show that Oa at low doses induces the xenobiotic metaholizing activities
in the lung, whereas NO; reduces the activity metabolizing certain xenobitic.

1 Usic

TRALER (NO) LAV (0) i, BHERERIIFET A EER I V0 b ThD, MF AR,
T =TI AR A CIPRAF P B EE E 5 ERIFVEFHILNTEY, NOz % 05 12 EHH
RET 5 EMOMBRIIAHENSESNLTY, BRBEOF L 70— A P-450KTE— R FBE
FIRMBEETIL, WPRIC L VRA SN BEERY (20 H) oRBICEE L RS2 ELLTVEY,
IHETE, 1ppm WO 0 % BHETH L, UBBLURIEDF 7 07— 4 P-450 £ BYAAEHE
WAEAT B L HE SR TWLYY, B, e 3”, 0.8ppm G MREZLOELL T » MO
F Ly — L P-A50FEAEINT LI EEBH LA L,

TRLEEORBEMABETIRIT T, EEASH LI ER TV AR, Pamer 51, 5
~50ppm NO; 7 » MIC3EEHBE L THMONr VL v KBALIEEEEEL Tt v ERE
LTVvihs KT, Husain & Dehnenid'?, 14.4ppm NO: %7 » M2 7 HMEET A L0~
YL AKBALEEAmMT S - E AR L7, B, KA, 0.4~4.0ppm  NO; Bt - HAHESR
Cd o THIDF b 70— 4 P4SOERAEPMICRIT 5 2 2 R LATD S off i,
NO; DI BB AR RIEITHEN O 0L BEA—ThWTEHER T RIEL TWE, FiFRO BT,
B RMRBRICKITT NG, & 03 DR ROMELHALMCT LI ETH A,

RIEL, EREONO L 0% T v PICARMEEREL, Mz 0v-20RWEAHRCR
ETBEBUI YW THR LAERERELTYS, GEERRV VYL D KBHMERF 7T-2 b2 2
o F ARG S S50, NO, BB IBREOEELEA SHE,

2 B &

2.1 (EARYRURBIEAS .

Jel: Wistar %47 » » (CLEA-Japan Co., SPF) %1084 TBA L, MEH - KTHF L R2EH
MhRF 3 C SPFAREE T HEFF L 72,

55k (22~2439) 12, 03(0.220.01%0¥0.420.01ppm) X iE NOp{4.020. 2ppm) % 14 Fi M RE
Lo ZE7RUVMBBIZEREF » >N —L 0 —H6LOBW TR OB L, BRELCREL D0.95%
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Omura & Sato’™ OFHIZ L H#E LOTERFEHEFem M E LTHIBLL,

7-Th&k L) YRIF LRI T L KBRER R, &4 Aitio'™ BUF Dehnen'® &
OFEICHEL, Takahashi & Miura' 125 L2 HETHE L7z,

BOREY F— PRI 2T — ABSOBLERE, Lowey'™ OHIETER L7,

2.3 HBEEOWREZX
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Table 1 Changes in protein content, components of electron-transport systems and xeno-
biotic metabolizing activities of lung microsomes produced by Oy

Time of exposure (days)

7 14

Homogenate protein® (%) (%)

Control 9316 {100} 88+8 (100)

0.2ppm Os 9446 {102) 9443 {1086)

0.4ppm Os 104 £22 (112) 9946 {111)
Microsomal protein®

Control 8.4%+1.3 (100) $.94+1.1 (100

0.2ppm Os 8.740.7 (104) 10.5+0.5* (117)

0.4ppm O3 9.340.7 (110) 11.440.8% (128)
NADPH-cytochrome P-450 reductase’

Control 4.310.7 {100} 4.4£0.4 (100}

0.2ppm Os 5.040.4 {116} 5.420.4°  (123)

0.4ppm Oz 4.6+0.6 (107) 5.6+1.4%  (126)
Cytochrome P-450°

Control 4.241.0 (100) 4.040.6 (100)

0.2ppm s 7.0£0.7°  (166) 7.8+0.7°  (192)

0.4ppm C: 6.210.8° {147) 9.841.1¢ (246)
Benzo (2} pyrene hydroxylase®

Coantrol 0.99+0.14  (100) 0.8440.16 (100

0.Zppm Os 1.43+0.07°  (145) 1.4840.18°  {175)

0.4ppm O3 1.33+£0.19°  (137) 1.60£0.13°  (190)
7-Ethoxycoumarin O-deethylase ®

Control 25+4 (100} 2342 {100)

0.2ppm Qs 3444° (133} 294 5¢ (123}

0.4ppm O3 33+5° (100) 20£3¢ {123}

Values are expressed as the mean of six animals £ S. D. *p<C0.05; *p<C0.01; “p<<0.001.
“mng of protein per tissue; *pmol/mg of homogenate protein ; ‘nmol/min per mg of homogen-
ate protein; *pmol/min per mg of homogenate protein.

3,2 HWIvOvo-LORMRBRCREFT NO, ORE
F 212, 4ppm NO, & - L AMOFEOER, BYAMRRS LURDABHEEOELER L,
MioAESF— PERAERE, £%F7 0 HICHREOL2% (p<0. 0D ML 2%, MOBIT
DA RBEO L AVIZEE Lz, i BBEORB LRI, F oA PAS0EREEEZETH
HIZ G BEBEOS5% (p<0.05) S/ A L, RO TUHHBIZHIBEO LAV TREL;. 7-T
FEL ) YRIFVALER S, 4ppm NO: IS L DA LIz, FEHICE, NO; %#E 7 RU
4B BC& 4 BEEDE61% (p<0.05) R UT74% (p<0.001) & o7:, 3270V —LEGNEHEE,
NADPH-F b 7 ©1— A P-450:8 TCEEFE, NADH-F b 27 U — Lbs HICBERF~NC VY L k8L
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Table 2 Changes in protein content, components of electron-transpert systems and xeno-

biotic metabolizing activities of lung microsomes produced by NO2

Time of exposure (days)

7 14

Hemogenate protein (%) (%)

Control 9546 (100) 93+4 {1000

Appm NO: 10647 (112) 9748 (104)
Mierosomal protein®

Control 8.8+£0.5 (100} 8.3+0.7 (100)

4ppm NO: 9.8+£0.6 (111} 9.1+0.9 (109)
Cytochrome P-450¢

Control 3.9%+1.1 {100} 3.910.7 (100)

4ppm NO-: 2.2£0.7% { 55) 4.010.7 (102)
NADPH-cytochrome P-450 reductase’

Control 4.310.5 {100) 4.210.2 (100)

4ppm NO: 4.44+0.2 (103) 4.2x0.2 (100)
Benzo(a}pyrene hydroxylase®

Control 0.92+0,27 {100) 1.0410.10 {100}

4ppm NO: 1.00+0.25 {10%) 1.02+0.19 {98
7 -Ethoxycoumarin O-deethylase®

Control 2846 {100) 3043 (100

4ppm NO: 19+4* { 61) 22+2° ( 74)

Values are expressed as the mean of six agimals t S. D, "p<0.05; 2p<20.01; “p<C0.001.
“mg of protein per tissue; ‘pmol/mg of homogenate protein: ‘nmol/min per mg of homogenate

protein; pmol/min per mg of homogenate protein.

EEEOIRMIL 4 ppm NOp, BECHEL L2 R E LD o720
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U64% (p<0.05) T o720 —H, Ny TEL y AEALERIZ, FHETHVA NG DWThOR

iR, REMMCBVWTOHELRLERS dh o7
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O: BEICLO, 1HMNERIZOY—A0F b 20— 4 P-45035EA T2 2 EARESATY
55, Biff, o4, 0.8ppmOs % T v MC 1 A 7HMAREETHE, Wiy EV-20F}
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Table 3 Effects of seven-day esposures to 0.4, 1.2 and 4.C ppm NO. on benozo ()

“pyrene hydroxylase and 7-ethoxycoumarin O-deethylase of lung microsomes

Exposure concentrations of NO:

Control 0.4ppm 1.2ppm 4 .0ppm
Homogenate protein® 1017 99112 99+7 112:45°
7-Ethoxycoumarin
O-deethylase® 33+6 29410 2416 217
Benzo {2) pyrene
hydroxylase® 0.98+0.20 1.07£0.20 1.00£0.19 1.03+0.09

Values are expressed as the mean = 8. D., °p<((.05
*mg of protein per tissue: “pmol/min per mg of homogenate protein.
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WOF b o 0— 2 PS04 BA S5 ERBTES, T-Lh3U oY VBT MLiEES 372,
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BRI dol, Irav—LORYHHIL, ELOTA/FL 20 6LBF b7~ 4 P-450
Ll TR ERTWEY, Ueng & Alvares™ i, ¥ o FHIIZBWTF b 70— L P-4507 4
VHEA LD I THAEF P27 T—LP-4501 ARV 2TV R4 54 FET 2 2045400 % 0 BIRE
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fLEMEET 5T~ 7 0= L P-4507 1 VA L % BRI S BWEERAE L B ND,
FEERE LT, FHROERDS NO2 & O3 13, TSRS LTEBEHA L LA 2R &R
FTizdddbed, MIs7ov-—20BARRCH L THERT2EERR I3 EHLPE
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Effects of Intermittent Exposures to Nitrogen Dioxide and Ozone Alone
and in Combination on the Microsomal Xenobiotic-Metabolizing Systems

of Rat Tissues
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Jel : Wistar 5285 » M2, 4ppm NQO; £0.4ppm X 420.8ppm Oz DA A A E14H K[
REFE(Th/A) L, WMECIHFEO I 7oy - 28 NABHEEIIH T2 NO: & 0 DS
HERR LA,

WiTiE, 0.8ppm O MREBCLBANY VYL Y KBELRY 7 - b3 ov ) VL
FNALIEHOEADS, 4 ppm NO, IR & - THE SN 7z, 0.8ppm O3 & 4 ppm NO &
BIRFERE, W3 70y - 20RYAHFBEOT LTHERMICERTLA LEA 6L,

B2rov— 0B, 0.8pm O OMIKEZICL > T1IHBTED L
AHEY 5, ZOEWRBAEEOREL L, 4ppm NO, DFEINCE - TIFEALBESLL
{Tat. LA LADS, 0.8ppmO; & 4 ppm NO, DB EEFE T, 72V KEL LT
LR E L) YRS AT BRCEA L, po2 b T =y — A F b
A7 AR U AR A HICES Lz, cNHOERE, T30y - 2B9R80F
I 0.8ppm O3 & dppm NO, DWETIRE, REPNN T 0, OIERORRKTHD
2, BEENCREShDTERETRBLT VS,

Abstract

Male Jel: Wistar rats were exposed to nitrogen dioxide (NOz 4.0 0.08ppm) and
ozone (O, 0.4+ 0.92ppm and 0.8 £0.04ppm) alone and in combination daily for Thours
for 14days to examine the effects of single and multiple gases on the microsomal xenobiotic-
metabolizing systems of lung and liver,

1. Efa®RFRsr RBERS 7305 RRESIEE A EIBA AR )16 2
Basic Medical Scienees Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.




[

In the lung, exposures to 0.8ppm Oj increased benzo (a) pyrene hydroxylation and 7-
ethoxycoumarin O-deethylation on the seventh and fourteenth days. Exposures to the mix-
ture of 4ppm NO and either 0.4 or 0.8ppm O3 too increased the former activity, although
the magnitude of the increase was reduced by combination of 4ppm NO: and 0.8ppm Os.
Moreover, 7-ethoxycoumarin O-decthylation was not altered by exposures to the mixture of
NO; and Q3. Similarly, combination of NO; and Qs suppressed the early effect of O3 expo-
sure on the xenobiotic-metabolizing activities of liver microsomes, which were decreased on
the first day of exposure and then recovered. The effects of the mixture of NO, and Qs de-
veloped in the latter phase of exposure peried. Exposures to the mixture of 4ppm NQ; and
0.8ppm O3 caused decreases in aniline hydroxylation and 7-ethoxycoumarin O-deethlation
on the seventh day and p-nitroanisole N-demethylation on the fourteenth day.

These results show that exposures to NO» and Oz in combination suppress the effect of
O3 on the xenobiotic-metabolizing systems of lung and liver microsomes. It is, however, sug-
gesﬁed that the effect of the mixture of NO; and Oy develops in the latter phase of exposure
period.

1 @Usic

ZEALERNOY) £ (01, RILEAEy VG TNDZEELAF LT M ThHD, WA
Zi, HECHUTRBIEMA PLARFIERIFEELORTVAY, REFEHFEET 2R (L
FME)HUERIZ L o TIRA SRS EIRRBIZ B W TAB EN 2, [RERERILEDOES,
3170V~ MIRTET HF b 70— L p-ASORTF B TRIRINEERE R CEAHR) IZ & - TKEND
BIEBRI A2 NAY, ToBERETIS, LEDEL L) SHOBVIRIIERY S
BEbd 5,

IHE T, 0.2~0.4ppm Oz % 7 » MIERBE T2 LM I 70y — 20ERRHR L RIK
BEMARET LI EARE LTEAY, FHOKER, 0.8ppn 03 AXREEICL-TIRLNT
WaY, =¥, 0.4~4.0ppm NOz % 7 » MIEHRESE LHE, MEOTREO I 70— AEYR
HAGEROCETT LY, Z0B, »2MOEERM AT 2 EE LISROIIRIT Y,
PDlEo L, Wiy~ 28 MILHRIE, NO P 0 OB LCHBICKET 5, LAz
BT, NO %2 03 TRALAHE, BRI EYHOERIEZL HND,

ABETIE, NO: £ O DESHRERI L > THRUHBROEDRIFEIESD L BELHE
L7

2 7 &

2.1 BRBREHRURHEOERE

Jel: Wistar RMET » b+ (18~22384) 124.0£0.08ppm NOz £0.4:£0.02ppm X i20.8+0.04ppm O3
OWEFAE, UWHERMRES(7h/d) L7, BEMERERYIIF v =205y 3D
HOUER LG E D0.95%NaCl Bl % il L CIRER 2 & M % v 7o, B OBFIE % 10mM 1)
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AR % & 0. 15MKC) 3 TF € U+ 4 X L Takahashi HYOHEIZL Y 270y — L@
%%%’l‘: Lf:o

2,2 I70v-—-LRHBEEORNER

WROFE S 7 T — A DRMCHEN L, Takahashi HYOERLAHETHREL, 7T+ F
S o) v -0 F LR DN Y YV E L Y KBHLIEE ORI 1L, Aitio® R U Dehnen 5% ik
CHEL TiTore TU v KEEE p-= 07 = — L-0-Bi 2 FAALDHEME, Litterest 570
Fik il L7, .

MROHFAREY - F O&EERIZ, Lowry S'VOFETERLA,

2.3 BERERTEE
WHEBLEGRLOWOZEOFENEE, SO T Student @ ¢ XL Welch @ ¢ DFRHE
FHOTRE L

I BB

3.1 W3OV —LORMABMEHICRET NO: & O; DRE

0.8ppm O3 2T » MIBRBZE(7T0/d) T 5L, 1 HEIAY VE L v KBALE AT HEE D69 %
ETF LA, 7 R014B BioikstBIEO S £132% & 160% (2805 5 450 . 4ppm 03 BHE TIEHE
LEEABEO bR oY, EIIFELAE 12, 0.8ppm Op HH I L ARBERIEHEOML O
SV, 4ppm NO, OFIMC L - THMES WA Z Lk hd oz, 72, 0.8ppm O3 B8 7 R U14H

# 1 NO L O3 BEICLIAMIrOY—L0y UYLy ARIEEBEEEEOE
1t

Table 1 Changes in the benzo{a) pyrene hydroxylase activity of lung microsomes during
exposures to NOz and O3

Exposure Time {days)

1 7 14

(%) (%) (%)
Control 1.04£0.31 (1000  0.91+£0.18  (100)  1.04+0.16  (100)
4ppm NO: 0.67+£0.25 (64  1.09£0.33  (120) 0.974£0.31  (87)
Control 1.00£0.14  {(100)  1.154+0.20 (100  1.2010.20 (100}
4ppm NO: 0.98+0.26  (93) 1.90+0.28***163)  1.32+0.28  (110)
+0.4ppm Os
dppm NO2 0.6840.11** ( 68) 1.2040.15 (104) 1.56£0.20%  {130)
+0.8ppm Qs

Values are expressed as pmol/min per mg of homogenate protein.
*p<0.05, **p<0.01, ***p<0.001 {mean * SD,n=6).
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HIZBEshimd, 4ppmNO2 12X - TR L7z, —7, 0.4ppm O3 & 4 ppm NO, HIREFH 7
HETAY vEL Y KBALEE IS INER 2 R I8 E R v, WA XOESICL o THBEED
163% (p<0.001) LHELRWNTRL,

T-T bRy R FALENE, 0.8ppm O £5% 7 H BISHIERO140% 12851+ 5 25,
dppm NO; EDBIGERT LAWAOHMF L LA(E2), 73780 A2 FIEES L F
B RN %R L7z,

FO2 NREOBRHEILIAMIZOV-—LDT-Z 5227 YBIFIL
BEFMETEOZE(L

Table 2 Changes in the 7-ethoxycoumarin O-deethylase activity of lung microsomes dur-
ing exposures to NOs and O3

Exposure Time (days)

1 7 14

(%) (%) (%)
Control 28.4%6.5  {100)  27.4%7.1 (100)  28.7+8.0  {100)
4ppm NO: 27.3£4.5 (9  26.4%3.0 (96  40.149.3 {140
Control 29.3£7.4 {1000  30.0x3.8 (100}  30.1+3.9  (100)
4ppm NO: 33.0+7.6  (113)  34.6L£9.6 (115  29.4+9.0  { 98)
+0.4ppm Oz
4ppm NO: 23.245.0 { 97) 25.0+3.5 ( 83) 32.0£11.3  (106)
+0.8ppm Os

Values are expressed as pmol/min per mg of homogenate protein. {mean + SD.z=6).

3.2 HE/70v-LRDARMEEICRITT NO: & O, DER

0.8pm Os R FEEIBHEIL, X270V —bORNY YL LYKEHE, T-ZhF2 o<1 v
IFIWALRTT =1 R EOERME I, §4BEO6, T3RTT%IETT 4% P-= 1
7=V = VA FUALEEIE L LY, 0.8ppm Oy & 4 ppm NO HARE L D HIZK, WTh
DEYRAMERIFELBME RS b o7 (E3~6), 0.8ppm O BEITIBHI 7OV — LR
PUHIEE~ DB, 7 ROUHEBICEED SRRV, —F, 0.8ppm 03 & 4ppm NO; DEAE
BT, p-= O T2 = WA FNALEEA 7 B B I3 BE0112% (p<0.05) I8 L7, 14
BHE I BEO83% (p<0.00) T LA(# ), Po) v ABEERT-Z b33 <) VB
TF MALiEMES, 0.8ppm O3 & 4 ppm NO; DHERE T HE T, &4 BEHDL2Y (p<0.05) £85%
(p<O.05) IZHA L2 (4, 5) NV /E L w kKBS, NO; & O; DHARBETHELEL
ERA otz (EE).
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Table 3  Changes in the p-nitroanisole N-demethylase activity of liver microsomes during
exposures to NOz and Qs

Exposure Time (days)

1 7 14
% % %

Control 310421 (100) 322423 (100) 317+18 (100
4ppm NO: 326445 (105 306+21 (96 3£17 (98)
Control 33624 (100) 300418 (100) 359424  (100)
4ppm NC: 332+16 (98 204421 ( 99) M1+45  (04)
+0.4ppm O

4ppm NOz 313+42  { 93) 3B626*  (112) 300+21%  (83)
+0.8ppm Oa

Vatues are expressed as pmo!/min per mg of homogenate protein.
*p<0.05 {mean + SD.n=6)

4 NOLORBULBFIZuY—2072) v KBHEREEEOTL
Table 4 Changes in the aniline hydroxylase activity of liver microsomes during
exposures to NOz and O3

Exposure Time ({(days)

1 7 14

{%) (%) (%)
Contral 708 (100} 63+12 {(100) 691+10 (100)
4ppm NO: 688 { 96} 65113 (104) -~ 5918 ( 87)
Control 64+14  {100) 7145 (100) 708 (100)
4ppm NO: 7+13  (117) 667 (93) 7210 (102)
+0.4ppm Oz
4ppm NO2 67113  (105) 58+6* { 82) 6416 (92)
+0.8ppm Os

Values are expressed as pmol/min per mg of homogenate protein.
*p<0.05 (mean * 8D, n=6).

4 £ B

lppm Bif%® 0: * FE T 5L, | HUWICHOEWBRAE S &L EWASEEORL T2 L
B, NARF =, FEy bRT .y MTASRTWAEYW —F, 0.8ppm O: M XBEHM 2 ER
ToE, 4RHICT v MEOEDRHRRTIFRAIYML, UHB FTHUELHERT LY,
COBRNYVEL YKEBERU T - b 2w ) YBTFAbiEME MY Bo 0.4ppm O3 DM
REFTHLEHOEBNABEINTWS, ZHIZKLT, 1.2~4.0ppm NO; OEFHEFEIZL 5T
iz O0v—4DF s o— A P-450FRE 7T-2 ¥ 3 72 Y F AEERIFRIICES
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Table 5 Changes in the 7-ethoxycoumarin O-deethylase aclivity of liver microsomes dur-
ing exposures to NOp and Os

Exposure Time (days)

1 7 14

(%) (%) (%)
Control 84:£6 (100) 85415 {100) 81+13 (100}
4ppm NO: 809 (9% g8+19  {102) 73+13  (91)
Control 73119 {100 707 (100) 79+20 (100}
4dppm NO:z 76+14  {104) 63+12 ( 90) 71£18 (90
+0.4ppm Oa
4ppm NO: 62t12 ( 85) B9+7* { 85) 6712 (8%)
+0.8ppm Qs

Values are expressed as pmol/min per mg of homogenate protein.
*p<0.05 {mean + SD, n=6),

£ 6 NORELOERILIAZNI IOV -0/ YL v KEB{EEFERENE
1t

Table 6 Changes in the benzo (z) pyrene hydroxylase activity of liver microsomes during
exposures to NOz and O3

Exposure Time {days)

1 7 14

(%) (%) (%)
Control 80£25 {100} 80+17 (100) 84428  (100)
4ppm NO: 11040  (136) 80+10 (104) et12 (7N
Control 80+ 18 (100} 84113 (100) g7+28 (100)
dppm NO:2 78+15 { 95) 67+13 { 80) 87+23  (104)
+0.4ppm O
4ppm NO: 6513  { 81) 71+11 { 86) 123+£27  {(141)
+0.8ppm Qa

Values are expressed as pmol/min per mg of homogenate protein({mean + SD,n=§).

THY, LaLuss, FMEOHEREPSHGA%E I, 4ppm NO; DX RETCIRAAMOR
BT zov - 20 B YWHAHERHREE LT LR S Hh o, 4 ppm NOz DU,
0.8ppm Oz K L B3 70 v — ARWABMBEBROMMEBR IS/ (FE 1, 2), LidsT,
0.8ppm Oz & 4 ppm NOp i, M3 7o v— A0RMAHEEIIES L THEMICERY B EE LS
NA, 0.4ppm O3 & 4 ppm NO» DG RFET HH TRV VUL Y KELEEASHZE MLz 2 &
i, RIREETIE 03 OFBREATNO IZ X QIR S A HEME TR L TWHOh Y Lk,

E3 70y — AORMCHBRETE, 0.8pmO; DMREZIZL - TIBBTHALAE, 4H
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Effects of Intermittent Exposures to Nitrogen Dioxide and Ozone Alone
and in Combination on the Microsomal Electron-Transport Systems

of Rat Tissues
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2F (Th/d) L, W, W BROI 270V - 2B EERESIIHTANO L0 D
BRI LA, NO L O, 0B &RER, I R BEoirsov-— 2BTEE
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TCEEEE AT NO, BIRRE TR L7225, BOEE VI O BIMBEROBE L h b/hS
Dalfze LALGHFE, NOE Oy DHARFUBECE, SFAMMOGELY LEX
gmAEEo o, T, MEAEREE, HEEREIIL - TN AHEBREE L.,
FHIETH, NOp & O OEMBEIIL T3 0y — BT EEROEESYRE1HA
WA LA, SHERECHETHRIER I, LI LENS, NO L 0, OWER
BURARLF 20— LA P-AERDEELETHROOHA, BIsov—-LsnEd
FI#kI, NOz 2L BF b2 T— 0 P-4SOEBEOMIA 0 E DS L DR SR,
LLEDOHRENG, NOy & Oy OBER L - TEFABMMTOBEE: 70V — ARBTF{52
FHG~OBESRRI NI EAHL I o, T, NOz & O3 ORGSR, B
BHRMIIRE SR A TREM ARG S 1,

1. E7Z2vErfseer |EARE 7305 FKRESIEES HERE/EFN116% 2
Basic Medical Sciences Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.
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Abstract

Male Jcl: Wistar rats were exposed to nitrogen dioxide (NO, 4.0+ ¢.08ppm) and
ozone (0 0.4+£0.02ppm and 0.8+0,04ppm) alone and in combination daily for Thours
for 14days to examine the effects of single and multiple gases on the microsomal electron-
transport systems of lung, liver and kidney. Exposures to the mixture of NOz and O3 caused
alterations preferential for the drug-metabolizing systems, especially for the cytochrome
P-450 level in all tissues examined.

In the lung, the cytochrome P-450 content and NADPH-cytochrome P-450 reductase
activity were increased by exposures to 0.8ppm O3 and 4ppm NOg alone. Exposures to the
mixtures of 4ppm NQ; and either 0.4 or &.8ppm O3 too increased these components over
the entire period of exposures, although the magnitude of the increases was not necessarily
augmented by combination of both gases. [n addition, the activities of these enzymes became
considerably higher in animals exposed to the mixture of the two than in those exposed to
each indivisual gas on day 14. In the liver, all the components examined of the microsomal
electron-transport systems decreased on the first day of exposures to 4ppm NO: and
0.8ppm Q; alone. Combination of NO; and O3 reduced the magnitude of the decrease in
these components. On day 14, however, the cytochrome P-450 content was decreased again
by exposures to the mixtures of 4ppm NO; and either 0.4 or 0.8ppm O3, whereas it re-
mained within the control level upon exposures to each individual gas. in the kidney, the
effects of exposures to 4ppm NOp; and 0.8ppm O3 alone on the microsomal drug-
metabolizing systems were suppressed by combination of the two,

These results show that exposures to NO; and O3 in combination reduce the effects of
a single gas on the microsomal electron-transport systems. It is, however, suggested that the
effects of exposures to the mixture of NO, and O3 develop in the latter phase of exposure
period.

1 @UsHic
CRAEER NG LA VY (0D, KAHIIHET AEERAF LY N Thh, WA AL, W
WRHRICHAZNBLE 7 )= VR E LRI ERT 2 EE2 50T AY, BEROF by
U — & p-A50KTF IR IR BE R Fid, RA SRI-EERY {EEDE) oI EE L RH v 2/
LTwaY, ThETI, 1ppm fifed O3 ¢ E£REMICEHE TS L, 1 AUNKRKOF 20—
LP-450EREHBBOLERYORNBERIEL T L EHE SR TWEYY, BERL 1,
0.8ppm Oz ¥ 7 v MZMRBHEY L L 4 HE D SMOEWCHERES & RAEENSET L
EERHE LAY, —F, WOBWARRIIRITT NO: ORBBHLT L BRI STV, Pal-
mer 53 (%, 5§ ~50ppm NO2 % F » Ml IBMEE L TLMOFEHRFALKEKBIEREHES
N &8 LTV Bo Husain & Dehnen” i3, 14.4ppm NO2 %5 » MC 7 BEEBT 2 &, o
HEERAFERBLESEIMINT A2 L e R LA, ThETIIHAE, 0.4~4.0ppm NOz % 7 »
MIRETDE, MRUFEOEDAHRRSVEANGCHEI T LB LTELEY,

CTOLEACH I ra - roBERBRRSIIH LT, NO kO3 RHETAEELRIZL,
370y - LOBEMRBAES IO LTIRIMCETHRE R T £/, 3270V - AOWF5#E
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SRBCAME, 1.2~4.0ppm NO, BAMREIC L WHEFIZAET HY, NO» & 0 DERBEECHT S
R, SEFHUMEOREENG, O3 N0 L0345 ~208H OBV EAMLEN TV,
FICCHRIETIE, 4 ppm NOz 2, 0.43010.8ppm O3 #iFEMILT, 7 » FCAREEL, W0
320V —ABRTFEERRTCRITTNG L O DHEMETHO I TAZETBSE L, &
gD B, S, NOz & O; DFEMIE, 370y - ABWICERNT IR IS <, MyA0HE
FIEHRBNER T A%, BEEMCEETRAY s WML

2 B &

2. 1 REBRHRUEHORE

Jcl: Wistar RHE5 » b (13~26084) % 4 .020.08ppm NOp, 0.410.02ppm X 130.840.04ppm
O *HHMY RS CH4AMBREL:, VASZBITFHSKLErLFRAMBELIC1H 7HMTY,
BRERBPAEEF A Lol FAFILRIKEMEC—F6LOT » FEERLLIEL D0.9%
NaCl 0L #E0T L TR S5 MM 2 Br 7o MIRUBFRE L 4 f55O10mM F Y ZEEHE (pH 7 .4)
P Et0 ISM KO HBAP TRy F BRI AR EoTHFEVFAA LI, 370 Y — 4
Bigrid, B, PN OTEBEORET Y A — b %10,000X g 15570 L, .05 %105,000 X g 6053
O L CRAR L .

2.2 BEEMECFFIO-LEBORAEX

NADH-F » # O — Zbs #TCEEER (F NADPH-F b 7 01— A P-450 3 TCEEF O IE Omura &
Takesue 5O HFEDIZL WIE Lize F F 70— Lbs £F b & O — 4 P-4505 8 it Omura & Sato
OFFEVCHEL, FFREBREESE4185m ™ mM T RU9lem ImM ™! & LTEREFFE L,
B Lowry OFEPIZE DIFE L .

I B R

3.1 B3/0V-—LOBFERERICRIET NO: & O; DEH

F1ID, NO, & Qs DEHBNIEESRENMM AV 2 - PORHERIIAIITEET RLZ. 14
AR OEZHM B, 0.8ppm O3 RFEH T4 HHAICHRITHIML A% 7 B BICHNREO L VIZE
TERTL, DEOFFBHEADHEBEROLAVIZEET 572, 0.8ppm Oz + 4 ppn NO, BREFHTH 4
HECEAERIHMLAA, 0.8ppm O REHLRLVIOHEZ THECEWEZMIFLAL. 4
ppm NOg X 120.4ppm O3+ 4 ppm NO, BEH CHFELE{LABO oG o7, I 70V — 4
DEE R, 4 ppm NOz +0.8ppm O3 FFE 4 H H CHEBHD136% (p<0.01) L850 L7 ASVE
LEEET S hh ol W20V - 20T EERESOF TR, F 704 P-40EFROE
BB LEETH oMo F2WRLALIIZ, 4ppm NO; REH TR, 4 HBEICHEREO138% (p
<0050 I 7:78 7 H B IS BEO L U2 TR L, DiE0SFHMPEREO L~
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Table 1 Changes in the protein content of lungs during exposures to NOz and O3

Exposure time {days)

1 4 7 10 14

(%) (%) (%) (%) (%)
Control 8.9£0.5 (100) 8.41+0.6 (100) 9.5+0.5 (100) 10.6+0.9 (100) 11.2+0.6 (100
4.0 ppm NO:2 9.5+1.0 (o7 8.8£0.7 (105) 9.6+£0.9 (101} 10.4%0.5 (99 11.0£0.9 ( 98)
0.8 ppm O3 9.2+0.8 (104} 9.64+0.7* {114) 9.640.8 (101) 10.8£0¢.9 (103) 10.240.9 ( 91)
Control 11.24£0.5 (100}  11.1£0.9 (100) 11.430.8 (10 11.8+1.0 (100) 12.4+1.2 (100)
4.0 ppm NO2 11.3£0.4 (101}  11,5+0.7 (104) 12.2+0.9 {10 13.0£0.7 (110) 12.740.5 (102}
+0.4 pptm Cs3

4.0 ppm NO2 10.8+1.4 (97) 12.2+0.3* (111) 12.3+0.4™ {108) 13.5+0.3**(115) 12.910.7 (104)
+0.8 ppm O3

Values are expressed as mg protein/m! of homogenate {mean + SD, n=6).
*p<0.05, **p<0.01.

; 2 NO2 & O3 REBEIZLAMIZOV—LDF 7 Uu— 24 P-4505HOTAL
Table 2 Changes in the cytochrome P-450 content of lung microsomes during exposures
to NO» and Oy

Exposure time (days)

1 4 7 10 4
(%) (%) (%) {%) (%}
Control 7.741.4 (100)  7.7£1.3 (1000 7.8+1.3 (0)  7.641.0 (100) 7.0£1.7 (100}
4.0 ppm NGz 7.7£1.5 {100} 10.6+1.9% (138) 6.3t2.6 {(8l) 55x1.7 (8) 7.7+2.3 (111
0.8 ppm Os 5.3+1.1% (69) 16.5£1.1%**(215) 7.342.0 (94) 12.543.8* (193) 8.3+0.9 (118)
Control 6.1+2.4 (100) 5.74+1.2 {100 6.6+2.0 (100) 7.641.0 (100) 5.4%1.2 (100)

4.0 ppm NO:  7.242.2 (101)  8.242.5 {145} 8.1+1.¢ (123) 8.6+3.8 (110) 10.1£2.7**(186)
+0.4 ppm Oz

4.0 ppm NO:  6.3%1.1 (97  8.7+1.5%* (154 8.9+1.8 (135  9.0£1.2 (115  8.7£2.4" {160)
+0.8 ppm O3

Values are expressed as pmol/mg of homogenate protein {mean + SD, n=§).
*p<0.05, **p<0.01, ** *p<0.001.

2 &EF ot —H, 0.8ppm Oz MEFF Tix, 1 HHIHMEID9% (p<0.05) il&T T 295, 4
B HRCI08 Bicid, 215% (p<0.001) K 1¥193% (p<0.05) i2 F THM L /2o NO,» & O DEAE
BT, 18EASHMEBEETHNERLZARL, 0.4ppm O3 4 ppm NO2 IZ LB F FF 00— 4
P-450 D00 % IR S 27205, 0.8ppm Oz (2 X BHMOFE SV 4 ppm NO2 12 & 5 TR S 1

Wiz 2wy —4A@NADPH-F b 7 U — A P-450B TTRERTEPE LM L 7245, ¥MoOESViE, + +
20— A P450L D/ANE1A~22%Th o7 (K3)o F b2 U — 4 P-450085 & L RIS, 4 ppm
NO; &0.4ppm O3 DG IGTEIM L IR S 272, —7F, NADH-F b 7 U — Abs BITBEREMII,
TRCOBRBEHIIBWTHBLEELER S h o7 (K4),
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F* 3 NO, & O3 BEICLAMI 20y - AONADPH-F » 20— A P-4508 T
BE 0L

Table 3 Changes in the NADPH-cytochrome P-450 reductase activity of jung micro-
somes during exposures to NOz and O3

Exposure time (days)

1 4 7 10 14

(%) (%) (%) (%) (%)
Control 7.3+0,7 (100) 6.5£0.7 {100) 7.0+£0.5 (100) 6.4£0.9 {100) 6.1x0,7 (100)
4.0 ppm NO:2 6.7+0.5 (91) 7.31£0.7 (111) 7.6£0.7 {108} 6.2+0.7 (97) 6.6+0.8 {107}
0.8 ppm Oz 6.5+0.5 { 89) 7.8+0.3%*(119) 8.1+1.1 {118} 7.5+1.4 (118) 7.1+1.4* (115}
Control 5.710.4 (100) 6.110.6 (100) 5.6x£0.5 (100) 5.510.6 (100) 5.9+0.4 (100}
4.0 ppm NO: 6.510.6™ (114) 6.310.2 (103) 6.4+0.7 (113) 5.9%£0.4 (107) 6.84+0.6* (115)
+0.4 ppm O3

4.0 ppm NO: 5.6+0.7 (97 6.6+0.3 (108)  6,240.2 (110)  6.0%+0.6 (109) 7.1£0.6%*{122)
+0.8 ppm Oz

Values are expressed as pmol/min per mg of homogenate protein (mean + $D, n=6).
*p<0.05, * *p<0.01.

= 4 NO, & O BFIIBMIZ OV — L0 NADH-F 20— 4 by RITEEE
TEHED AL

Table 4 Changes in the NADH-cytochrome bs reductase activity of tung microsomes dur-
ing exposures to NOp and Cs

Exposure time {days)
1 4 7 10 14
(%) (%) (%) (%) (%)
Control 40.4+4.5 {100) 33.9+8.4 (100) 42.6£2.6 {(100) 38.5+5.2 (100) 41.2+4.2 (100)
4.0 ppm NO=2 39.2+4.6 (97) 40.244.2 (119) 45.0+6.7 {1068) 41.244.5 (107) 37.3x5.0 (91)
0.8 ppm O 37.244.2 491} 40.0%2.5 (118) 48.8+46.2 (115} 41.5+7.7 (108} 3®A+2.1 (93)
Control 51.6+4.5 (100) 55.5+8.1 (1000 55.446.8 (1000 62.5+8.3 (1000 49.7+£5.7 (100)

4.0 ppm NQ2 56.1£5.7 (109) 65.317.2 (118) 59.745.6 (108) 54.8%2.6 (88 48.0+5.4 (97}
+0.4 ppm O3

4.0 ppm NOz  45.943.2% ( 89) 63.5%7.6 {114) 61.645.5 (111) 96.2:4.9 (900 52.8x4.0 (106)
+0.8 ppm O3

Values are expressed as nmol/min per mg of homogenate protein (mean + SD,#=6).
=
p<0.05.

3.2 F:70V-LOBTEERICRIET NO: & O: DER

0.8ppm O3, 4 ppm NO2, 6 TFIZ 4ppm NOz & 0,41 120 8ppm O; OESREX, HBHORED
M, FFERES 2 — PR 20y - AESORARRICER Y RIZE 2h oz, L LEDS,
WTNOBRFEH BV TLF Py u— L P40 ROETHRO HR7, 0.8ppm O &EE, 1 H
Bicd k70— A P-4508 R4 3HERED46% (p<0.01) 2 F TR F 3720 4 ppm NOp DB
b, 1 BHICHBEROY% (p<0.01)ic@d L4, 4 BEIEIBROL VI ETRELI4H
B CHBEOL~NLIIE YT 57/ (#%5), 4ppm NOz 120 4ppm X HE0.8ppm O3 &MY B &\
TROHELEMERICLLF 70— A P40 ROE T RER SN, MHBIIRERHELCS
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E 5 NO;& QyBRBIZIEZNIZ0V—L0OF 70— 4 P-4505EOE1E
Table 5 Changes in the cytochrome P-450 content of liver microsomes during exposures
to NO, and O3
Exposure time {days)
1 4 7 10 14
{%) (%) (%} (%) (%)
Control 55 = 11 (100} 53 + 12 (100) 59 10 {100} 50 £ 19 (100} 52 + 10 (100)
4.0 ppm NO2 32 £ 02**(EN 4+ 11 (D) 57 + 28 ( 96) 37 £18 (733 44 x 9 (101
0.8 ppm O 26 £ 8**{46) 50+ 11 (95 s58 412 (98 42+ 17 (83 524 4 (10D)
Control 51 £ 4 (100) 50 + 10 (100) 40 £ 13 (100) 42 = 9 (100) 40 & 9 {(100)
4.0 ppm NO: 3£ 1% (73 61 £ 13 (122) 30+ & (75 313 (90) 20+ &*{5])
+0.4 ppm Os
4.0 ppm NO» 32 & 5***(62) 56+ 15 (112) 33 & 12 (1) 45 + 14 (106) 20 + 10* { 49)
+0.8 ppm Oz

Values are expressed as pmol/mg of homogenate protein {mean * SD,#n=6).
*p<<0.05, **p<0.01, ** *p<0.001.

WOHBH ORI ST CHFIET LA SGEHICHTL, —F,

NADPH-# F 7 T — A

P-450BICREFRIERIE, 0.8ppm O RFE 1 HE THIERED59% (p<0.0D) KT LA, HELE
I REL o7 (#E6).
HIZ0—2DF FrO0— Lo &b, NO & O DEBNIIHESERIIINETFTLAED),
0.8ppm O3 £33, 1 BUI0H BIZHEBHD67% (p<0.001) BUBI% p<0.05) 2P s ¥7, 4
ppm NO, BE O EILRIZ, F 7O~ Lbs HE% 1 HECHBEDT6% (p<0.05) iCHL S w78,
IWHBEOHFICET S€7%2, L Lad™s, NOE Oy DHAERR, SV AHMTOF Fra—

Lbs GREET SR ERB I/, HELWA L, 4 ppm NO;+0.8ppm 03 B3 7 B HTH

BENTBE RN » 720 NADH-F b 7 O Lbs BT EDMIL, 0.80pm 0: R E 1 R4 HHE

= 6 NO»& O3 BEICEL AN I ZTv—~ 40 NADPH-F | # O — 4 P-45087%
BEEREEOEL
Table 6 Changes in the NADPH-cytochrome P-450 reductase activity of liver micro-
somes during exposures to NOz and Oy
Exposure time (days)
1 4 7 10 14
(%) (%) (%) (%) (%)
Control 19.5+4.1 (100)  25.6+3.0 {100) 19.7£3.2 (100) 26.0%5.4 (100} 22.4+4.0 (108)
4.0 ppm NOz  15.222.7 (78) 26.4%1.4 (103) 22.1%4.4 (112) 21.5£3.5 {83) 21.6+2.6 (96
0.8 ppm 032 11.541.7"*(55) 23.743.7 (93) 21.4%3.C (108) 20.3£2.9 (78) 22.3+3.1 (99
Control 17.1£2.4  (100) 17.545.1 100y 20.54+4.2 (100) 15.0+2.1 {1000 15.8+1,7 {100}
4.0 ppm NOz  17.6+3.0 (108} 20.6x5.8 (118 22.1%4.6 (107) 17.4+2.4 (116) 16.3+1.9 (103)
+¢.4 ppm Q3
4.0 ppm NOz  15.8%2.3 (92) 16.4£3.5 (94 19.8+3.5 (970 16.844.5 (112) 13.4+3.2 ( 85)
+0.8 ppm Oa

Values are expressed as nmol/min per mg of homogenate protein (mean £ SD, r=6).

**5<0.01.
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A BB 0254% (p<0.01) T IF78% (p<0.05) 42 L7z (K 8)o dppm NO: REILI - TH 1R
0100 B IS EEBENDT71% (p<0.05) B UT6% (p<0.05) I@As Lz, LA L&A, NOz & O3 D
SEH T, UARNOREMHPEELRIZEESRT, LA, 0.4ppm O; FHEFTWHHI
R EE 0134 % (p<0.05) 123 Tl L7z,

# 7 NO: kO BBIIAZRI YOV —LOF by T—L4 b FROEL

Table 7 Changes in the cytochrome bs content of liver microsomes during exposures to

NO2 and O3
Exposure time (days)
] 4 7 10 14
(%) (%) (%) (%) (%)
Control 58 £ 4 (100) 50 £ 4 (100 53 £ 7 (100) 51 £ 5 {100) 46 £ 3 (100
4.0 ppm NO2 44 £ 5% (76) 51+ 4 (100} 44 £12 (84 4L = 4*{80) 43 5 (93
0.8 ppm Q3 38 £ 3***(67) 52+ 6 (103) 4l 4+ 4 (78 42+ 5T (8) 43+ 5 (94)
Control 40 +5 (100) 44 + 8 {100) 44 £ 4 (100) 42 = 4 (1000 44 = 2 (100
4.0 ppm NO: 34 +7 {(8) 65+£23 (1500 39+ 5 (8 46+ 3 (12) 45 = 3 {101)
+0.4 ppm O
4.0 ppm NO2 35 £ 4 (89) 55 % 23 {128) 36 + 5% {82) 40 £ 6 (96) 39+ 7 (88)
+0.8 ppm Qs
Values are expressed as pmol/mg of homogenate protein (mean + SD,n=6}.
*p<0.05, ***p<0.001.
# 8 NO»& Qs BBICIAFIZT VU~ LD NADH-F F 20— 4 by RITLEEHR
T2k 514
Table 8 Changes in the NADH-cytochrome bs reductase activity of liver microsomes dur-
ing exposures 1o NOz and Oy
Exposure time (days)
1 4 7 10 14
(%) (%} (%) (%) (%)
Control 367 + 53 {100) 316 £ 43 (100) 294 + 54 (100) 277 + 42 (100) 231 + 40 (100
4.0 ppm NO: 260 & 41* {71) 259 + 46 (82) 275 £ 51 (94) 211 £ 21* (76) 232 23 (100}
0.8 ppm Oz 197 £ 38**(54) 247 + 20% (78) 277 £ 34 (94 224 & 38 (81 252 x 41 (109}
Control 213 £ 40 (100} 267 + 18 (1000 377 + 82 (100) 242 + 29 (100} 295 + 35 (100}
4.0 ppm NG 152 + 31 (71} 270 + 48 (101) 287 £ 31 (79 324 % 60* (134) 300 & 16 (i06)
+0.4 ppm Oz

4.0 ppm NO: 171 + 32 (80} 273 + 70 (114} 285 + 38 (76) 248 = 67 (103) 232 + 34 {89)
+0.8 ppm Oz

Values are expressed as nmol/min per mg of homogenate protein (mean + SD, n=86).
*p<0.05, **p<0.01.
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3.3 B370V-LOBTEERICRITT NO: &£ O; OEF

BROFEZA - PRIz 0y - AESOEAEEE, FFROBES LRI, NO2 & 030K
MIXBEESEBIIINERE S N Dol —H, 3708 Y-40OF 70— 4 P-405&E
NADPH-F k7 U 4 P-450 8 TBE WML, AELE®R LR LA (K9, 100, F 7 T—A
P-4505 813, 4ppm NO, £F 1 A B THIBREM58% (p<0.05) 103 L, D#BWEH T, |T
B %R L7, 4ppm NO;+0.4ppm Oy FETIL, F F 7 T— A P-450&E & NADPH-F F 70—
A P-AS0RTTREEEMNEE 1 HEICHEREO L £197% (p<0.05) £ 138% (p<0.01) (2L, B
ZIOHB E CEMIZIET LA, BI20V—5A0F b 20— Ab SERUNADH-F F 20— 4
bs BABMEEH RV IThORER COARL BT RE Lo 72,

£ NREBRBILILIBIZUY—20F 70— P-4505EOEL
Tabte 9 Changes in the cytochrome P-450 content of kidney microsomes during expo-
sures to NO2 and Oy

Exposure time (days)

1 4 7 10

(%) (%) (%) (%)
Control 4.7£1.5 (100} 5.1+1.9 (100) 5.7x£2.0 (100) 7.6+2.4 {100)
4.0 ppm NO: 2.74+0.9* { 58) 2.74£0.7 (54) 3.8+1.3 (67 6.4+2.9 {84)
0.8 ppm Os 6.7413.1 (141) 3.6x1.5 (72 4.8+£2,7 (8) 10.74+4.1 (141)
Control 4.6+2.2 (100) 5.0+1.9 (100) 8.11+4.0 (100} 8.3x2.9 100y
4.0 ppm NO: 9.1+2.4™ (197 6.6£2.2 (132) 7.4x2.2 (94) 7.2+1.5 {87)
+0.4 ppm Oz
4.0 ppm NO: 4.0+1.9 (8N 3.8£1.7 (") 8.411.3 (104) 57£2.5 {69)
+0.8 ppm Qs
Values are expressed as pmol/mg of homogenate protein {mean + SD, n=6).
*

p< .05

F 0 NO L O BREICLEAHIZ 0/ — LONADPH-F | 2 0 — 4 P-4508 7
B Zikts 0%k

Table 10 Changes in the NADPH-cytochrome P-450 reductase activity of kidney micro-
somes during exposures to NOz and Oz

Exposure time {days)

1 4 7 10

(%} (%) (%) (%)
Control 2.6x0.5 (100) 2.74£0.3 (100) 3.0£0.5 {100) 3.6£0.5 (100)
4.0 ppm NOz 2,504 (97) 2.910.7 (109) 3.240.5 (108) 3.3x0.6 (92}
0.8 ppm O3 3.3+£0.7 (128) 2.6+£0.2 (96) 3.1£0.5 (104) 4.60.3 (128)
Cantrol 2.3+0.3 (100) 2.0+6.2 (160) 2.0+0.3 (100 1.9£0.2 {100
4.0 ppm NO: 3.140.4%*(128)  2.0+0.3 (105) 1.8£0.2 (91) 1.6+£0.2 (84
+0.4 ppm Oa
4.0 ppm NO:z 2.8+0.8 (123) 2.0x0.2  (100) 1.940.1 {91 1.9x0.2 (97}
+0.8 ppm O3
Values are expressed as nmol/min per mg of homogenate protein {mean + SD,k=6).
**p<0.01.
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4 % =

5y MINOFHHBEZTAL MEUNI 0V - AOBTRERARSTREMIIHLT 2
89 = gAdnd, F b7 -4 P-450& NADPH-F b 7 01— A P-450RTEREZE X 1) 70 2 808
RITHERENE L, FrrO- 2 P-A504 L BELELE R Lz, KEROFERDS, N0 &
Os DEEGREFZICL - THH, W, Mo sov - 2B TFEERERSS, Fhro— L4 p-450
SRIEIEELERERT IEIHL IR 7,

Mizray—adF s ya—-sP-450F81E, 0.8ppm O OMARZE I BEICEH L LA, 40
HECiofmLI4A B CEVES ST Y. SO, 4ppm NO, £ OESICE - THE S
iz (F2), MO NO, & 0 OHEIZ L A LHHEIL, NADPH-F k7 0 — 4 P-450:27T
BEESMETLEIE SN/ (3 3). 4 ppm NO2 R UF0.8ppm Oz B R BER, WIruv— 28T
EERET TR DL, NOz & Oy OHARBERA A ARMTHORTHR BRI /-GS
~8). FMEOMBRNTIER, B3 /0v - L0EMNHRESICOWTLBIE s/ (9, 10),
CLAAta T, NO: & Oy OEMEBERICLIMEI 70V - AT HERKS~OER L, AR T
R LRI AOESIC L VBRS WD LRSI bh s,

MioHOEEEE, 0.8ppm Oa HHBRIZL 5 T4 HEIZHMML 2245 NOz & Oy DEARE S
o, FORMIOOBEFCHBLAE(EL), B, MIsovy—40Fro—L4 P-450EE
& NADPH-F b 2 00— A P-A5ETTRELET ML, NO; & O MR Z TWL3 L 4 HE L BNATE
HHERBEVREEMHBIZBWTYH, NOz & O DEGERICL > THEIRINLA- (2, 3), [
B, BFI70v—6adF 70— LP-40EHED, NO, & O3 DOBEGREICL > THUHEEAE
BEARERLA(ES). cHLHDFERIE, NO2 & 03 DHARBEO—D, BEOFETH LR
METHELTWES, 37, NO: % O BB L hEBMICET 260G 0356, WHAOHESE
MR, TR ERIELILTHLITRMLELLRS,

1.2~4.0ppm NOy % 7 » PIEHRTAMURETHE, W20V —LA0F F 20— bbvs HEAT
FEM IR T 2%, AR OKRESS, 4ppm NO; £0.8ppm O DHMMKBEE I L - THH3
FOV=LDF h 7T by REF R 20— 4 P-4505ROETT A2 VMR o7 (FS,
7)o NOz & 0318, HHICH L THENA ML 22 b 6T LEZ260Tw5, B{EMA LA
NEoTANLDEERMETTAHDT, NOp & O3 B—BMICIEF b7 u-28RHEETSELE
M EFFOWREMDEZ Sh b,

30 X B
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I-12 Zv MREOI RN —SHSRICKRITT
ZRIEERELAVOORRESRBOZE
Effects of Intermittent Exposures to Nitrogen Dioxide
and Ozone Alone and in Combination on the

Energy-Generating Systems of Rat Tissues

Beorwmyl - SEE L phs 0 2@ S EEEE . Bk !
Katsumi MOCHITATE', Yuji TAKAHASHI', Shinji TAKENAKA'Z, Takashi MIURA!,
Meiji KAWATA! and Manabu KUNIMOTQ!

E g5

Iel © Wistar RDBET » MIC, 4 ppm NO;z 0.4 ppm X 130.8 ppm O DHFh R A4
AT 4EBMEXREE (Th/d) L, W TR FROTALF-ELRIINTS NO, & O
OHME CEGEREORE R Lz, £/, 0.8 ppm O IR REEIZ L AR RESEN
LS HEEF L7

ARNEBY L EELI ANV -BERTHLI MY FU7PHRAIRIZT NG &
O: OFBYRFRTHLHIC, M, FREVUBTRO 785 220 — Lo BUEEES
FWE L7, 4ppm NO, £0.8 ppm O3 DEMBHFTIE, BROMPVTFhoOBHRCBW
THHEREHELIIZEAYBD b olze L L%AS, 4 ppm NO;+0.8 ppm
0s BHERME, MIZBVT LR, FRICHWTL, 7, MABCHEICEY L, %E
O, 4ppm+04ppm O XL - THLURBEBRIIHL L, —F, BRoa 7§
-F b U= A RTEBEGRER, 0.8 ppn 0; BFICL D IOR BISHEISHM LA, 4
ppm NO;+0.8 ppm O3 B2 TF 4 ppm NO2+0.4 ppm Oz ZEIZL B4 4AH R 7T AEIH
BhEAxm Lize ThOOERIE, NO L O DESEEN, T b FY7hany
B-Frro-sc RUEHEFEEHENGCET S22 TRETRELTWD,

WilBAEBELI AT —ELRIBERTH L, BEROEEBEEME LTV
MOYLE - BEF— (PK) &L, 0.8 ppm O, MK UF 4 ppm NO, & DEERE4
OHKREEOFELMMER LA, £/, 4 ppm NOp BTF0.8 ppm Oy DHIMETE L,

1. B AEHRE BUgEET 7305 KRB NI EIRETAEI6% 2
Basic Medical Sciences Division, the National Institute for Envircnmental Studies. Yatabe-machi, Tsukuba,
{baraki 305, Japan.

2. Present address: Fraunhofer Institure fir Toxikologie und Aerosol forschung, Nikolai-Fuchs-Strafe 1.
D-3000 Hannover 61, F. R. G.
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Moy na—2-6-1 BEEKEEBEE (GSPDH) iSHTHMEE, 4 ppm NO, L0.4 ppm
i30.8 ppm O3 DEEHET L FREISEHEHNS €72, Lz oT, NO2 & 0; DS
BF 2, WO PK RUTGEPDH LM E€ 24, AL DRERE ed 7,
0.8pmO; ¥MAREFLAT v FIETHE, 1ABICHREAhOEEEE HES L
oo BEMBHICK, MaBolRE R, JORER, MAFoRFER#ECHEN
&R BRI DI L B L E X S,

Abstract

Male Jel: Wistar rats were exposed to nitrogen dioxide (NOg, 4.0+0.08 ppm) and
ozone (02, 0.4+0.02 ppm and 0.8+0.04 ppm) alone and in combination daily 7 hours for
14 days to examine the effects of single and multiple gases on the energy-generating sys-
tems of lung, liver and kidney. In addition, pathological examination was performed on the
lung exposed to 0.8 ppm O

The succinate-cytochrome ¢ reductase activity, a limiting-step of the mitochondrial re-
spiratory system of lung, liver and kidney was not altered signigicantly by exposures to a
single gas. However, exposures to the mixture of 4 ppm NO; and (.8 ppm O decreased this
enzyme activity on the first day in the lung and on the first, seventh and fourteenth days in
the liver, Similarly, exposures to mixed gases reduced the succinate-cytochrome ¢ reductase
activity of the kidney. These results show that the effect of each individual gas is au-
gmented by combination of the two in luang and liver,

The activities of pyruvate kinase, a limiting-step of the glucolytic pathway, and glu-
cose-6-phosphate dehydrogenase of the lung increased during exposures to 4 ppm NO; and
0.8ppm O3 alone. Combination of NO» and Qs also increased these activities, although the
magnitude of the increases was not augmented.

Exposures to 0.8 ppm O3 resulted in necrotic response of alveolar walls on the first day.
On day 14, however, the alveolar walls were thickened owing to the increase of collagen fi-
bers and alveolar wall cells.

1 Ui

TR EINO EF V0012, KEFPUEFETAFERAF SV FThb, MA R,
BRI ASNE E 7 =2 VAN E UESEGIIN L TN CAERTLLELZLONT
VaY, TR CHEMERE O NO: B O; HIMBEIZ L 20PRBOREEN, A LFEMERC
onT, FLDW|EFRLEINTES,

NOz B OF Qs DiEMEEIC L 2HEANENRE LTI, S RENERTHIMIBWT 1 8K
B bR dIR A vy, 20K 08 MRS, SbLCEEBEEERLI LML NT
WBPE g EEEAELE LT, ER IR OS5 AT Dl
ML EEeENTVEY Y D h o ORI, EERELE, IS 2o 250
FOBELEIEEEZ LR TV b,

Feaid, ZhETI20.4~10 ppm NO: DEFEAEN, HAMREZERT0.2~0.4 ppm O; DEF S
BRCLAEENBELRHL ALY, 2oE, BYAE, FRENERTH IO

—118—



BiRR AL F - R MO RE

IANF—EEREBYRBRIEELRITTOA LT, HREVEBOEYRHRIILEEY
BEZENHBNIE 57,

EFFFE T, NO, & O DEMECHA TOBRBEE LTV, TAVF-{IGRIZKITTHEIC
DWTHE Lz, 377, 03 BUMBHIC L DMiOREFNRH LT o7,

2 B &k

2.1 RERHRUHBORR

Jel: Wistar 2% » b (18~22384) 12, 4.0%0.08 ppm NOz B T¥0.4+0.02 ppm X1 0.8£0.04
ppm O3 X BME 2EWETHUEMBREE L2 FAREE, THIMNI SFR4BEITIHT
BERATV, FRARBRBPRETS 2 hh ol Fy =960 » OB LG, FAEFILE
BRHINIITo/o —H6LDT » FEREBRLLM L H0.95%NaCl il % #E L THEH oM
TEEBE7z, B, PR OB % 10mM ) R RS (pH7.4) % &¢:0.15M KCl Bl TF »
B—RFEY AN -2 ACTFEVFA L L, SOFEZAZ—FEFVWTI ba s F)7o0
NIBE-F My O— LA BUGEEBELEE LA, 42, WREIV A - F%105,000X g 6055550 L
TR SN LiEHES BT EERREE R EE L7,

2.2 BESIHORNE

INZEE-F b0 — b RITEWEERE, Sottocasa 5V OHIEC L D BIE L. MASEREC
IOFABLAI I FYTESEFE - FOXBEFEL L B LR, ARLZS oY
N 7B TRIENESE LCETT20T, AFETRFET 42— bRV Tansg-+12
U— A RITEBEEEEME L,

ELE ST —H P RUT VD —Z-6-1) »BEBKERSE (G6PDH) DI, %4 Staal'”
B.UF Bergmeyer &'® @125y, Mochitate & IZE L 2B HETHIE L7,

fiAESA— PRPLEESOBEEERIR, Lowry 5P OFETER L,

2. 3 EWOBEFHHAR

MiOTREFMEBRIIL 5 TR, BEEICA L 77 — VAR C & 5FEERTC, BEiEo
SEWIEARIL L AFERE Y T o0 AEDH20em KIFET, RF2.5% 7 VF— LT LT
FREZH/0.18MA 3 ZA®EF + U 7 LR (pH7.4, BEE330m0sm) ¥ 88, HHEA L,
FHOREE LMo LRI L, REMFERE L, KB, ~< by - oA
it v,

2. 4 FEEORE
ML RBEROMOAEEE, FROLEFHHE, Student @ ¢ RE X Welch O+ REET
%’\“f:o
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3 & B
3.1 B, KR, BROANIE-FIO—4 c BTBMEEHICRET NO, &£ O, DEE
ERAIEBIATEEL T ALY ~EERE, I b2V NI TERETARERATHL, IV K
~Fhru—LcBRBERE, PRROBHEEE 25 Tw5, #2T, NOp & O3 OHEIE IS
TOWa T AN F—FEALRZAOBELRET L1010, I, HE, SWoa s#-Frro—2»
cBICEREULRWE Lz LU, BOa sB-Frru—LA: BTRESEOBLERLY,
4ppm NOz £ 0.8 ppm O3 DHEMBE T, HELEMRELEBED LN L o728, 1 HBKRD
N %R L7z ROC O REFETHET R4 BISHMT 5 A EE S N7, 4 ppm NO2+0.8
ppm Oy BEH TiZ, 15 HICHEHEOT6% (p<0.05) 1284 L7 %108 Bis i3 BEEO L~V [E

# 1 NO; BRUO: BRFICEBMO NS BE-F1 5 0—Le BITBEFEOEL
Table 1 Changes in the succinate-cytochrome ¢ reductase activity of lung during
exposures {0 NO; and Oz

Exposure time {days)

1 4 7 10 14

(%) (%) (%) (%) (%)
Controt 3.0£0.4 (100)  3.1+0.5 (100)  3.240.5 (100)  3.1+0.5 (100) 3.2:+0.4  (100)
4.0 ppm NO2 2.5+£0.2 (85) 2,6+0,3 (8) 3.1%0.3 (9  3.1£0.2 (103) 3.440.6 (105)
0.8 ppm 02 2.5+0.3 (85  3.140.2 (100) 3.6+0.2 (111} 2.8+0.2 (93  3.7+0.4 (115)
Control 3.0£0.4 (100)  3.0+0.4 (100)  3.0£0.4 {100)  3.0£0.4 (106)  2.940.3 (100)
4.0 ppm NO:2 2.9+£0.3 (97)  2.840.2 (89)  2.940.3 (97) 2.840.3 (93  2.7+0.2 (93)
+0.4 ppm O2

4.0 ppm NO: 2.0£0.2* ( 78) 2.840.3 (949) 2.7+£0.3 (90 3.1£0.4 (103) 3.0+0.5 (102)
+0.8 ppm O

Values are expressed as nmol/min per mg of homogenate protein {mean * SD,n=6).
]
p<.0.05,

2 NOEBRUOEFIILAFMOINYHE-FLru—-ie BEBEEROTL
Table 2 Changes in the succinate-cytochrome ¢ reductase activity of liver during expo-
sures to NOz and O3

Exposure time (days)
1 4 7 10 14

(%) (%) (%) (%} (%)
Control 227 £ 12 (100) 235 £ 15 (100} 280 + 50 (100} 236 & 31 (100) 230 + 17 (100)
4.0 ppm NO:= 206 £ 31 (81) 234 £ 20 {100) 255 + 22 (91) 206 £ 20 (87) 224 + 16 { 98)
0.8 ppm Qs 195 + 30 (86) 208 + 22 (88) 258 & 14 (92) 225 £ 196 (95 223 + 14 {97)

(

(

Control 228 + 25 (100) 250 £ 20 (100} 270 + 24 (00} 226 + 16 (100) 226 + 16 (100)
4,0 ppm NO: 253 £ 12 (110) 216 + 25 (88) 230 + 24 {8 233 £ 20 (103) 197 + 13* ( 87)
+¢.4 ppm Oa

4.0 ppm NO: 228 * 26 (100) 175 £ 21* (71) 207 + 32* {(77) 283 35 (103) 190 + 23* ( 84
+0.8 ppm O3

Values are expressed as nmol/min per mg of homogenate protein (mean * SD,n=16).

*p<0.05.
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Pl e L

BT A LF R LEERE

#HLi

WEME D 2 7 B-F b 2 10— Lo BOCREREML, NOp 0¥ 03 ONMRBHEIT L VIR T D8
MR LESRERICL OV EEICEL LA (#2), 4ppm NO2+0.8 ppm O REHTIE, 4, 7,140
BioBEBEORAT1% (5p<0.05), 77% (p<0.05), 84% (p<0.05) (T84 Lz, 4 ppm NOz +
0.4ppm O3 HEHTH 148 BIZHBBRE D87 % (p<0.05) (2 L 7=,

BEROINZE-F O — L BTUEERENE, 0.8 ppm O BMEZF TRBMERTRL, 10
HEBIEHBHEHO123% (p<0.05) 128N /- (8 3), L2 L%&2T50.8 ppm O3 {2 4 ppm NO; * if
MLABESRERTIROIC AR RFOONL Y, 40 BICIZBEDTSY% (p<0.05)
VA L72e 4 ppm NOp+0.4 ppm O; RHEHTH 7 0 BIZHBHD82% (p<0.05) I2b Lz,

# 3 NORUFOEECLABRO I I E-F 40— 4 o BTREELEOEL

Table 3 Changes in the succinate-cytochrome ¢ reductase activity of kidney during expo-
sures to NOz and O3

Exposure time (days}

1 4 7 10 14
(%) (%) (%) (%) (%)
Control 156 21 (100) 138 £ 11 (100) 123 + 23 (100) 127 + 11 (100) 164 £ 10 (100)
4.0 ppm NO2 166 £ 17 (107) 136 + 16 (98) 116 + 13 (94) 141 + 19 (111) 161 + 20 { 98)
0.8 ppm O3 166 + 15 (06 151 4+ 20 (110) 116 + 7 { 94) 156 + 16% (123 181 + 28 (113
Control 48 £ 12 (1000 135 £ 17 (100} 133 + 12 (100} 145 + 20 (100) 177 + 23 (1C0)
4.0 ppm NOz 152 % 13 (102) 152 + 18 (109) 110 & 10* { 82) 123 + 22 (85) 167 + 32 { 84)

+0.4 ppm Oz

4.0 ppm NC: 153 £ 13 (103) 112 £ 24 (8) 122 £ i6 (92) 138 + 23 (96) 132 £ 20™ { 75)
+0.8 ppm 02

Values are expressed as nmol/min per mg of homegenate protein {(mean £ SD, n=6).
»
p<0.05.

3.2 HOBERMEIEMCRET NO & O0; DER

BT ANTF-EERFIBRERTITDATWA, T TIXEESIZ 2 ~10 ppm NO;
¥7 9 FICHEBRREBL, MOMERBEREGELE Lo 2-6 -1 2 BHAERE (GSPDH) EH 4
BT A EEWHLAIILTERLY, BRABEOTCRYLE Y B+ —C P IR BEEL
BMER LT, ABRTIE, NOp L O OBMRFEIHOMBER IR TEEHTEHES O
PRIEMRHET B2 L0t o THETL 72,

F 413, 4ppmNOz £0.4 ppm L1308 ppre Ox DHIMR UM A BB AWM T EME S ORALR
CRIFTHEER L7, 0.8 ppm O3 BEH T 7 HHICHERED119% L 1gntEM %77 L7, 0.8
ppm O3 {2 4 ppm NO; %I L - WA RBHTIE, 2% 1 0B CHRE0122% (p<0.05) (23 L
R EDBMBEHOL NWIEE 72, FOMORER TR, FLALEELAED o7

FOHIRLA L i, T EMES O PK &M, 4ppm NO; BER CRAELELETR 40
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#* 4 NO: RUFOQ.B#F LA LiEdomaEori

Table 4 Changes in the supernatant protein of lung during exposures to NOp and Qg

Exposure time (days)

1 7 14

(%) (%) (%)
Control 38+ 6 (106} 44+ 4 {100 46 £ 3 {50
4.0 ppm NO2 37 & 2 (98 45 = 1 {103) 48 + 2 (105)
0.8 ppm O3 41 £ 2 (109 52 + 6 {119) 46 + 2 (100)
Control 7 + 3 (00 46 = 2 (o0 6 + 4 (106}
4.0 ppm NO: 43 £ 3 (92 49 + 4 (107) 4 £ 4 (95
+¢.4 ppm O3
4.0 ppm NO: 58 + 7% (122) 49+ 2 (105 48 £ 3 (102)
+0.8 ppm Oz
Values are expressed as mg protein/lung supernatant {mean % SD,n=6).
*p<0.05.

# 5 NO, BRIFO.RBIZIAMOY VY LB —VigttoBik
Table 5 Changes in the pyruvate kinase activity of lung during exposures to NO2 and Oy
Exposure time (days)
1 7 14

(%) (%) (%)
Control 21204330 (100) 1840+ 50 (100) 1880+ 80 (100}
4.0 ppm NO: 21104170 (100) : 1890+ 90 (103) 18904110  {101)
0.8 ppm Os 1980+ 50 { 93) 1680+120* { 91) 2110+ 50 T (112)
Control 18104 20 (100} 1960+ 60 {100) 1950+110 (100}
4.0 ppm NOz 1880+ 70 (104) 1940+ 40 { 99 1880+ 60 (102)
+0.4 ppm O3
4.0 ppm NOz  1730£240 ( 96) 1970+ 40 {101} 2250 +110%  (115)
+0.8 ppm Oz

Values are expressed as nmel/min/g supernatant protein {mean + SD,n=4§).
*p<<0.05, * **p<0.001.

70 0.8 ppm O3 BHETILT H B ICHIEEDI1 % (p<0.05) 125 L 745, 14H B 12 BEED112%
(p<0.00D) 12N L7 7, 0.8 ppmOs+ 4 ppm NO; BHEHTL, WHHICHBREO115% (p<

0.05) iimL 722

G6PDH i3, BEEN AN E B2+ 2 L 40iC, MBIC BT 222 NADPH BER TH D,
NADPH i, BEtWRERCET*MSTIRTR NS 74 OERIZVHTH H, FEFESE
Mid, 4ppm NO: DEMBEZE TR 1 ABARY 7 BRICE A BHENI8Y (p<0.05) R TF110% (p<

0.01) ko3 h L7 (32 6), 0.8 ppm O3 BFE T,

1 BB RUIAHBIE AW BEEO115% (p<0.05)

BUF114% (p<0.0D) IZHM L 720 NOz & O3 WS FES £ /- GOPDH & MINS ¥/, 4 ppm
NO, & 0.4 ppm Oy HARTE T I HERY 7T BHIZE4WBIEO109% (p<0.01) R U¥108% (p<
0.05) {2l 7e 4 ppm NO, 0.8 ppm O3 WEARE T 7 BHR P 4H BIZ K 4 1 BB D118% (p

<0.001) R Uf112% (p<0.01) (28 L 7o
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#* 6 NO: BUFO,ZBIZLAMOF A —2-6-1) EEARERSEEEOEL
Tabte 6 Changes in the glucose-6-phosphate dehydrogenase activity of lung during
exposures to NOz and O3

Exposure time (days)

1 7 14

(%} %) (%)
Controt 104 £ 13 (00 104 £ 4 {100} 107 £ 6 (100)
4.0 ppm NOz 123 & 5™ {118) 114 £ 5™* (110} 110 + 5 (103)
0.8 ppm O3 120 £ 4™ (115) 102 £ 8 (98 122 4+ 5%* (114}
Control 101 £ 3 (100 105 + 4 {108} 111 + 6 (100}
4.0 ppm NOz 110 £ 4™*(109) 113 £ 5% (108) 112 + 4 (101}
+0.4 ppm O3
4.0 ppm NOz 161 + 1 (100} 124 & 7***(118) 124 £ 4**{112)
+0.8 ppm O3

Values are expressed as nmol/min/g supernatant protein {mean = SD,rn=6).
*p<0.05, **p<0.01, ** * p<0.001.

3.3 O;BRRBBI L IMOMEENEL

0.8 ppm Q3 @ 7 M BRHEIZ L - T, WEBHABROLHBREIBESRAZ (R, 2), £E4H
BiZid, BELASRBEORBRELENZD N, S5l rsn 7y~ VOBELBES
M7 (E3),

B4z, FFUHBICBTA2MAEZRUMBELR L2, JORRATE, BS»Chitagom
BARGWE SR, ZoRRR, BEToBRAERNR U BER oM E - Twz(B®5).
T/, BEOHBHMAE S-S s s hi (K6,

4 ¥ =
TR BE R 4 B > TV 2 1 BB LRI, O3 % NOp BEISH LT b b B WY,
Stephens 524, 0.5 ppm O3 % 2 ~ 6 WERIBE T2 & [ Bl LMl AES o igEL+SHa S
&L TWwh, KBTS, 0.8 ppm O: THHSEEZITRMBIZBWT, ik LAk
P A IS S R (1~ 3), 0.8 ppm O3 RE T, 128F0 H (MM LR MM OB AT
BARELEAZEFAGNTWAY, Z21LT, Wil [ B EEMRAEERET L 2, ik 1R LA
Mapshei L 1 BURLIC b T 2 £ 2 6 TWwBESE, Lo Lads, 0 BB - THET A5
Foll B L s MR, 180HMIOREICL > Thac IR@RA~GET 5 Lidk , (LBHIE
PELBIBERE LT EoTwaY, CnETIIERSI, 2~10ppm NOp 7 v MIEKR
BT 5 EMOMBRBRIHEEIMT 22 &, CoOBIMIE LR oML —RTs v BEL
TELY, ABEIZEV 7 4 ppm NO, DMK EBEIZ L 5 Tid, BHMRABEEEOSEIRDOLN
VA, 0.8 ppm O3 BHEIAA BICIERICHIL 72, T ORAT, MiflabEofLF NS S AT
MEOBRAISEETH o7 (H4~6), 10 ppm HifED NO, EHaHEREOBE, 0L LWE
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M 1 08ppmO;BELH 2 @1 oEEkE @ 3 0.8ppmO;BH4N
EEONERY I 1 Fig. 2  Higher magnification of HOI o bl QD EIE
Bl O eI Fig. 1. (H-E, X 164) ) B M B e B R

Fig.z 1  Lungof a rat exposed RUEREoliis s
to 0.8 ppm O3 for one 7y — Y OR
day Fig. 3 Lung of a rat exposed

Dregenerative and desquamative changes to 0.8 ppm Oy for 4

of alveotar wall cells {Hematoxylin- days

Eosin, X 82).

Slight, focal thickening of alveolar walls;
slight increase of alveolar macrophages
(H-E. X 82).

BREFLLBEILT, O:RBIL2WEYMELE RIS TREL S, 0.8 ppm O3 BFIZL D
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Fit 7> G6PDH £, 4 ppm NO:z K 0°0.8 ppm O3 DHMBFET 1 BEASHEIIHML A2 {E6),
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H)o F7-0.4 ppm O3 OVEINE 4 ppm NO 2 & AIEHEHIMOBE S+ BRE S S (KRE, 1 BH),

I3y FYTHRAROBERE L Lo TWEINIE-F by U— Ao BTBEFER, WO
WG NO» JoUF O DEARANI TR %7 L7z (1), T2 4 ppm NOz & 0.8 ppm O3 DHE R
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Fig. 4 Lung of rat exposed Fig. 6 Lung of a rat exposed
to 0.8 ppm O3 for 14 to 0.8 ppm O3 for 14
days days

Moderate thickening of alveclar walls ' Slight, focal bronchiolo-alveolar

{H-E, % 82). ’ hyperplasia (bronchiolization). (H-E,

X 164},
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REBTRD LN Do oDd, REEMAW/IER S DEEL bR,
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Effects of Nitrogen Dioxide on Free-Dolichol Contents in Rat Tissues
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Abstract

Changes in free-dolichol contents in tung, liver and kidney of rats which were exposed
to nitrogen dioxide at the concentration of 4.0 ppm for three months, were examined. By
the exposure of nitrogen dioxide, the free-dolihol content in rat lung was inereased to
133% of that of the control, whereas those in liver and kidney were unaifected.

These results suggested that nitrogen dioxide as an air pollutant affects dolichol eycle
in rat lung.

1 S

Fya—nd, SESRESHKIZOED mediator THDH I EHFHLMENTELY, N-7 Y
O PRSP ETARENER, M- A 7 A BRHLTESRERA ), 1R T
L3102, FU I - MidsEE (Dolichol), TETHRE & @ A7 I (Dol-FA), £ /1) BT 25 I (Dol-P)

1. HyAERElr \BERE 705 KMBHIEEE BB EN16% 2
Basic Medical Sciences Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.
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Dol-FA
W

Bregkdown «—— Dolichol
M LDP-GlcNAc

Pi Dol-P GDP-Man
Glc-P-Dol

Dol-P-P
Dc:l—P—P—(G%cNAc)z-{Mc1J-D¢_;,-{Glc:)3
Nascent protein
Dol-B-p Prote|n~(Gl<|:NAc)2
Man)g-(Glc);
FPP v
A '
Mevdlonate v
Glycoproteins
Acetyl-Co-A

Bl 1 FUa—-AHfsNEN-FY)ad FREELQTOE S
Fig. 1 Utilization of dolichol derivatives in glycoprotein formation
FPP, farnesyl diphosphate.

BUD) YR 27 0 (Dol-PP) & LTHIRIINIZ A+ B 4%, £ DKERS (90% L4 1) V3 s B % 0
TaliE s D27 ARTHBY,
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V- OBHHFEESREY, £/, 59 M7V FI UL RIS L, B
KBIAEE N I-VROES Y y@slxﬂvﬁﬁﬁﬁf%iéawaiﬁ%ménfwa“-”o

KEFRWETHL NV LROE I FU - AR RIIHT2BE % b orEL 2 RET
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Jel: Wistar RHEF » b (SPF) (12:84)124.0ppm NOz % 3 0 H MR E L7, BEETHR, B
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—130—



TEEEEELEO P O - VER

%0.25M BEEE-10mM E\‘JX—fﬁﬁﬁ%ﬁﬂ&(p}l?.A}'C’:k:E‘Yﬂ"%XL, LUV oSBT W72,

2. 2 KFUIa—-JLORR

RN AT SR — S rOT R M A A =21, /) THEEF)I—LEmEL,
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AV TEE, sEit L7z. SR, & 7 4, Zorbax ODS [ i, ~¥ 2 - f v 7as8/ )b -
A2 —n(4 4 12, v/v)  #HeR UVv214nm) Thd,

BEERE, Lowry OFE" - TER LA,

3B R
NO, BREICEWT, HBRIREROY » MOKERVBREZCAEEILZ D 72,

3.1 BRBOHERKNY I—IVER

K212, 55 O, FRUBOREEF) I —Voldlksav k77 L8R L, FEYH
ELT, 7B FY 22— (Sigma) AV,

55 hOW, FFRUEOHEREFY I— WERERTSHH100(C75~C100, 1V F L/ A F2=y
F15~20M8) ) 6 TR S NTEY, BRBICL - THHERHRICEV SRS WA (FEL),
ASMARLTCIS FY) 2 - M EERS Th o, BEHL OB FY 2 —VER, &, B,
FEOMZ A o 726

3,2 REOHESFUI-ILBICRIET NO, DEE
NOy BRENT » OO FY o — VEIINHEOZ IR~ THRECEmMLZ(1.33
)25, IFRUTSOREE N I - VRIDIESBD Ol d o7z (F2), MOBH ) T - Vid

# 1 9 b GIEE) O, FFRUEOEHN) I-LVER

Table 1 Free dolichol compositions of lung, liver and kidney of control rat

dolichol composition (%)

dilichol
Lung Liver Kidney
C75 1.9 5.2 1.3
C 80 18.8 21.9 12.6
C 85 47.3 45.5 46.2
C 90 26.0 23.2 31.1
C 95 6.0 4.2 7.4
C100 — - 1.5
Total{ng/mg 109.85+9.40 49.1514.16 90.46+19.19
protein) (n=4} {n=8) (n=4)

—131—




STANDARDS LIVER
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L 1 1 I | - 1 ] 1
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4 T v b HERRE) MRS MR ) T — LR s e b T A
Fig. HPLC analysis of free dolichols in rat tissues on a Zorbax ODS column

Experimental counditions were as discribed in the text.

Numbers on the peaks indicate the total number of carbons in each dolichol homelog. Stan-

dards, mixture of pig liver dolichols.
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Table 2 Effects of NO; on free dolichol contents in lung, liver and kidney of rat

Lung Liver Kideny
dolichol
control NO2 control NO- control NQO2
(n=4) (n=4) {n=06) {n==6) (n=4) (n=4)
C 75 2.08£0.38 3.2340.22*% 2.58+0.82 1.17+0.12 1.18+0.59 1.46x0.21

C 80 20.60%2.21 31.12+3.00* 10.7540.72 9.09+0.95 11.36%1.42 14.06x£1.32
C 8  52.00%4.81 68.70+3.40% 22.36+2.20 23.57+2.06 41.76£9.05 49.72+2.97
C 90  28.55%2.09 36.04+2.44* 11.39£1.50 13.97%1.23 28.15+6.30 34.20£2.76
C 95 6.62+0.71 6.86+1.14 2.06%+0.24 2.94+0.34 6.6712.04 8.10X+1.38
C100 - — - - 1.3540.54 1.6430.44
Total  109.85+9.40 145.95+9.96* 49.15+4.16 50.74+4.13 90.46+19.1% 109.1747.68

Values were expressed as M2SD (ng/mg protein). *: p<0.01.
Rats were exposed to NO; at the concentration of 4.0 ppm for 3 months.

oI &REEC L - TR2 Y, REFOEVERERMEIT EWINHSE Lo 2. C75, €80, (85,
COOR T COSOAIIRBELT 3T AHmid, F#hFi1.55 1.51, 1.32, 1.26R0°1 45T o7z,
C75 706 CO0 £ THHMCEELEIBH LD, COBIRFERI L -7

4 X ¥
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LEALRTWAY, Fy MCRRICERET AL, FRTFY T L) SHMOMmAE 5Y,
F7, ZOBEAIE o -BEMEELEAIBCHNT A L AR S TVAY, E Tz
F¥IUVERS LTy FOMBCE, BREFUVI-VRFE ) CBIATLOGERIEILD
EARENTVWAY, LAL—FHT, 7B IFAAF ARG LAFTH, #ElNY a-
ARt A25E ) VI AT AOBMIES ST, 36 F)a-—A) YRIEOKE LY
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B, LabEvRIEEIESHMSELVE VI ERYES, SO LiE, RABRYETHD
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NEREHE OBEL E, HERiioWTIBEERT T TH B,
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Species Differences of Lipid Peroxidation and the Related Factors in Lungs

of Various Animals Exposed to Combined Gas of Nitrogen Dioxide and Ozone
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Abstract

To compare the biological effects of various experimental animals exposed to the com-
plexed gaseous air pollutants is very important to extrapolate the effects to human from the
results of animals. In the present study, the changes of lipid peroxidation and the related
factors in lungs of various animals under physiological condition and the animals exposed
to the combined gas of nitrogen dioxide and ozone were examined. ICR mouse, Golden hams-
ter, Wistar rat, Hartley guinea pig and New Zeeland White rabbit were used in experi-
ments.

Marked species differences in lipid peroxide levels were found. The order of the values
was mouse > hamster > rat > guinea pig>>rabbit, and the value for mice was 3.7 times high-
er than that for rabbit. The contents of vitamin E (VE) and nonprotein sulfhydryls (NPSH)
in lungs varied widely among the five animal species. Both antioxidants showed an inverse
relationship with lipid peroxide levels. Species differences were also observed for polyun-
saturated fatty acid composition in fung phospholipids. Especially, the compositicn of doce-
sahexaenoic acid (Cz :¢) varied widely among the five animal species. The peroxidizabil-
ity index (PD). which shows the relative rate of peroxidation reaction, was calculated from
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the composition ratio and the reactivity of each polyunsaturated fatty acid, and the index

(PI) was found to be significantly correlated to the lipid peroxide levels in lungs {r=
0,886, p<C0.001). The Pl value normalized by the reciprocal of VE content, (PI/VE), also
was found 1o correlate significantly to the TBA values (r=0.865, p<{0.001), but the cor-
relation coefficient of PI/VE with lipid peroxides was lower than that of only Pi. However,
the log value of PI normalized by the reciprocal of VEXNPSH, log (PI/VE - NPSH), showed
a highest correlation coefficient {r=0.935, p<0.001). Normalization by the activities of
antioxidative protective enzymes, glutathione peroxidase. glutathione reductase, glucose
-6-phosphate dehydrogenase, glutathione S-transferase, superoxide dismutase and disulfide
reductase in lungs did not show higher correlation coefficients than the normalization by
the contents of VE and NPSH. These results suggest that lipid peroxide levels in the lungs
of animals may be regulated mainly by the contents of vitamin E and nonprotein sulf-
hydryls, the composition ratio and the reactivity of each polyunsaturated fatty acid in lung
phospholipid fraction,

The other hand, four species animals, mice, hamsters, rats and guinea pigs were used
to examine the changes of lipid peroxides and phospholipids in luags of four animal species
exposed continuously to combined gases of 0.4 ppm nitrogen dioxide and 0.4 ppm ozone for
two weeks. Lipid peroxides in lungs of mice and guinea pigs increased significantly with
the prolongation of the exposure period, and the increment ratio of lipid peroxides in guinea
pigs was higher than that in mice at the first and second week after the start of exposure.
Lipid percxides in hamsters and rats did not change even at the second week. Changes of
VE contents at the second week was a little, but the contents were related significantly with
lipid peroxide levels of four animals. On the other hand, increments of NPSH were striking,
and the order of changed degree was inverse with that of lipid peroxide levels of four anim-
als, however NPSH did not show a significant correlation with lipid peroxide levels. Total
phospholipids in lungs of mice, rats and guinea pigs were increased significantly by the ex-
posure of combined gases for two weeks, but not in hamsters. The increment ratio of total
phospholipids changed with the order of guinea pig >> mouse > rat. Changed degree of fatty
acid composition in the phospholipids was similar to that of lipid peroxides among four
animals. The changes of fatty acid composition in mice and guinea pigs were marked, espe-
cially the increases of palmitate and palmitolate and the decreases of polyunsaturated fatty
acids were characteristic. On the other hand, the changes in hamsters and rats were incon-
siderable, Changes of phospholipid classes were also similar to the changes of lipid perox-
ides ameng four animals. Phosphatidylcholine contents increased and phosphatidylethanol-
amine contents decreased by the exposure of the combined gases, with the order of guinea
pig > mouse >rat. These contents of hamster did not change at all.

From these results, it was observed that the changes of lipid peroxides and phospholi-
pids in lungs exposed to the combined gases of nitrogen dioxide and ozone were different
markedly with species of animals, and it was suggested that the changes of phospholipid
classes and fatty acid composition might be induced by oxidative damage such as lipid per-
oxidation.

1 @BUsic
4 B ORFHLOWIR A 4 HiERH oW, HREEOENIZSH B4, FOERESOED
SEFII TR ERENO) &4V (O PERIN TS, NOg B TIHORA 5 - AGHOT ¥
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PhREDTNTORERBIIBWIERIBEOEIRCL > TELLMAMN L RAFEEMETH
W, BT ST E R S IR I RS N TV A AT W, Bk RV P OERST
B0y FEKKKHIZ0.01~0.03ppm BREG IR TEY, SHIIEBA 0, WILRR LA X
FICABENCEAE L NOp & iRIERFEEORAFROSHF I L - TERTHZ OO T A,
L7:4%o T, NOz & O3 DIRESHA(NO: + Ol #FICL AEREELMET L 2 LEEROBES
FHMES BRSO TEELHMETH L, FICEMEL, NO+ O REILL - TETLEHKE
20w, RICHOBEHEIREER AP, FOEBNAREBAZEFEHMNEL TiTo 12,

BAEEEIEE L, BIREoRELBRESCh A BATRBEOBR LS & - TETAWE
ThH, bFuild sy FEROOH), RKAVAFD FERI D) RUZDM0E  DHTEEK S
SRARE LT, Jho OMBILIEE G, BEHEER RS L OO TIRT Se4 0,
MESEOTLEMRS A 0Y, BBROFELA, BBOERERS & KB L THRHOERE
BEREILAYEF s, WD, FAVEYREY I VEOLBER Y LbE DL LS COLEBED
PR L, iR O AR E 2, 358, DWW THMSBEEF R LAV T35 TH D
WOARIIE S TEDTHEXWETH 5, MA T, ABIRE I CHREL, TR, &
R, WEPHLViEFALEEDREDBEIILHENT LI EAEHLNTEY, BRETIEE
BEROBRRES Lo b REEA SR Twa MY,

BridBEE 2t L b+ 2 F ARG EPETRGHEIIN T 25— RIBOEERTH Y, —ERELNE
@ NOg % 03 O AGIHFITBE 4 REFEHEE LT 2RI, 34, 2089 REFELE
IEAWEEOBEIIB TS, BN THERZEOKIZETITLWEWLHIERIZI N, IR
ORI E T L, WHPHITLICHE & OB BB e I LTy b 0 LN SRS 19 i,
L D IFFIIRLEOBWT A TH L0, Zho0FEMO—HIM oY OB LRI & HE
LTwd &§ 2524 DFRFICTIARL TV A,

NO; & O X THREOBEBIERIENEIZ A2 ki, B LOICHETREIEE
{Polyunsaturated fatty acid: PUFA} @ in vitro DR TIEB & 4, WA 2 & PUFA DG IC L 5 8EE
LIEEOERIE 7Y -9 VA VI E 5 L 3hTWwaY, $4bb, NO, iE RCH=CHR THR L
LZEAE R HFONENBEE BUE LT NO: AR L7 VA METR (1)) %, O3 kGO
T =5 T H NS Td B Criegee O zwitterion #ETH V' F 4 FITR (2))x48$5,

NO,
RCH':CHR’M R—(I:H-CH—R' (1)

RCH = CHR’—O’—-RCHOO+HCR —R- CH %I—i R
H,0 (2)
RCH (OH) OOH

SREDS Yk LS E 2 DR BRI RTH) & KB LTI O 7 U — 5 U h vk
R -VFAEL, SOR - GBEERBLTANVAF LI IHVERO0 ) %ET R, TOR0O0 -
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REHAEL & = oBWHEE

53 OFBANMEEEE RH) 5 kELF| SRS THL ZIENBL Fosi 4+ FRO0H) &
N E3ORBEE 7Y - TAMMER” )L, ZOR - FESLIRIEEHRIETIEILL ST,
FELRBLEUE R T LT (Y,

=75, invivo TNO AL L o UHICBEMEEE AR T 22 81, BBV OBEICLY
Thomas 52 & o THOTHRE ENA. LA L, F0%E  OWEEIRE T 1T o 7245 NO, A
Kk HBEMUHAER RN T A LI TE L -721, 20, Sagai 5 ILARMEIEE O #
BYrIPERIice Y Loy F o POBRMBREKEL LTHHER TS v ) Kz T
A AGIED LARMEEOERCRLL CAVORTWAF A0V Y — LEE (TBA) i %
AW, FREFRNO AL ) BRILIEEAMENT 52 & 287, BT, Sevanian 525§
B&'& epoxides MMES EH 5 NOz 12 L ZBRELIEEAR ZHE LTV b, OsBRADHAILDWT
iX, Goldstein 54 & » THRMER™ LAY coBBILNT AR #E Sh, F0RLE < OWEE
L5 T O RBICLBMOBRBLIEEORMARE SR TV A2, Lh L A5 ERNTI,
moite DF L WRLY, BRIVYEESERL (ERIN, TH/RTLLOTRE V. BAEAIIDIRTR
BefbRID L Sz, HELABEEOLE T LA D, 8RR A LTy 2 h A8
TAMBPIFEEL TV Z LA LRTNE SS9,

HEER G BEOMBIEROFESH SR T2, BAIHEHSRTWADIIY Y 3 E(VE !
a-}271:0-N)Thb, £HEKNT VE ZNRBLIEEAROEE @V Ty b L 38 D
THWI ) VE R E R BB EA RIS (PUFA) & A S L oM L CBRMICTFEL
TEBD, FIVHNWREIILE-TPUFA PBBLEN LD CIBIlALSHF T Ph{ban, Z
VANIZE HEBUDEH CERT AL Cnd, —, VoltAkLlze-ba7s0—- - 57
ANfFiZa- b I T2 O—E S L ERDBBINDEDY, HEVEETHMI N Y T4 > (GSH),
TAINVE LEE(VC), NADPH S0ORTMME L - THESh L™, 85612, GSH, VC,
NADPH OB TGHME L 7 VoV IchKEF S A GEBFEIG 2B 885 LEBZ ONRTWE, T2,
i, GSH BRI ERREORHRI BV THLONEWE THBZ 06, VE MR ARLITH
AR L CRCEELRAEEL LTS, —J Ve % NADPH 3EBSE 1
A2 (I Fe™) LR L UIREARLERET 5, VI BORELELTVEY,

BOIEERNIIERICRLA L) LBEOEBIEEMEESTEE LTy b, Glucose
-6-phosphate dehydrogenase, & 4 \»id 6 -Phosphogluconate dehydrogenase B U Glutathione redue-
tase & F£1% L CH) { Glutathione peroxidase (GPx) 41 L€, ML FoxL+FL FidEREL L
Fok v Elis~ LB s, ZORPREN L BRIEERFRTHLEEL LTV AY,
Glutathione S-transferase b 85 & LT GPx &AL RGBS 5 2 & 25T & 5%, Superoxide
dismutase 1%, WREILBEEEK DA =3 T =¥ — DV LD THBA—1—FF T F - TV AM(0F)
TRMUL, 07 L 2MMEES SEREHHL T LY, £, AV REROHE, HER
¥ SH IR E I BEELREED SH 2 & FUE L Mixed disulfide 2T T 5 & B S TW B 5,
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# 1 EEE A kb A A EEE R AR

Table 1 Enzymatic Protective Mechanisms against Oxidative Stress

1) Glutathione peroxidase as a member in peroxidative metabolic pathway
2GSH 4 ROQH ---ee-rtreiees — GSSG + ROH 4 Hz rorrevrerrrrmmiii e (i)

GF =——r— NADP €——>2GSH —— ROOH
G6PD GR GPx s, ( i1 )
6PG «—~— NADPH —— GSSG «——— ROH+H:0

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

G6P + NADP+ ............ —+ B.PG 4 NADPH  crerverememmenini i, (1)
6.PG + NADpP™ GPGD._. RSP + NADPH = crrvreesormanieriareainineen, {ii)
lsocitrate + Napp* SPH., 2oxoglutarate + COz + NADH — reoemeeeieeres (iii)

3) Glutathione S-transferase as a peroxidase
GSH-Tase

GSH + ROOH ~2i#s.. — GSOH + ROH (Enzymatic) «oeververrsiiimiininn. {i)
S +) GSOH + GSH  r--eerreesenen — (GSSG + H:0 {Non Enzymatic) ............................ (it}
2GSH + ROOH «reorerereemees - ;588G + ROH + H20 (Nat Reaction)

4) Superoxide dismutase
Cu—Zn SOD in cytoplasm, erythrocyte (soluble)
Mn—S0D in mitochondria

207 + ZHT R - 0r + mO:
of.  Haber—Weiss Reaction (0~ + HiQz --— 'O: + +OH + OH )
5} Disulfide reductase for maintenance of SH—group
(Exchange of inter and/or intra molecular disulfide)

Membrane—S—S—Protein -+ —  Membrane—SH + Protein—SH oo (i)
Membrane —S—8G rrroreerrerinanien - Membrane—SH + GSH
Protein—S5—S8G Protein—SH + GSH
CYSUIIE .................................... 2 Cysteine ....................................

ABBREVIATIONS, GPx: Glutathione peroxidase. G6PD: Glucose-6-phosphate dehydrogenase. GR: Glu-
tathione reductase. GPGD: 6-Phosphogluconate dehydrogenase. ICDH: Isocitrate dehydrogenase.
GSH-Tase: Glutathione S-transferase. SOD: Superoxide desmutase,

Disulfide reductase & 245 & TTOREEN SHEICEF@E % LT w2,

—7, HENOBEEEOEBIEEID) Y IEHP O PUFA OBBERIGIZETL L DTH Y,
FOERICHEDI A ELBIIERERCERANSE THL L ENTVE, HIZI P MY T7 23
ZOY— ARFOBERTTHL) YIEEPIIEZROPUFA 2EF L THH, BRILIEEERD
FTELBSELHD TV A, ) VRERAEGEOTEREES ThHLOAL LY, BgaHE
OIEE O ORI L E A SO EOFRIEICED TREEL R LR L THEY,
A<, WY CBEEO—E MRS H (surfactant) O F B ST & LCB KR SM—1E
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B BRI & £ OB iEE

MRATOMECFSLTWEY, Z0L3 %205, NO X Oz & AMOME, 552 VIEH
NOFEEIOWTHE {OFFED L SN TETEY, V) RER, ) VIR FEOBRAR
B OZALIZ DV T DIk A B REHH 557,
HARBNTORRBEEEE RO EELEED) VIREVOPUFATHLZ S, ) Y BED
MElbEe A L BRI R ERIC L » THRICEESRF L4 5, THIZE LT, Kornbrast & Mavis
OEETD RO TEEREG, 6, 79¥, Ty b, EFRFTYZAORO Iz oy — 45D
TEESY IMUL LD, ARSI E - (peroxidizable) PUFA, VbW 3 PPUFA HHIIH ¥
HY 5 I/ EFREOVE/PPURAY E, (T —7 RV E ¥ BRI O in vitro IZ81F B ENE
ROy — A0OBBUEEERTRE LT, 2O, VE/PPUFA &Y 45D
B, KIZT e b, v R, vy AL, invie TOBBLIEEER & (EOMMEERT £
MESNTwE, LAL, ZITEE4DPUFA DREHOMEEERESI L TL RV, —#ZIZ
PUFA ORMEERIR T HESGORII L o THA D, 20T 512N TRIE AT S
EXFHSNTWA, ZLADIEREZHRLHONTEY), “HESOHDTL, 2, 3, 4, 5 6O
FEAPEIRE oW T ORI RIS EEE iz £ nEn0.025, 1, 2, 4, 6, 8, L&hTw
%58 Witting & Horwitt™ i3 FRO & 912, KRG OMRIL (%) o h s 088 %
E U725 ODEE %, Peroxidizability Index © PLHGEBEMIEE) & LTREL TV A,

PI= (Wt % monoenoic X0.025) + (Wt % dienoicX 1)+ (Wt % trienoicX 2)
+ (Wt % tetraenoic X 4 ) + (Wt % pentaenoicX 6 ) + (Wt % hexaenoicX 8)

IO BEREDPS, EERTORDEREMICELT, Y BEOPIE, &5 PI/VE #EH
HEGHRTCTHATMRELE L 5D,

¥ 72, Kornbrast 57 @ in vitro DEEED &, in vive 12 BT A0 ARLIEE £ MK b B0
NEoTENSLIEXFHENSN L, 2510, @FEFRHNOERERERIIZT—ED L VI
INTWAEESEbITWAEY, FOBARLIEEOAEREN L XU HTEL L TEMORBRII L -~ TEL
BOPEIMIGEENL 0L, L, I CERBIREOIMpIEEMOME X I2ow
THREMICANAREIEA LRS- G, BIOBAIL L - TEKRUEPEFEL(REEZ L
HEECMGRTED, BWEROEE,LS e MIRIZTEELFRILLY, #HFTH LT, 8t
HEIETIHRBINO TERETH L, REHEHEOLREELHAETISHFIIBVTYS, £0
EEOBMAE MIRETEELTEL, FRCLABERHSILTHEI LD, BRI
M3 27—y UFEEEEL L OB EELOND,

Z LTHEPEIE, MOREBRREIL TR0, NOy + 03 RRIC L HEERRII O TOEENM
AEBLI LR MMt ABELINET A0 0ERER L T5 2L BHE LT, BEE
KOWTORHE*EHIROL ) LEBREIT o2, 1, 8112, KHEFEEE O OBARILIRE
EEFOMEET, BICBBLEEEROETECRETHL ) VIREIDEE LT, BoREEEN
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72 RIZ, NO:+ O 2RELAIBEOF OB DWW T HERE L7,

2 BEBEFHE

2.1 ® ¥

Byt i, BRARIR EREM B EBFMS LY 7THSTHBA L ICR 97 %, Golden BN AR Y —,
Wistar 47 » b, Hartley REAME FOMEE, 9B TERCH L2, HiZ, #HEH3.5kg(16:8
GHI) O New Zealand White Bl 434 v 7,

7 A48, NAAY —IRI2ME, T b, ELEY PRIV IFIIR LY 1ML L CER
Rvifzo OMEEE LT, w2 ABIE, NAZF 20 FoMbofig 1Mol +h
EFRIHTNEL, T_TIOEMEL IBERA6H IV n=6)RD L5217,

Zh o DEE, BAL20—-25°C, BES0~T70%, EMEEEHI4BRMNEE, 10BREBOS&MT TR
BN/ FfE, vV A, NAAY ROy MIGARY L 7HECE- 2 BRSAR L, LT
FETHFIIER kg B2 K 3L CABW0mg MfE S vt ) T2 ¥ OVEERH B RC4 EREH
LA, BEKEERKE, FRENEHBRSE,

2,2 ZREEFE(NO) EF VL (0:) DRAHIEE

NO: & O3 DIRGH ADORBEERICHRETEL S EC EREDFAFHENOAME AC R
Frrn—1.68m") ¥V, BEEBICHEYY ISR AEOWE ALY, 0.4ppm NO, &
0.4ppm O3 DA # 2 (0.4ppm NO; +0,4ppm 02) 12 1 ~ 2 AMEERR L. tFREITIL NO,
O3 bETLWIHFHESE, NO:+ O REHLA—RUTTRELL LD EAV,

2.3 BhOWEAER

B YO L i, - FOVEER T CEEBIAR & 0 BB LRI U, B OB & kb i
L7z EMARERMIAE LCMRE D FBL, AMEHELEPS, RABRBEF 17 &
7 UMERRIGRE LCAEREEAKEEALT, AL TER L, TRELOMIIETOK
TERERE, EEFAEREHL, #RAMI T-80CTHHERE L,

2,4 BEREYx— MOEAR
BHLMRERARTCT 70y « I ARESFAF— T THRL, 10%FEIH— MIR
ML, 8, FEVA-FABRHHIZIH LD LHFH v +— (Erma Optical Works 3 8,
ERC-3310) THiA TR, BEF T +0/37) &7 L THAMICHAR L /250mM Na, K- BB
(pH7.5) 2 W 2o 10% K EV H— Mi3200Xg, 54 HOELTHEEITY, BoRA BT AR
A, FEHAESHINPSH BRUE Y 3 ¥ EBOWEIA W, LiFOKYI312,000Xg, 204
R Oo#L, BIEOLBE%105,000Xg, 605 HEELTELL, ZOLED—HE Glu
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tathione peroxi dase (GPx), Glutathione reductase {GR), Glucose-6-phosphate dehydrogenase
(G6PD), 6-Phosphogluconate dehydrogenase (6PGD), Glutathione S-transferase (GSH-Tase) D&k
BB H Az, TR0 O LK, 0.1mM EDTA % & €:50mM Na, K-) ~BRAZHH (pHT .5) T20KEH]
ENT GENAME LT 2 BEATHR) L, Superoxide dismutase (SOD) & Disulfide reductase (DSR) O {&E %87
EH L7,

2. 5 AMYtisEOREE

#EE O TBA KIGHWHE OWEE, SDS W L% &4 Ohkawa 6% OHHEIfe 7, MO
200X g b EE0E0. 2ml 12 8 % SDS (RISLHIEE) i #0. 2ml % N2 TIRAN, 20% BERGR W (pH3.5) &
040.5% TBA B3 (Merck) # & 4 1.5ml ¥ 204, #0202 FHICEMLTHE, dlEKEPTI
RERTINZL L7- DIBAEWHIL, w-7 % / — 0 5ml X INA305MEE 5 L, &-L58 (3,000rpm,
10538 %, 74/ —NVBIZoWT, FgERES15nm SNERE53nm O EREEE L+ 3lE L 7o,
hd, EEE L LTI, 1, 3, 3-Tetramethoxypropane © MV, TBA Kot E & o 77 2
MEEY ) OFE LB moles/g * lung) & LTRL,

2. 6 HB{tHBEOREE

NPSH 42 DeLucia 5™ O FETHETE L1z, 200X g LiBH0.5ml i 5 mM EDTAD.5m & 10%
TCA 1 mi #MZ, K&ETFT205MKER, 3,000rpm, 105 B OE LT THEOHFHBES S, L
Fimzlh, 0.4M M) A-IEERER#E (pHS.9) 2 mi, 0.1M EDTAO.2m! %404, 2.5mM @5,
F-JFAYR{2-= b ORBEE (DTNB) ME0.2nl 2R 7218, 412nm OBOEE &% L7,
ks, EHEMEE LCRTAZ LY 54~ (GSH) 2 BV, RFHOY 7 LBERLLDOELE (2
moles/g * lung) & LTFHTR L7,

¥4 3IvE(a-+a720— V) REEHS 0FECE - TIE L7z, MiD200xg BiFHE1
MASTS = Iml #MATE D EALZE, w-~FH»5ml ZINATHRE A% 2 [
DEL, BEQKT, A0CCORBLETER G, ZORBLI00p] Da-~FH 0B, L2d
D%, WA ra~ 757 4 - HPLO WK L g Lz, B, SHEEREERT — 91
SEH LSV e f 70— L EBVWTER L. HBRMO YT LRERY
WOER (pg/g lung) TELI,

2. 7 ABMEMBEEHOREE

GPx {1 X Cumene hydroperoxide S UFEB b KFE L H & LT Little 55 Tk, GRIEMEIIRE
BN &F4 2 (GSSG) 2 HE & LT Bergmeyer™ AL L/ HHC & o CHllRE L7z GOPD i
HIE10mM - MgCly 25 €r0.1M b 1) A-HEEEARH K % V>, Glucose-6-phosphate - Naz HedHE
LT, Wilhelm 5% ®H I & T, 6PGD i I220mM - MgClz & 6.5mM - Cysteine % & 0. 1M
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b)) A-IERER TR % AV T, 6-Phosphogluconate %258 & | TG6PD OHIEREICHE - THRIE L,
GSH-Tase fEFED I i3 Habig 5@ O F #1128 LT, I-chloro-2, 4~dinitrobenzene ¥ 3T & LT
HIE L7 SOD &R+ 4 > F > & Xanthine oxidase |2 & - THEEMITE L7 Superoxide anion
radical 25 b 2 0 — A4 C 3BT A % SOD #5152 Kis % FIA L 72 McCord & Fridovich® @
FECRE 572, DSR FEMOWER, ¥ AF 2 HEE LT Tietze™ O FHIC L o TiTe, Fhap
LRME NI A F 4 1L NPSH & B DeLucia 5™ @B TEE L,
DSR LA OB BRI TN TCHELARD Y 2 &% v y HEISHEE R HY, 30°CTHIE L7,

hB, HHEOERGEMETL 7 I ¥ 2ZEWE L U Lowry 5V OF R - T, BEHE
AT ~NTEREE mg 2470 OIEETERR L.

2. 8 BHORE®HM

Folch DA HZIHE o T, KR~ GEERH30mg) X 2mi ®Z ORIV L2 %/ — L (C-M,
20 1)RMA, B oy )y AE, CH-6010) 2 MV, BHRAHT CREIFHA A LS,
N 3,500rpm, 103 HFLH, FOD L LABEARLTAORIEIIE LI 4m OC M(2 1 1)
Bz, HEREYFA L L, MEIEGL, ROTLEAZHTL, fiEOGE & Tl
B e L,

BAET BIEBRE M S DRI, Folch ORBEEVIZL o T » 72, MIREMSBRIC, £0.2850
0.9%KCL2MATE IREHEML, 2,000rpm, 5 FEOECIZED 28208 L, FEERD
FEBEFEECRVWIDIETEHD /TR VLB E ) P THEL, 10m EOREBAE » v FICH
YR U 720 iBis2s (A HHEIEE, Jet Air Vapolizer) CEE W XD 2 ATH4P°CHIREHTE
BagA#E FRCSmOC-M(2 @ D)ERCEIL, &Y vEEEEHILs 203y »IT
S50l TR, EESH/z, TR OMMBEIR, EHIZC-M(2 . 1)TAY y VEOH L CIHEEEW
LT, —20°CTHEEE CHRAF L.

B, BROMBIZAWAEHREUER 0 b 75 7 4 —CHWRERICE, T THERLA
ELTTFuibe Fas s by (BHT 2,6 ¥ tert-7F h-4- A F V7 2 / — V) #0.005%
(w/vidsm L7 6 ox B2,

2.9 VU isEOSH

2. 9.1 U BRHEMRIBRBER

FeRRTE e @SS H, BR300 D C-M(2 D 1MIEDL, FO50ui(d 12100
LD IZDNTY VIRE A STEEL, £ MR O & H o 72, |

1) v & i3 Kobayashi 5 OB ETHE L, BEr 0= Y974 - (7L~ b :HPTLC Fer-
tigplatten Kieselgel 60, Merck #15¢, BF75Y | n-Hexane-Ethylether-Acetic acid, 80 140 : 1, v/v)
CHREMEE Y LA S, Baiiy) YREes% L7, BEH~OELRUVRBREORRIISERN
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BHARKL: 2nHWEE

T,

DUBRBEE ST TV - PALEEN TSR, FPELFESML s ARBEIZAR,
Metcalfe 5% O HETCIBEBO A F VL ATV ERE LA YU B4V AR REEIC,
0.5N-NaQH (A # / — ViEH)0.8ml 2INZ, S UAFAEL LR EA0%, SFEFI00°CT20
BIINER L 720 REGH S HIT14% BFs (A 7 7 — VBT 1wl 2 MR EBHDI00CTI05ME K847,
TRl H L BREE A Sm 212, KWTIHZIm D e-~FH T, L{REIRE
Lizt%, 2,000rpm, 5 HE.LAEELARF I EEZED, TOBELILICL ) VERDET S
EE T, REEAF VT AT NFERL 7z, FRLULAFH VB Edby, @FERERT THE
TREF LI, NFH 506 (8BS LB LT Shimadzu GC-TA FAZ 07 b 57 4 — THITL
A

HAzn=w 57 ¢ — O, B340 5 %Shinchrome E-71 (3mm IDX 3m, X I AH I
H), h T LR 230°C, WEHEALRE [ 250°C, ¥+ 7 —H 2 RE, 40mi/min, B}
FID, (/K% :0.6kg/em®, Z2& : 0.5kg/em®) DR TIT o7, BRIZA ¥ 7 # L — % — (Shimadzu
707 hRy 7 C-RIBIW LAY~ ZHEMOBEIZL o TiT o 7z, EHEIEESOEFEX F LT
AFNERCTIT o, BHERD L VBRI R OB & REH T 70 » P LTELNLE
W SR FEEIEEE ¢ T 5 5, VWh® b Semilog plot 3 THERE L7z,

2.9 2 ULVIRHER

UOREMBEEER O ST 7 - THBLAY YEREDE ANy VSRR, ERES
BLTHEULER) By ERTHILIIL S TRDOL, BBIUT M/ 574 —-DT L — il
Merck #£ 8¢ HPTLC (High-performance Thin-layer Chromatography) Fertigplatten Kieselgel 60 (10X
20em) ¥ Hv 7z, FL— FIRNCC, 1RERIME LML LR, L0 A 7 Vo Ao 2HRBRER
FHOTTHRLLZAT CHELCHS, HRELEFEZRT CTRD 5 2em OARLEWEES. Smm,
R& 2em OFRICAH » P LA, REHEH15~1Tueg D) ¥ 2 EUCRAMBHE LAV, 700
TN b-28 7 — ) -KeBE-AK{(50:30: 8 | 1)oEErHYy, BEMALERCHICENSET
A5, f17cm BH S €7 (REFSMA 2 B508305) . BREE, TL— e Fo ¥ — T8RS,
KOTHATEERIZBALLTEARy PEBE L,

BERBAR Y RUFNFROBRBAF Y POKESITHATEAE Y FowEls (@RS
¥7) R ZZAESEMY, Rouser 5V OF T VEEER L, P ER - HREHIT0% 8
IR0 5ml 2N A, 180°CTIOAMAOMASEIZL D) YIRED ) Y BELERY) Y RRIZER T,
FimICWMER2.5m DEFKEML TREEOHNEEHEY, RNT25%EY 7T BRY v E=7
LUAHE0.5mi, FOHEERBLLA10% 7 2 2 VY S BREHO.5mi, BEA lm 2N, FOHEL
CIRHML 7z, 55 MmEARGRTMEL, KWTHHAL, 2,000rpm, 555MaLEk, EHLZEE
AEEL Ry MIBL, WEZT 27103 L C820nm DU RE 2 HIE Lo, AEOBRLE, 5 E
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3.1 AENRGTICSET3HOAR{LEERERTFORNWERIC VT

3. 1.1 BEMLIEHE

5 O EEREM Ofili> TBA BUSMWE R (TBAE) 2R 1 1R L7 SEOMO TBA 23
FELVEWHEESROOR, vUADEIELE L, ROUEWELTR LAY ¥ 03. 75 L Lo
Thotz, B, ThH5OBYORMO TBAHIE, Y9 AS>NLAAF—2>F 9 F>FELT o FDY
HFONIZIEL, o5 HOEHOM T EMRESVETRL, 208512, oaE iy
DERH L AOVIIER E L BEESTEY 5, LVIERIEo R,

L, UBOT~ToOBRIZZONO TRA EIZIC sS4 470, FOEOEH 72 T4b
HLewA, NAARY - Fu b, ELEL N, UHIEOMEICFERLE

3. 0.2 ) EEEBRIERR MR

B VB # M+ 2 YRR b B ORI X 0 2k ) OREDEIE L, Moy v IRE
DEERHEEO T, HIEREESIBV L E L oML EERBRAEHREOT 5+ F o820 4),
Fa#7 b5 BEG2: 4), Fat~ery T @2 5)RUFIFAFHI AH22: 6)0FK

A - 1 L L 1 il
1] 10 20 30 4o 50 o0 7D 80
TBA values {(n moles TBA-R/g-lung)

1 HBBENTOSMEEREONO TBA RICH Hi&E (TBA )
Fig. 1 TBA values in lungs of five animal species under physiclogical status. The
values are expressed as mean L SD
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NLAE— T PTHIEBRRALLANLTHS7H, TLEy b, 7HFENE TBAEFE 25
NEIZ Tt o TRV R L7z BREBER O CRGEE RO oNzOR Fa s+ 4 VB
Thot, TVATRLES, PHETIBEEDTOAOIINL, NAAY—Ti32.97%, 7 » b
TII2.42% LR, 2O EAT » b ESHETTRRNEN D0k,

2 o LEe, TTOARMEIEEOMBN (%) & KIEH A 7R L7 Peroxidizability Index
(PL{E, 141<— JPER) &R LI, FRENOBHOY VIEHO PLEOTFE, <7 A45129.2,
NARY—H104.6, T v FA110.8, FNE» FAT2.2, THIFNETELYD, RIFVTU A
ENTy FRIFFOMED 2 EFEVEET L, £ LT, %4 @ PIEL TBA L OB & #~7:
SR OB B TEVEE LMY (=0.886, p<0.00)2 0 oI ([®3), ZOZ
ik, BOARLEEOERE L X LOBESCHLT, ) Y IREORIRMEE L R Eho
RN EELEATFTHA I LARBEENT,

P PL N e P P
129.243.5  104.8%1,4 110.8£1.7 72.2%3.5 B9.7+3.3
10F
| I] T l%
-
‘5 |
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- N
© =] |
wsk - [0
2 gew
N
%
N
?¥
. I :
Mouse G.Pig Robblt

B 2 4ENEHTOSEEBRSMONO v IEEOLEARMIENBEAKE
Peraxidizability Index (P1 i)
Fig. 2 Polyunsaturated fatty acid composition and peroxidizability index {PI) in lungs

of five animal species under physiological status
Values of fatty acid composition are expressed as mean of area percent * SD. PI
(Peroxidizability Index)} values are expressed as mean * SD.

3.1, 3 YCREHERRUE) CEYE .
EBMOMD ) IREHEKE AR 2 1R L7 ) Y IREMBE OB b AT s F NI Y
POHBLE {, 16~47% L IHTEFE EHTHY, ROTHRT 7 FINVTY /=N T ¥ (PE)
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dizability Index (PI {§) @408
Fig. 3 Relation between TBA values and peroxidizability index (PI) in lungs of five
animal species under physiological status

# 2 EHNENTOSHEREMIONO) LIEEHEK LS VIBER
Table 2  Phospholipid classes and total phospholipid contents in lungs of five animal
species under physiological status

Mouse ‘Hamster Rat G.Pig Rabbit
LPC 1.7 £ 0.2 1.3 £ 0.1 1.9 + 0.1 0.8 £ 0.1 0.9 £ 0.4
Sph 9.5 £ 0.2 10.4 £ 0.3 10.2 £ 0.1 11.2 + 0.3 11.7 + 0.8
PC 46.9 + 0.4 47 .4 + 0.4 47.1 £ 0.6 46.2 + 0.3 47.0 £ 3.0
0.7 £ 0.3 0.5 £ 0.2 1.3 £ 0.2 0.3 £ 0.1 0.7 £ 0,2
PI + PS 12.7 £ 0.2 12.9 + ¢.2 12,5 £ 0.2 13.1 £ 0.5 13.0 £ 0.8
PE 21.9 £ 0.6 21.9 £ 0.3 21.6 + 0.3 22.3 + 0.4 21.3 £ 1.5
4.5 + 0.4 4.1 = 0.4 3.7+ 0.3 3.5 £ 0.3 2.8 £ 0.6
1.8 £ 0.2 1.6 £ 0.1 1.6 £ 0.1 2.5 = 0.4 2.3 04
solvent front 0.5 £ 0.2 0.1 £ 0.1 0.3 £ 0.2 0.2 £ 0.1 0.0 = 0.4

(% ratio of tatol P of lung lipid)

}.}.

Total P 39.2 &£ 1.2 35.8 1.9 33.6 £ 0.6 4.6 +£ 1.4 35.7 &

4.5

{p mol/g  lung)

All values are expressed as mean = SD.

ABBREVIATIONS

LPC: Lyscphosphatidylcholine, Sph: Sphingomyelin, PC: Phosphatidylcholine, PI: Phosphatidylinositol, PS:
Phosphatidylserine, PE: Phosphatidylethanclamine, P: Phosphorus.
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ErHLEIOND) DRV LRTOEEL TV EY, S8 EE L T2 OR I8 THO#
HiZdh, %@Uyﬁﬁﬁmuowfiﬁ%ﬁﬁ@ﬁﬁd&&kgﬁb6n&@otc:@:t@
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HOLTREEFRELTVLEDEEDbR S,

T, KBHOMORY) VIEEES, TTAIMROBL ) RRBFVWHEERLALLON, NAX
=, v b, TLTy PRUTHFOHISGITEALCERLAGNT, BRI TA S LRI
HhNGEdh ol

3.1, 4 HEMtM4HER

EEMOMOE S 2 E(VE)EEIERAME SHINPSSH) R 2 R4 IR L7, VERIZS » F &
FAIEFEITE L, o0 ARELBEBEERL A, 79 PEBRETHF>EALL Sy F>NLRS —
> AGRICE {, BRI bR E O EEE L~ & & ot A7, NPSH £H, ELE 5

v

;b Vitanin € NPSH &i d2.5

~20 2.0
g z
= w
- x
o (=]
E
s 1,58
» @

8
[=4 —
b =
f=4

8 g
wlo L0
E
@
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0 0

B 4 HEAEGFTOREEBRHPONROYY I L EVEELIFERHM SH
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Fig. 4 Contents of vitamin E and nonprotein sulthydryls {NPSH) in lungs of five
animal species under physiological status

The values are expressed as mean £ SD.
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BB, BB RERITEVWENSALKL, LAL, VETiLT v b OfEid%, NPSH TikE
Ey P OEREFOMOEOE,HFEL TR T,
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20 | "t r=w0u45 | B o619 r= 9,723
Ret T (p<0,02) | = a (p<0,001)
E 2
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= e
@ =
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B 5 AEMNEHTOSHEERBMOMOTBA KM EE (TBAE L ¥y 3
¥ E{VE)& & OB (A) & TBA R4 4= (TBA ) L E&EAY SH
(NPSH) & & ¢3R5 (B)

Fig. 5  Relation between TBA values and vitamin E contents {A}, and relation between
TBA values and nonprotein sulfhydryls (NPSH) (B) in lungs of five animal
species under physiological status
(O: Mouse, @: Hamster, l: Rat, {3: G. Pig, #&: Rabbit.

3. 1. 5 IMMEMBREES "

# 3 2 KB ORE O Glutathione peroxidase (GPx) BREEEDFEM % /R L2« Cumene hydroperoxide
PEEE LGP EHE~ Y A>T ES>I 0 bINLARY->ENE Y FOETHE(, BipTE
2k o ThENmRE SHENED SN, GPx EMRLIIEL » Se) 2 E5H LA ALY &
BEALKEOTHLEZICL ) DEEE Se A GPx) &, Se 2 ST T HRAMIDOALREL
L5 HEEFE (Se KT GPx) D 2HHAHFIEL Ty 5, BRIEKELTER E LABEO GPx Gt
&, wHFPEEREL, EMEy PTRERERS P o7, Thbh, Se itk & kAN
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Table 3 The activities of glutathione peroxidase enzyme system in lungs of five animal

species under physiological status.

Enzyme  Animal Mean £ SD? %"
GOPD Mouse 213.0 £ 15.8 100
Hamster 127.3 £ 8.9 60
Rat 108.2 + 31.0 51
G.Pig 194.7 + 34.2 91
Rabbit 115.4 + 33.2 54
6PGD Mouse 122.6 + 10,9 100
Hamster ~ 139.6 = 8.0 114
Rat 127.8 £ 10.9 104
G.Pig 167.9 = 15.0 137
Rabbit 4.3 + 8.0 36
GR Mouse 299.6 &£ 12.7 100
Hamster 252.1 £ 16.7 84
Rat 190.9 £ 13.6 64
G.Pig 303.3 £ 13.2 101
Rabbit 260.3 £ 8.1 87
GPx- Mouse 197.0 £ 2.8 100
Cumene Hamster 63.9 £ 4.7 32
Rat 106.3 + 10.5 54
G.Pig 22.8 4+ 2.5 12
Rabbit 149.2 + 15.7 76
GPx- Mouse 57.1 + 1.9 100
Hz02 Hamster 14.0 + 4.4 25
Rat 61.3 £ 9.0 107
G.Pig 0 0
Rabhit 128.9 + 15.3 226

a) The values are expressed as n mol NADPH formed or reduced/mg protein/min.

b) The values show percent ratio against the value of Mouse.

OESLEMIIL TR DOMENDH D, ELEY OGP EMHE, TRHEED TEVE,

100% 7% Se MAFAETH B DK LT, £OMOBPIIHAFAEL TV ED, TTR, NAHRAF—IZ
HTF » b ETHED, BT H D Se KEMBEOLEDLHEIELITHE, LRRED
Glucose-6-phosphate dehydrogenase (GEPD)iGHEN, =7 2 & T LT v FAEFIIEV IO 3 HD
Bzt =37 ¢, 6 -Phosphogluconate dehydrogenase (6PGD} i&#E L 7 FAMER I, E WL
v FAETEA 570 Glutathione reductase (GR) it iz, 7 » A TEVRIHIZIFE L LA

WCH T,

& B8 O M @ Glutathione S-transferase (GSH-Tase), Superoxide dismutase (SOD), K UF, Dis-
ulfide reductase (DSR) {EPE# 3 4 1277 L7z GSH-Tase i&fhid, = v RALELT » FTHFFIIH,
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Table 4 The activities of glutathione S-transferase, superoxide dismutase and disulfide
reductase in lungs of five animal species under physiologica! status.

Enzyme Animal Mean + SD %3
GSH-Tase™ Mouse 1459 + 49 100

Hamster 408 + 29 28
Rat 138 = 13 9
G.Pig 1419 + 69 97
Rabbit 622 + 36 43
sop? Mouse 61.8 £ 2.7 100
Hamster 48.4 + 4.3 78
Rat 488 + 5.6 79
G.Pig 65.8 = 11.3 106
Rabbit 30.9 + 2.8 50
DSRY Mouse  115.2 = 13.0 100
Hamster 236.2 + 36.5 205
Rat 276.6 = 28.9 240
G.Pig 157.2 + 18.5 136
Rabbit 67.1 = 1.4 58

a) The values show percent ratio against the value of mouse.

b) The values are expressed as n mol. of metabolite formed/mg - protein/min.
¢} The values are expressed as unit/mg * protein/min.

d} The values are expressed as n mol cysteine formed/mg * protein/h.

Zv PTRENGDIGD 1 BEDEE LIRS 25072 SODIFEME, 73 FHHED o 7245,
TOMRDEOMOEB LB VA oz, DSREHRIE, N2AY -85y MAEBL, THF
PREICEVIEE R L, %8, SHEBIERBEOEREG, wihd ZBYolio TBA L0
fliZ, VE® NPSH O &) R—EOHRAOHME LR 2d -7z,

3.1, 6 HOEABLIEHBROMMEEDORERFIZ>VT

CHETOHENL, WOBBCIEEOERY L ALoEEZPRET HATICOWTHES L
72

REBRIZBIT RO VIRH OB A S, FRMBHEO ZEEEG ORI L 5 SEOH
B % #ZR L7 Peroxidizability Index (PIfE) # HH LAz L 25, PLliL TBA T & 4172 in vive
DI CABR{LIEE R & OEIZEG TEVIEOHEBYE (r=0.886, p<0.001) AH &R {(B13),

—77, B yIEERRBPER TS eHBRAON TP 72(F]L), ThbDI b,
#ZW T it Kornbrast ATV PPUFA S RO DI PIEi% A7 PI/VE %K%, in vitro
TOMOBELRER L OROMBAELHENT, 208K, R6ITRLAZEBD, PI/VELE TBA
& omMic b BELZIEOHRENFES Sl =-0.806, p<0.001), LoL, T FUSOBIE
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Fig. 6 Relation between TBA values and peroxidizability index/vitamin E (PI/VE) in
lungs of five animal species under physiological status

—EDHRLIZFELLOD, T OO VERBEFECE, 420, 59 FETRD
B L oBE,r AN, HBRKROETED PIEREME TBABEL OB THOALME0.886) L b
BT L7co in vive DBEBELISREHIZ BT, MROTERE S OREBEERFOBS b E2
LB L,

A EHE SIS S NPSH i, VE LRI, FORENEVEEMO TBA flid v i3
FYEE) (R4, H5)A5R G/, M) NPSH D90% DL EIIBTER L %53 2 (GSH) Th 5, “id
Cil” T~z B0, GSH HIRM I B ViRE CHET 2B (LS H CH Y, 4
GPx, GSH-Tase FOBMILEHOIBIIB (HFORELZETATLH D, LT, ThbHdD
ZEHh, NPSH R L BB UIEE O BN L AL 2 HETLAEELRRT THATREIEZ SR A,
£ C, NPSH Bt % PU/VE O®EREE UTHWA(PI/VE) - (I/NPSH) #81H L, ZOEox
il TBAME DML T~ FOERE, H7IRLEEB), BHTHVHESROHEN
(r=—0.935, P<0.001) %7RL, HIMEROMEHHEL A LA 7/, TBA i PI/VE HDHE
O XA Ao & OBRD SRR ERTEN G & (ko 2, BEOTIBHEOIAL,
BI8iZRTIL, TXTOHYPOEN—ENY FEA FliFE LI 7oy F 807, LB, PI/VE
HOMIEH & UC NPSH i3 AT @ T 53 1S FFTE S 2 MM MERER O i A DWW T H BERF L
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species under physiological status
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OO REEEIEE R, RFE7HAT24%, 4HHTIZ60%, FREFNHBEL D ETICHINL 2.
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BIZETET T 5HEFA LN, WL EEERZD R,
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NOz + 03 BB L > T OB IR E DBE LW RD bz NO, + 0 D 2 B RE RO
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LTENEY FT65.2112.1(n mol/g - lung, FE¥EHRFNE) &40, MoB{LRED L~
RPTASELE FOINARAT—>F v FOIEE L 572,

3.2 2 VY EHERRIEER
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Fig. 9 Periodical changes of TBA values in lungs of four animal species exposed con-
tinuously to the combined gases of 0.4ppm NO2 and 0.4ppm O: for two weeks

Control valves were located 68.0 apd 51.5 n mol/g * long for mouse and hamster, 36.3,
26.6, and 38.7 n mol/g * lung for rat of 7, 10 and 14 days, 33.5, 29.3 n mol/g * jung for G.
pig of 7. 14 days, respectively.

The values are expressed as mean % SD.

*. p<0.05, ** p<0.01, ***: p<0.001.

ARAGEINL, WENLAEENALN, LL, NAAFY =L Ty M, WD DREIE
PHEETABEERLELON, ZOELERBHD TI3WEDTH o7, TRIFEED Peroxidizabi-
lity Index (PIfl} i3, NAR¥ —THE{BEFEL, F9 PTE, Fayxryx o E@2:5)
DHBELBPICNA T F F o2 R F IS HL U E8E@2: 6) DEHENE
HITHABINE R LA s 2R L THE TS 2b A & T (110.8—107.6) %R L7-RBEET
Hotre

—FH, TYAEENLE Y FOMO) L REOERBEABILILBOKE BB LR L. ZOWH)
OB U NO; + O3 (K0.4ppm) 2. BB REH O L IREOWMEIETEEALE £ R 6 177 L7,
Wl L QASICEE LB ER LRSI LI+ 8061 0)THY, <y ATII37.60—
39.42%~, E7ENEy TR 6041 43%~E FNFIEERMMER LA, T/, IUA
FoEE04: 0VRFwTATH/ONI LA VA6 1) bbb FEIMNL T, 2
LT, mEmE b AT T B8 0), AL A VER(IS: 1), FaFF T BE(22: 4)
B RaSRy P Q2 5)PHERMLERLAC, BLEy FORATT) VB8 0)
111.52%—9.37%~EFE L HA L, AT, EVE 9 FCIE, 77F FUBEER0 4)38.37%
—~§.61%~E B A XL ET Lz, EAEY P CRESTOEENBAMIEREE (PUFA) &4
WA LD E AR LT, PIEIET2.20 6573~ EL(ABIERT LA, w7 2ATH, ¥
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Tabte 5 Changes of fatty acid composition of phospholipids in lungs of hamsters and
rats exposed continuously to the combined gases of 0.4ppm NO2 and Qg for two
weeks

Control Exposed
(A) Hamster
14:0 1.37 £ 0.11 1.49 £ 0,08
16:0 34.14 £ 0.47 33.68 £+ 0.3%
16:1 4.75 + 0.08 4.63 + 0.08*
18:0 11.46 + 0.21 12.07 £ 0.11***
18:1 15.33 &£ 0.22 14.51 & 0.17***
182 10.40 £ 0.18 10.60 £ 0.18
20:4 8.99 £ 0.19 9.04 £ 0.18
22:4 1.72 + 0.06 1.74 £ 0.05
22:5 2.76 + 0.11 2.79 £ 0.10
226 B9 A 009 2.96 £ 0.09
P1 1046 + 1.4 104.8 + 0.8
{B) Rat
14:0 2.66 £ 0.15 2.75 + 0.13
16:0 34.83 + 0.44 35.47 + 0.54
16:1 5.16 £ 0.17 4.91 + 0.22
180 11.79 £+ 0.15 11.59 £ 0.22
181 11.67 £ 0.11 11,10 + 0,12%**
182 7.99 + 0.19 8.25 = 0.21
20:4 11.59 + 0.27 12,07 + 0.36*
22:4 2.41 £ 0.09 2.32 £ 0.05
22:5 2.85 1+ 0.07 2.51 £ 0.16%*
228 2422007 220 %018
P1 1108 & 2.8 107.6 + 1.5*

Minor components of fatly acids were omitted for clarity.
Values of fatty acid compesition are expressed as area
percent mean L SD. PI {Peroxidizability Index)

values are expressed as mean & SD.

*:p<<0.05, **: p<0.01, ***: p<0.00L.

THAFF TR S)DHIMBIMER L EbH T, PHER DT LT (129.2127.5)
eI D, HEAECERTICNEL S h o7

LB, 4EOBYWO ) LT, PHEARLEVEEZRLAZELVEy M TREEREASMMLAC
Ehb, BREHBOMO TBAE S PULEE ORI, SBEOSMTORYM THALIL L) DT LM
il ARSI TEF (R AW A
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#* 6 0.4ppm NOz £0.4ppm Oy DIREV AHE 2 BMREHE I B~ YA LENL

£y OO BRI O

Table 6 Changes of fatty acid composition of phospholipids in lungs of mice and guinea
pigs exposed continuously to the combined gases of 0.4ppm NO; and O3 for two

weeks
Control Exposed

{A) Mouse

14:0 1.86 = 0.08 2.26 £ 0.19%*
16:0 37.60 £ 0.44 39.42 £ 0.27***
16:1 6.04 £ 0.10 6.47 + 017***
18:0 11.00 £ 0.09 10.12 + 0.12***
181 10.04 + 0.18 9.45 + 0.15%**
18:2 7.01 £ 0.15 7.04 £ 0.14
204 8.78 + 0.07 8.85 + 0.15
22:4 "1.82 £ 0.06 1.50 + 0.06***
22:5 2.84 &+ 0.07 2.67 £ 0.07**
26 6.7 006 6.85 %008
PI 1292 £ 1.9 1275 + 0.7
{B} G.Pig

14:0 3,15 £ 0.21 3.45 + 0.18*
16:0 34.60 £ 1.16 41,43 + 1.93***
16:1 4.02 + 0.45 4.30 £ 0.45
18:0 11.52 £ 0.35 9.37 + 0.47%**
18:1 17.71 £ 0.49 16.17 £ 0.62***
18:2 9.91 £ 0.87 9.42 £ 1.22
20:4 8.37 + 0.39 6.61 + 0.43***
22:4 1.49 £ 0.12 1.13 + 0, 11%**
25 19005 14l % 00877
P 72.2 + 35 57.3 + 5.0%**

Minor components of fatty acids were omitted for clarity.

Values of fatty acid composition are expressed as area percent

mean = SD. PI (Peroxidizability Index} values are

expressed as mean + SD.
* 00,08, **: p<C0.0L, *** p<C0.00L

3.2 3 UVEHERRUEY AERR

4 OB O IBE LU NO; + 03(%50.4ppm) 2 A BRZFHOMO ) Y IREAMEER 7T IIRL
72o TIEy bid, NOz + Oz HREIZE D) VREHMBIZ O KELEBFALR, FA7 7 F VN
T 2 (PC) DEHEIKE (IIN46.2%—-54.7%) L, ZAT 7+ VVLY /=T 3 »(PE),
BAT T FINA S Y PN EKRAT » F UML) Y OREEST PI+HPS) RFAT 4 » XL
Y (Sph) DT RTEHA L, TNEFRAEEELRO N £/, F A7 75903 D) JH(LPC)
OEME A S#t, YTTATE, TLEy MEEETREZ WA, PCAEEICHINL, PE, PI+PS
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R Sph SEEFIZHA L7 LA L, LPCHELEy MBS E L, ETORA LR LI, 7
FTh, PCOBMMPE, Sph, LPC DEAHAHGH, Wh o HAEELED LN, LML,
FOEBEE Y AOBEL DA E otz —F, NAAY - T, PIHPS AL TATIIH LA
HEIZHA LU, AEE bR&Oh o7

BII0LZ4E, NO» 4 O3(%0.4ppm) % 2 HMBE LSBMOMOR) Y IREEOE(LER L,
EILEs FOMOEY) VEEERE, BRI THBRBLV0%OFELENET LI, w7 AD
Biog) G EE CEIMO 3B L ) CvED o0, BRERILIS BOHELIE
MERL, 7 v bCIRS BRIETHENHEICHML Tz, UL, NAZY—Tile CRE
ARbhhhoiz,

Y UREARRUEY YIEER WL, BEBRAROZEILER U, AREIREOREMATS
BN T ARFELT y b TEBHHNALR, HIZELTy PORESHETH > /2. LLLOE]L
DKL, TBA EOELE EMHIL L THwA X H LB bR,

3.2, 4 HMLEDEER

NOz + O3 (%0.4ppm) %5k 2 BWRBE L ZHYOROLE Y 3 » EIVE)ERUIEY /04
SH(NPSH) i %, #hEhextBRE LB L TRILCR LA VERBNLRAS LT FT8%
WmL7AS, = 7 2B e 2 EbLTELT» FTRHEC6 %@V LABETSHD, with
LHBE XL o7o NPSH BIE, w0 AT67%, NAAY—TiH95%, FLT7 v FTIO%DE
NENEBELHMETL, SRIIHLT, ELEy FTIEHBER &I L AEE N 2o,

£ .7 NOp & Q; DIRENZIZRF SN FERMON ) ~ EEAKOEL
Table 7 Changes of total phospholipids and phespholipid classes in lungs of various
animals exposed to the combined gases of nitrogen dioxide and ozone

Total
LPC Sph BC Pt + PS PE
Animals Phosphalipids (%) (%) (%) (%) (%)
(zmol Pi/g - lung)
Mouse  Control 39.2° 4 1.2 1.7 £ 0.2 95 0.2 46.9 £ 0.4 12.7 £ 0.2 21.9 & 0.6
N Exposed 42,5 £ 0.7%** 1.4 + 0.2* 8.6 £ 0.1***50.8 £ 0.5%**10.6 £ 0.2***20.7 + 0.2**
{108%) ( 82.4%) { 90.5%) (108.3%) { 83.5%) ( 94.5%)
Hamster  “OMtrel 3.8 £ 1.9 1.3 £ 0.1 10403 47404 129 %02 21.9 £ 0.3
Exposed 35.5 + 1.3 1.4 +£0.2 10,1 +0.2 47.0+05 124+ 0.2 22.i = 0.3
(99%) {(107.79%) (97.1%) {99.2%) (96.1%) (100.9%)
Rat Control 33.6 £ 0.6 1.9+ 0.1 10.2+01 47.1+06 125402 2.6+ 0.3
Exposed 35.5 + 1.6" 1.7 £ 0.1 9.2 £ 0.3***50.0 £ 0.8***12.2 £ 0.3 20.9 = 0.3*
(106%) { 89.5%) (90.2%) (106.2%) (102.5%) ( 96.8%)
- Control 34.6 = 1.4 08 +01 11,24 03 46.24 0.3 13,1 05 22.3 £ 04
B Exposed 45,2 + 3.4"** 1.5 4+ 0.3** 8.5 £ 0.6***54.7 £ 1.4%**11.4 £ 0.37¥17.4 £ 1.0***
(131%) (187.5%) {( 75.9%) {118.4%) { 87.0%) { 78.0%)

Unidentified components were omitted for clarity. The values are expressed as mean & SD.
Abbreviations: see Table 3 footnote. *: p<<0.05, **: p<0.01. ** * p<0.001,

—159-—



FENI BT - TR - BEk B

il
Wi
T

=

w
[=3
T

00 %
05 2
100 2

Total Phospholipids { p moles/g Lung )

Mouse Hamster Rat  G.Plg

[ 10 0.4ppm NO; £0.4ppm Oy DR & H 2 8E 2 HIEEE & 5 K HEEEBRTY
Ofto#y FEEROEL

Fig. 10  Comparison of the total phospholipid contents in lungs of the four control anim-
al species and animals exposed coatinuously to the combined gases of 0.4 ppm
NO; and 0.4 ppm Os for two weeks.[__J: control : NOo+Os group.
The values are expressed as mean + SD. *: p<0.05, ***: p<0.00}.

NOz + O3 (#0.4ppm) % 2 BHEEE LT COBH OO VE St & TBA fHOME #1212
L7zo £BWEATOSHEOE TH R LERRIC, AELEOHE RS S, HEER
DOAEXEF0.713L 7 h, ABWEHTOSBOBMOM THLRAM (| v | =0.455) & HF L <
EAUL, &8, WONPSHE L TBA EOMIZIE, SBENEGHTOSEOBYORTL LR/ L
IRHBLAENERO O L (ol THEDIERS, NO» + 03 W X BIEE BRI
AHMALTEMC R L-Cid, BB Ve FF 2 (GSH) & 0 & VE A°% DR Td 5 W REME AR
2,

—%, ARMEHETOSHOBY T, TBABELOHCEEISVEOHBEFRD L
(PI/VE + NPSH) D& EfE 22T, NO» + 03 (%0.4ppm) 2 EMBEEB 0L WO L Ke, BL
2 EMBHBHOLNENO TBABISH LCT 0 » b LAKEREEIBICR L, SEFICHE
7o E OB (r=0.761, p<0.001) A% S, AMMEENF O 5 HOBH T & n/-HB & DO
BENELNS, 2O EPDH, NOz + O3 (F0.4ppm) BEIZL Y OBRALIEHEX S, T 58
BOIRE QMBI & BRI T ARIEN, VERRUTGSHRIZ L > TRES R TV AN

NEZLN D,
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Fig. 11  Comparison of the vitamin E and nonprotein sulthydryls (NPSH) contents in
tungs of the four control animal species and animals exposed continuously to the
combined gases of 0.4 ppm NOz and 0.4 ppm O3 for two weeks respectively
The values are expressed as mean + SD. *: p<0.05, ***: p<0.00L.
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Fig. 12 Relation between TBA values and vitamin E contents in lungs of four animal
species exposed continuously to the combined gases of 0.4 ppm NOz and 0.4
ppm O3 for two weeks
@ Mouse. O: Hamster, B Rat, CI: G. pig.
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Fig. 13  Relation between TBA values and log (PI/VE - NPSH) in lungs of four animal
species exposed continuously to the combined gases of 0.4 ppm NQ: and 0.4
ppm Oz for two weeks
@: Mause, O: Hamster, 8 Rat, LI G. pig.

3.2 5 mE{bMRREN

NOp + 03 (#0.4ppm) H#EIZ £ 5 EZ 8D Glutathione peroxidase (GPx) RO EHEOEHEL %
[@14127R L7z, Cumene hydroperoxide #3H & L7 L 3@ GPx iEfEd, $-XCOEy CHE M
muLTwvrz, BELKELHRE L LBEO CPx L, NAAY — T %R L7o2s,
2 ARET v P TIIEEIIIIL Tuv72s Glucose-6-phosphate dehydrogenase (GEPD) fTE S, €
VEy PEASOTRTOBYTHERRMER L, ELEy MTHHEETEOAIEGERE A
H#7z, 6 -Phosphoglucenate dehydrogenase (6PGD) &, 7 » P CHREHELITLAEE DL LD o
72, TPARUNLAY —CEAFTEEML, TNVES +T %@ﬁﬁﬁrﬁlﬁ"& &Y, Glutathione
reductase (GR)IEHEIX, 7— # IR LTy, EOBIY TS HI M aMmid s sn
FHBELBLEEO LR E o7,

XI5 NOp + O3 (B 0. 4ppm) 2 BB R FH T L 5 £ 5% ¢ Glutathione S-transierase
(GSH-Tase), Superoxide dismutase (SOD}, Disulfide reductase (DSR) i& % @ %1k % 75 L 72,
GSH-Tase i5tid, BELIREOBMAE SR T T AL ELEy FTHEIIHEL L, M nR
F—dAHEICHm 7oy MANEREE (B ) i o7, SOD R, TTo# TN
LTEYH, e9RAENLRAY —TIEHEERM%EIR L7, DSRIGHE, ~7 A THESHML,
ENEy AN ER L AVEERR LA DL T, NAAT LTy M TIREICHE
A LTI,
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Fig. 14 Changes of the activities of glutathione peroxidase system enzymes in lungs of
four animal species exposed continuously to the combined gases of 0.4 ppm NO.
and 0.4 ppm O3 for two weeks

Contro! values were located the corresponding mean values in Table 3. The values are ex-
pressed as mean + SO, *: p<<0.05. **: p<0.01, ***: p<0.001.
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Fig. 15 Changes of the activities of glutathione S-transferase {GSH-Tase), superoxide
dismutase (SOD) and disulfide reductase (DSE) in lungs of four animal species
exposed continuously 1o the combined gases of 0.4 ppm NO2» and 0.4 ppm Q3 for
two weeks

Control values were located the corresponding mean values in Table 4. The values are ex-
pressed as mean £ SD. *: p<<0.05, **: p<L0.01, ***: p<0.001.
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4.1 AENFHETTORBOBBLEEREOMYEE L ZOREETFICOVT

AEETE, SHOERBWOLEANES T OMOBREIEE &% WER, HOBRLIRE
DEHE L AVZEE LWEIEENS D, ChoOEYRETAIRTELT, Moy Y BEPD
IR DM R AR IS T AR, ¥V IVERRURBIBE VY FF rm0HoOE
FHBECHLIEPHAL R E R T,

HEH O OBBLIFER Y TBA KGHHER L UTEE L8R, MioamtiEE oL
LARMEEEICL 5 TRE D, ZOEFEENAEVWLOTHLIZ LT RWAILA, 2O LI,
CHRED SRR O RSP MR b, EFICHERER T b oBRILIEE SR SN, L
L, EMEEVELLORT, BOOKRTIHIETRULOERY, RICBITLEMEELT
MELTBW DL AL RL, LPALEAZBNDLWITHEEET L LTEIRIRT S
BIZELZTWAENS L, 2Ol Lps, BE{EEES, £HRIE T LPOFEEEOS LY
BHThrHHENIEZ o b, B, BEMEE SO TR 7Oy 770 (PG
TUAYHA 7 ) v (PX) RN TEER RS Y R ARFEE TH A", 2512, Hemler
599813 PG AP FOMEME THAHT T X P UBEBENH LT TRERSAT,
AN T OBR LI E DAL AR TH B I L 2 ME LT D, 7, Viadimiroy 5%
TERHNOBREEREOEM @A L LT, 1) ABLEE IR BEREORTR AN 1t
RN SET, BOA 4 Bl RELAY, BEEHRAR) - EEEHELY T8I
EoT, VYRESOTHmERG L THAEZE, 2) MIEAROBELEEEEENEMET coM
FOBELFBEERELTVALI, REEHITTVA, ZOLILIEHE, BHEOEFEATIIA
B LR IE—EOLBELANCEH SRTED, ZORMEHLERRE S MNT L2210k -
T, MOREALETL TR DEEZLRD,

RICABFFETIE, MioAB LA H L L~V OBEE O 6, BRI EEOREE
FROWTOEELHAL, ARIUEERLHREH LTV 2ETFE LT, SEREEROEERS
ThH5) IBEORGEOHEI & BRI ARG, Bt EE L UhiRR B RGN
HEEE LT o) YEESROEESE ORI L BRI O BUSMEA: b BHE S 1L Peroxidi-
zability Index (PI {f) & TBA fEOMIZEZEDOHBIM: (r=0.886, p<0.001) HEHHI, E¥ I X E
WB%ETBAE@ﬁKdﬁwﬁ%0=A&%5p<&%hﬂmqﬁw1mﬁﬂw%ﬁﬁiﬂ7w
yF A LEZONHIEFEGY SHNPSH) B & TBA & ORI & B OMBYE (=—0.723, p<
0. 00 TS ENI, THHEOZ LG, CHALGE2ORTFAEMLIEE 04 L~ ORETI
WS LTWA I EATEE S, 3512, Kornbrast 577 @ in vitro TOHMEN S in vive TH
BELEEEROBERTE LY 320D TR VD, L ELLHN7 PI/VE % NPSH B CHIEL
#-(PI/VE - NPSH){# & TBA i & ORI TV (r=—0.904, p<0.001) BB
ZE)H 0 TBA fED XA (PI/VE « NPSH) fi2 & > THEWETSH L = LATRE N/,
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T/, EILAUTRLALNE, BEALOHBtERFEHEEMECL > TREBLE AT
Wz, YOEE L TRAELBOMB 2 RT L DE b o7, HREEEEOHS T, Superoxide
dismutase (SOD) IXJEH BRL OBBRAO—~DEEX N TV ERBERORA -/ —F 2 T
VHANRO; VERMAL LS B2 LS, T 7 Glutathione peroxidase (GPx) it FOa 4 F%
BLTLBETHLZ Lhn, FHIIREERIMIER e OBEL LURIEE ST,
KEETIE, ZEHORO SOD FEHE 7 FTRLBRWETTR LAY, B SEEKan
B nI EaEa R, T, SOD A LIE LIE0T DML S 0000 - g, il
TH O] OFEBEEPEPEII Lo TRELERDZES Vol Ltkyy, $7/2, SBMEN
FTORMEAR LG ORGRE L LT, 07 2 S0 EMEHRFEE (—TEESE, '0,; v Fus
DIVHI, HO - BEEARE, H 0 R 7)) —F VA NOREENEZ LRLD, RO Rt

FREDEBE L~V (PI/VE - NPSH) TIHFRESN B L6, BOEEBESL T VLD
GPx 2 SOD D L H ZBEF LV S (PI/VE - NPSHI L o THIEES R T D b L Bbh b, —7,
GPx iZDwTid, ZOBROREBR{EIIHBEE L RE 4 4 EEFEE CBE STy, A,
in vivo DEBTIL, NO RE" ™, 0 B8 D 4 &S ORREARIGELR S CHIE L7 GPx ¥Eo
M, F/Se KEZy FTORERPLY VELEOHME 0 Se e FIZL ZHH, S50
vito Th 03 AWHRIZ L 2BERE O BEELRIE D GPx ROEFIZL AHEYE1Tn o hTw
Lo L L&d s, REBRTIRIEO TBA AR LWV 2T GPx IR OE (, TBA s
HEMEVELEy FOGPxERIIBOTRWEW I LI BERELN, GPx X HIRY AR
MR R DRRE RV ENA Do 7 McCay %13 in vitre T? OF AR IT L B iR
HEHBUERIE GPx ROBINTH P ZHE XA, BHEERO S b, AfRfERREoORD 2k
BALIRREEEDMIZ A 6 R T, GPx X ONEME Faxut+L FEgTLazweHEL
TWVd, ZOLHI LI &ML, GPx ORTERCIFIER I, GPxIZX b Hy0p, DREIZL HiEN
BMESTHEOREFEORT (B 41, %14 2 OFEET TO Fenton UG & A HO « D4 K EIH
ZEYELTOWMBRLTRETHLEBbRAE, FL, 2ol LBERE»SEE LT < SN
EFOALAS Y FORTIERENSDEEET H SO Tidh v, HE, Sevanian 6%, 74
FiFz s — AR R Y — L THEE L /2 88E{LIEE A% Phospholipase Az DIER-TH O 1 &
H, CHATEMEGICTFET D GPx CHEIAH SML L2 B0AZLTnb, —4, &
5% 13 GPx, Glutathione reductase (GR), RICEI 7 ¥ F 4 (GSH)BERXFEH 7 » FOHD10
FXg L R L~AmIZHS L, T2 NADPH £ 314 T Cumene hydroperoxide ¥ BIC 24 5
AT, GPx, GR, GSH D FNEFNDERF100% ~300% T TR LTV o 2358, GSH & Hm
SHAEX, COROERIAVRLE L o2 0D, RERTO GPx G GSH EIZH <
HE SN TWADTREVAEB<TV A,
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4. 2 0.4ppm NO; &£0.4ppm O; DRAH ARBIC L 2 HOBM LI EEERTD
EEOKWEEICONT

AMETE, w2, N2AF—, Ty b, ELEy L O4EOEBEEYIC0. dppm NO, &
0.4ppm O3 DRAH 2% 1 ~ 2AMBEL, WOBRIEEZOEHRU 2 AMBBROMD ) &
FEGE ICB M S R, MR BRSO BRI OV THI LT, 2ORKE, Btk -
TELLEERTHEAN L OARWIE SN,

MOBREIE E I, <Y ARPELE y PTHEISHNL, SEEMICHT A RINETAS &
ENLTy POEMARSE Lol —F, UVEEHIIOWTHELE  FTHLRTEAR S
BET, RIMMAK TE/ SV I T 2 161 0)DEHFNKE <ML, J IRERRTIzAZ
ZrFINTNLPC)DOEELEORMEMBOTE ) VIREHEOBL %, SoUIM0R) VIEEE
ﬁ%mT%:t%EwﬁLtovﬁzwﬁmuyﬁﬁﬁ,%w%vbﬁ£ﬁ$uké<&#otﬁ
& [/ LA oE %R L7,

FEBRTROLN) Y IEOEL L EUOEIR N0 5 i 0s DEMBRERTLHED
bR Twh, FlAE, N0, BEICL > THOY Y IRED DO 3 F BEASINT 5 & L3k s %
N2 o THEE SN, Roehm 5" bBIE ¥ HV T~/ ECSD, 2D/ 3+ BAMINT
ABIEERDHTVD, O3 FBETL/ VT I VEAMT 22 L1, PCZ2WTHNLT A, i
122 T Roehm &% B 1F Menzel 5945, 2 FRRWIELTW 5, F 7z, Blank &% g 0¥
Kleinerman 55 i$, NO, BHTHO PC OGHER VWD Y ¥ IEROMNZHBE LT, —F,
P IF B ) VRECEALL Y ETABRCOVTR, BEFRMORIZ VT Okane 510
KEVBRBSNTEY, MTHREHED DBOBRIHHERO—2 L LTRLEShTVE, KER
BRTH, TNEy FTIPHEDIEL {ETL, ABLEEEHIC QWIERERIRICTIL LT
ZEDG, ENEY FTOY VIREOEFRHOERS VL OTMREELFLOND, £ { D
WHRIZ BT, VURERS )T — O | A, 2 G TEIEIEEE! PC AE RS T 53,
Bz BT l, 2MRfiEBimM PC THLE UV I M M ER 77 F Y00 » (DPPC) #°E
WA THEY, FERT, v ZRFELE Y FOMOY) YIRERARIML, FEHEETIE OV 3
F B, ) CREETI PC OSARSRBEMAS (BMLAZEDS, ThL0Y YIREOEL
{3 DPPC DEIIZERLTHLbDEEILND, —H, NLAZ D) YREIRIZEASELE
¥, Huber 5194 0 TR FE T HFORO ) & IGHHE R TSRS R - 2R it e oo 72 & 3R
HLTWB, 79 MIDWTIE, PCETHEOMMARY ) YIRERDO b HEEMEA S 0748
HEREREMLL /N 3 F VRO B WMARO b Nhh otz CRLEDI LG, NARY R
Z oy POMITE, v7ARELEY POLI L DPPCOBMRBRI o T nwb O EXSNE,
Mo B LI E ORINATAR B /2w 7 A8 ENE » FTOH DPPC DFFRB A RMAHB 2 h 2 -
&6, DPPCHINIIH T 5 A LERCRS A HH S h b, BBLISE A DPPC 223+ EE T
HHEVWIELHR, Cortesi 5'"WDA VA FRUE FRALFF 2 FO@O8S 2815
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A AT S5 L OB, Hil, Roehm 50 0; BHFITL ABIRE T O/ OV 3 5 BORINA
EY I VERZETSALEMTCINE Lo 0MEAL LRI LD EEDR S,
fiy RO MoEE0RS L FfciEdh o4 OMiaOBREREE: LTEE

L. Ef4EPD) CREOEHEIROZLEME, S8t 5 v mBitt 2 oIt g L iEyE
MAHDH LR ECHON TV, BT TDPPC ML CwaETEE, ShiCLDHE
DIREEOIETE, EOMENMEOEPET AT EL 6N, TAEMEREIC L 5N
REBEOVLL DL UTHEEREOR T2 AR S HEI LN THEZ L0, HEsLigE
OEINTER T 5 DPPC Oic L 2o E0ELS, M ERE 0Bt ORI o445, Tun
L ZEZL6NE. —H, D) L IBE L surfactant ODEFEEREE T & LTHEET, iz
DPPC id iz & RIEFHHAE I EAHMSRTE Y, surfactant DPTHE S EELBHEFRA LT
HLDEEZHNTWEY, SEILEHMADY) VIEHE & surfactant 1) > BEE % 578 L - #7 12
Thhh bR OB Blvd 29 ALEAT Y MMIBWT surfactant 1T 4 DPPC #3H
MLTVBIENEZLNE, FLTIOZLMRORMBEEERNEE LI EIL 5T, A8k
{ERB R IC X b REE S oM O B R, & BV idMilaisas (7 2 ik s) O P 2 B3 A
FFREATZONS Lthu,

DPPC OIS B LAS T ORI & B LT 2 FTREMEATREE S /2435, DPPC ORI & L
TRADE LI ENEZONSL, TTHE I, DPPC DEBAEDFEMILTH B, Thbb, B
#YVIREELMNL w2825, de novo EEGRDIEMEILICE D PCOESGHAE T 122
ENEZLRDL, LaL, ZORTERINL PCO2MITIAIE L A ERBMIEIAEREA 2,
B3 DPPC DEHE~NDFEG I P L VEZZ 6N TWAY 2 ens, RS, 1, 2 fffif pc %
BETBET Y MERS DV T ¥ VEEBROEMRLANET 21 b, Ichikawa 5743, NO» ¥
RELIT 9 FOWT, BT IOMEABETHH) SV F TN v AT 29 - VG,
PUF I VBT EREE LA R A, AR T A EER AR L D AEICE
FLAZERZBOTWA, BT, DPPCOGRIB 240 FORBROERVELLND,
Thomas 5712, NOy BET, “C-/90 I F VEEEBLY RAFHIO PC DEWSEH LRI AR 2
BELEERELTWE, BZIL, surfactant 2-&WH LA 5 [ BNk LML, NO, BET
b0y RETOLMIY 2 2 L HABEEMICHTDH SR THEHIEII = 2 L 42 DPPC DRI H S
LTwbZEbEILENE, ZOLH, DPPCOMIMCE L TIHBED L S 4% { DERVE L
HENED, INLEOERFLEOBEHFS L TWA01IionT, HEOEENZMERFZREN
DERHT LA LEROEELED T, 4HRBEIIRT LD L LEFH D EBDbR D,

=7, ZRHYOMOLEY I VERRS IV RELERERDO O o0A, FEEBM SH
(NPSH) 54 EVE » b UL OB CAHBIZBI LTV 720 Mustafa £ 10 8ppm 05 D 2 ~ 7 B
RETT v FOMO NPSH BAMT A2 L 2BHT b, JOX )R NPSH, TabbiRuls
N ¥ F 4 v (GSH) DB, NO, % O3 DELEM A6 Ml % (RE T 5 - b OFMBLELTH L L
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EZLbh b, £/, GSHEZ K DEMFRGIIMELTEY, £ OMBATTEOBEYEOD
AR ZHETH S, 1512, GSHITHROEE, BES A WEHBBCVETHL L0 5,
GSH DRI T B R Milg s ilia 2 L E £ S0 2 & WCHs LA TH TR b &
B,

Glutathione peroxidase (GPx) ZOBERFMN L, O8I T b, Glutathione reductase (GR) BV T,
EEBREMT A2 LB OONA, NO: 2 O BEI LY GPx ZABEGR B0 OERLERICD
VTR OREATEH 9 151838 - gy Gpx RREEOEMAL LB LRSI A R
THDHEEZGNT WA, —F, Chow 5% % Nishiki & 13 GPx iEHE B I BER LIS E
DI—=H -, LbEBRLT5D, AEROFECIHBBLEEOBMOALN 2oL A
F—t99 PCHLEOEMERNALNRLEIEDG, GPx PEB{LIREOY—F—HETHL L
THHRIELTREVEDICEbR S, T, Glucose-6 phosphate dehydrogenase i§¥ % 6
-Phosphogluconate dehydrogenase (& DRI TE A OMB OB EEEEE, VbW S 4EEE T
BENTHED, ChoOE k25 CBEICLEL X5 NADPH A 5 0235 LT
ZoTwBbDEZEZLRTWAY, LIdsT, RERTOIALBEREO LAY, NO, &
O3 iR L AEEDEEAEELR LD THE,E Lk,

Glutathione S-transferase (GSH-Tase) (513, BABLIEEoBmMOAL LR Y AR FFILE .,
P CHBEET Lz, Sagai 52243, NO, BBIZL 5 TT v b OICEARBLITE ORMNAH S h
FoREEAICIE, #0120 GSH-Tase M AMBET§ A I & 4O T, SHBRETHL a7 BRILE
EUABBAESEREBEIRE L > THESHH VW S L AR TV AT, Zotin
HEMN S, GSH-Tase {GEOE T BB ETIZ L » TAERLS WA D S0 L 2 TRESERS
had, ¥4b1H GSH-Tase DIEEFLOBEC>VTIXT WL TIEHZ VA, F» MIT GSH
Tase A SHABCHEZAAZ LML TWAEY Z L 48 GSH-Tase IFEHOETIZIFD
SH &P BEALIEE O TEBIL SR B L2040 Lt v, £7°, Superoxide dismutase
EEATNTOEY THMT AR LRI ERb, NO L O DIREFASRE L8O
BTA—MN—dFLFIYHLO0F )PFBLEL T EAEE XN, Disulfide reductase (DSR)
HEEILDWTRTYATOAML TV EDG, 2y 2AOMTERS Y AN T « FOERAEEIM
L7-mThEtE, & 2wkl 7z GSH B0 MIC DSR OiF I ESHFS L Tyl EL 6
%o

-}, REROZHMOMOEY S 3 - E(VE) i & TBA & ORIZE4EBIEE T TH o
B L0 bV r=0.826, p<0.001) "&b &, VE DHBEIEMAA, NO; & O3 DiREH
AEENO L S LIREGEUEERETIIBWT, FIEREL L WHSFEZ 5 b, o
LT, NPSHIZDW T, BERBEL L B4HOBPOP TRLIEDLNVOEP o2 ELEy T
BEEALIEEATE L L7272, NPSH R E TBA fEOMICABMEG T Tabhi L) MY
HRrEbehi ol ML, ) JHE O Peroxidizability Index (P1 ) 120w T 6, EAE
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HRETOLIZIEDHBEERASN R h otz LALEYS, 0 BERORBWOROARE
b EE, £RARETOBEOL HIT4HOHNO I BLELE » 2 FSHREY S L TR
TaE, AHOBYO TBA & 1og{PI/VE - NPSH)EO BRI IZITEBM LA T CHORS LD
FEELTEY, BEROBBRILBEREOEILL 10g{PI/VE - NPSH)THEHHBL S 5,

i, EAEy FOMTIREESSEEIOTETACLIEALT, SHOoEBRER,GEBEY 1%
BT 4wy, BELIRENEREAI 20V —ADF b & 12 A P-450% P-450ETREZ L L0
BELLBIEEEZLLE, BLE FOMO AL BEEHSEOEMOBTE EIL W B2 2
EVISHASY OBES S FR OB OHBIZET (MR L EZ 5L, TOHIIDWTIE,
BEELIEEEORERTF L LT log(PI/VE - NPSH) DELH L EHT, SHISIE sSNL T
L s vHETHLEELLNE,

=%, TOLIGHARBEERSRELZBWECALCTISECR, A& GTEEL
THOALFENELCEIRBE SN L LTS, FNHMRABICE YT 258 (HEHRSHERED
ERE), &5V EORHFAHE (FE - BRRIIBWTHELNO, R 03 28T 51EH
EBHAERL)EIL B 0THAVAL VI BMARICHL T B 2L, 3612, T
OEMEF—OFEBTHE T A bWt nid, BUEHIRZLEBEI VI LEEE
RLE, BYWOEEIIHTLWELETCHELEATHL LELNDLY, SHITELIFESL
LRERETHDEEDND,
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Changes of Collagen Metabolism-Related Factors in Lung,
Serum and Urine in

Rats Exposed Acutely and Chronically to Nitrogen Dioxide

TR - IR - ATRE R
Takamichi ICHINOSE!, Masaru SAGAI' and Kentaro KUBOTA'

E &

NGy DA MBMEHEERYITV, T7 -7 ABBERFOE(LE@-, MR
DEREFBOELE R 2 B = X LD T RA,

10ppm NO; 2 WM OO REERCAMO D 7 -7 &Rk 4 ~10H ST Tib
Bl 745 14H B CRKTT 2MIE %R Lz, MOARLIRERS BHEAMA G 20#IC
BmML, 4~7BBAFTELIMMLUAAAE H TR L AOVICR » 72 WERIEIR
FCI 7T AH, 148 BB L2 RE s hadt WRECMRhEORFKII7T B LY
URBOFHHFBEE ot RO ORKED SN ORZHRP IR LIERE o
S UARMLTnE EBbhb, —F, Mioasrd—vEkET 7 -7 SR
BORM LTV ARSI L, M HOP &b Z OEHITHIIL T /A%, 4B RO
BRI » 7 E T T 7 — PRER R L AL LD ETE LA, 37, By
23 o BRIEN E IUER O HOP & ORICH B2 EOHB D bl JOBENL,
a5 4 BHEEORINC L Y 35— 4 2 ORBHEEEA—BFRIC T L, (Ui HOP
BAINL7- b0 EBhNnD, —F, WRFNEOD I 7 PHERTHERE, NO. &
FWWIZIET L, MoMssbisaasRmm L ~nsE Lshh o2zl 7z, 2 Bim
OFHiz NOy 2% 2 HBETRMOT 7 47+ - EREEEIIH s b0 Bbh %,
37, WMo 54 F - FHERTESAIRT ¢ 508 itoaRtiERREL 275+ -
FEEEFEEEOBCHFELAOHKEEFRO bR, L, o7y +F-YEE
ATEMOBRTICL - THOD T -2 SBARET B & 3 RGO e ol =
F—F L OEBICHTPDLES T I w4 F ¥ - (MAO) M NO; BEWM D5 248

1. EAEWer SUSERI  T305 FWRILFLEERS H2RAT /163 2

Basic Medical Sciences Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.
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R L7 ZOEEDIG, NG REREIZL ST, 09— 03B e L Twb o &t
RSN,

0.4, 1.2RTF 4 ppm NO 180 A OMBHRBEEEBRTH, dppm BOAT2 57— &
BAE T LAz, MG HOP B3N+ 22 &% (, RHOP RIZNO i#E® LHIZD
NCERFTaMn %R L, 2R s @i, Mioss s+ — YHERTFERE NO,
MEDLERIIORTHIMT 2 ERL, £/, MO254F—ERIEREI. 2R
ppm BETHBIRT L2z, Miod> MAO &K UBBE{LIE B & 12 NO, i8I IC4KFF L T
Lo ZheOBESEDNS, Mo@BEE FUmnT 2 No, 21808 8T, Mo
977 - ERERTEEORMNE 27 4 F —PREMOE T IZL > T3 5 — 7 v 5k
PIERTL, ZO/%, RHOPKIET L, #1170, 7O05BEIRGETLTHLHE
UL oL 4ppmBETIT— 4 U EREINMT 24O THAZ LML LR S
7o SR LY WG L7 4ppm NO, BERPHED T 5 L OficBEOT T —
TURAEORENRH ORI LW REENLERE bR LT A,

Abstract

This study was done to clarify the mechanism of appearance of the lung fibrosis by
NOg, investigating the alteration in related factors of collagen metabolism in rats exposed
acutely and chronically to NO,.

In acute experiment of 10 ppm NOg, collagen contents in lung increased rapidly after
the second day, and reached to the maximum level at the 4th dey. Thereafter, the level was
remained to 10th day, but decreased at the 14th day. Lipid peroxides measured by thiobar-
bituric acid (TBA} reaction with lung homogenate increased from the first day, and then
reached to the maximum level from the 4th to 7th day. Thereafter, lipid peroxides level
returned to the control tevel after the 14th day.

Thickening of the wall of alveolar duct and adiacent alveoli and lung fibrosis were
observed by microscopical observation at the 7th and 14th day, but the degree of the thick-
ening at the 14th day was slightly less than that at the 7th day. This fact suggests that lipid
peroxide and collagen contents in lungs increased in the wall of the alveolar duct and
alveoli at the 7th day. When the collagen contents in lungs increased from the 4th to the
10th day, collagenolytic enzymes and serum hydroxyproline (HOP) increased also. There-
after the collagenolytic enzyme activity, the hydroxypreline contents in serum and urinary
HOP ratio (HOP: creatinine ratio in urine) decreased below the eontrot level. A significant
relationship between the collagenolytic enzyme activity in lungs and the hydroxyproline
contents in serum was observed.

Changes of the collagenase inhibitor (CI} activity in lungs and serum decreased from
the first to the Sth day, and then they rapidly increased. It seemed that the decrease of the
collagenolitic enzyme activity in lung at the 14th day was caused by the increment of the
collagenase inhibitor activity at this time point. When the CI activity in lungs decreased, a
significant and negative relationship between the lipid peroxides and the CI activity in
lungs was observed. But there was no evidence that the collagen decomposition was prom-
oted by the decrease of the CI activity in tungs, because HOP in serum did not increase
from the first to the third day. The activity of monoamine oxidase (MAQ) in lungs which
involves in the formation of cross-linking of collagen increased from the first day to the 4th
day, and then the maximum level was remained until the 14th day. A significant rela-
tionship between the lipid peroxides and the MAQ activity was observed. This result sug-
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gests that the formation of cross-linking of collagen was promoted by MAQO.

In chronic experiment of 0.4, 1.2 and 4 ppm NG, the collagen contents in lungs in-
creased in 4 ppm NO: exposure group, and the urinary HOP ratio was decreased with the
increment of NO, concentrations. inversely. The CI activity in lungs was increased with the
increment of NOp concentrations. On the other hand, the collagenoliticenzyme activity in
lungs decreased dose-dependently, and significant decreases were observed in 1.2 and 4
ppm NOj groups. The MAO activity and amounts of the lipid peroxides in lungs increased
dose-dependently, and a significant relationship was observed between them, These results
show clearly that the collagen contents in lungs increased in 4 ppm NOz group, in which the
ability of collagen decomposition decreased, because Cl activity in lungs and serum in-
creased, and this agree with the results of the morphological observation, which lung fibro-
sis was obsérved previouslyS)in 4 ppm NO; group. These results suggest that the decline of
the ability of the collagen decomposition and the increments of lipid peroxides are related
to the occurence of lung fibrosis by long-term exposure to NOg.

1 BUHIC

NO, BEIL L » THC LA Z 5 Z L3 8L (CHE SN TV 5, Freeman &Y 25ppm NO2
ZAOHBRE L9 v MIDWT, Stephans 52 i317ppm NOz \Z90HBIRE LT » MicDw T,
T4 Y1 4 ppm NO2 IC18P A RUTARMBRZE LT » POV THIOBED 27— 7 v
HOMEETEDHT VD, 56 ICEIREDEE T Freeman 54550 .8ppm NO, 108 2 EHREFE L7
S, PO, %70, Hattori 5%130.5ppm NOz i2 6 7 A MBER L7z~ 7 2 O ICAREE 220 T
VB, —J, NO2 BB Lo THIGEHEAIRI 52 & RS (M SR TV b, Haydon 5512
25ppm NO 135 HMEE LT » M2V T, Drozdz 5744 1 ppm NOz % 1 H 8 4", 180
ARBRLAELE s MIDWTHRELEDTWE, L L, Zhe oSEHEESHEEORE
Hu T AHaIcBH I TW R,

—7, NO; £#HICk Y, THOHECHGRTAEEbhalioas -4 ro#cME5T 541t
SEEE O b G ST b, Orthoefer 5% 121.21ppm @ NO; £0.31ppm @ NO, & B\ id
0.27ppm @ NOp & 2.05ppm D NO % 4 X (- SEMBHE LA LA, Moas—7 v ERfEBR
T#H % prolyl hydroxylase iftEASMT A5 Z L £ S LT b, T/, Hacker 5903 5 ppm @ NO2
R I2EFMRE LB 5 v FOMO D S =4 L EGAONC- 70 DR AHEEHEA, T
15— ADNC-T I ) Y ORN AT B L H s, NO RBICL - THOIZ 58
BAMBEST L E R WMELTVvA, LA L, Kleinerman &0 @425 — (&Y 7 ¥R 30ppm
NO; %21 HEBE T2 L0355 -#F L 5RF4HAHSI08 B TERTL, L7235 Y8R
Lo CBNTHET TS EEMEL T2, $72, Drozdz 57 & 1ppm O NO; % 1808 B R85 L7
ENEy FCRIIOEI T -7 Y ERMET L, —ATIERRI O Fuf s 7o) @55
TAIEFHELTHA, 77, Kosmidor 52 Kucharz 524 NO, BEILL > TENVE Y O
Rk Fofssoy vfidomdime s L efE L Tnh, 20X S, Kleinerman 5L,
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TOMER MO -7 EROBTCMED L VIR Fof 7oy » oM RioOss
Mg AROfECEE, $4bbiaElERN T30 THL LR L TS, 20K
AR, N A2 T~y EROBRT R ZBECT LW HEYHL - AT Hox 7 -
FUERERET AL GIHE LS, N AR T - o BHTHEMIICES LTwa D EATR
2htwib,

F7:, FoA HIEIC NO, B8 L o THICIILARILIIEARES 5 2 & # JE 1Y Lrods, B
LR E AR ST B HRE (R — = F 2 F - 7B, 0F )A prolyl hydroxylase {&1t% %
MELTT -4 VR A RSS2 2OV LME SN TS, Bleomycin® 22,85 a2 — M2k
BRFOBHLIIZDE IR0 KL oTas -7 EHRESNEI L - TRIBLDEE
ABENTWE, —F, PI—F LI AFDGRERETHLIAT 5T -V I Ry — Vg
¥+ 5 @ p-antitripsin (@ -1-AT) {FEAHE 4 OFEEBEE (07 , Ha 0s, - OH) T & o THAEMAL
ENBO L MG STV D, MiEH e -AT EHEOIT R AEAOET L BET 52 L2 s
BWESNTEY, Janoff 5234V oy Ry S a0BEFRELLT » FOMTIEa-1-ATD LT X
Y- PHERNFESPET T2 2RV, B L - TIHZAEANE Z HWREME & R L Tw
hHo FT/HGE, Pryor 5 b ¥ N OMICE T ND N LA L BEFG 7 ) —F VA NEILL 5
T @ \-proteinase inhibitor { @ ;P &M AREELEN L Z L2 HE LT, DL HIZ0; &F
a5 - ERPRE S, PO o NEEnIRENHL—FHT, 0; TIELD
ETBIEMEEESL 7Y -5 VA A e AT R a-PILOBERBRT 282 L, FhiiEE~D
ETEMET AR TS TARELES . LAL, BIEDL A NO; REIZL DI OH#
LA LFMIZED L) 2@ E~T, FOLI LR AA AL TRI - TwEOPETHLPIETE
TERARREESEIC L A REEEORAIC L s TEOTRETH 5,

¥, KEFEHEORBEREBIZET LEFMNITRIIB VT, NOy HHs R LE8RIME TR
HOHOP HeAstg$ 2220 Ll X n-TE b, SRS HOP HOMMEE OB £+ O35
ELTOHAMZMT L2 L TOHHTERETH S,

ARFFE Tid NO, O SR B RBER LTV, HEEREHL VX7 Y —F VLT L
L CHi?D Superoxide dismutase i51% & BEHEEEE T EEL, & NEOEE 35 -4 AL EE
BT OZE L L, ML ORARB & RED AN = A 2D WTRE T 5 L, BIEES
RIS CIEH SR TWARP HOP HOWME *BHOMIT 2 L THA .

2 HEEURE

EMEETIE10845 D )l © Wister R F » F#10ppmNOz (21, 2, 3, 4, 7, 10RIF14H
MR L 7, MRPEER T2 8 A Il Wistar Rl F » b £0.4, 1.25.0°4 ppm NO, 12187
AMESGRE L, ThoDF y FPRESLTONYFLITTAVY—A v Do r—TOBTHE
L. NO; BEIRAT LA - AF—VBF T AF v v = HOTHB D 0 L 512470 720 25,
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EMEBOT o FORREIE SRV ST, BRERLOELORTOTH /1, F7, B
RFRERTEIEES L, 0. 4ppm #E 7 UL, 1.2ppm BEL 4 ppm BRI EFNER LA 2 TH 2o
BERTHRS v P2 —FVHBT CHBR S 0 BUER L, L2 Ekis Lo TOBEL 7z, Bl
ONTHEMEF A HICEE L, BRA—7XICANRSC2 HMREBHE, 17 -7 railEilH
Ve, F 7, ABNEAERAEA CHER L TALHE L, —80°CIZEIFL, B TBAfE, £/ 73
Yo F Ly — ¥ (MAOQ) G, SoD M, 2yt -dRERRE IS - Y RERT ELON
TV,

@R LIS MR E A M T 0L BY, 0% FEY 4~ F0200Xg Ei§%HY, TBA Kb
Ohkawa & O H#EP T L > THV, Eid Ex 515, Em 553nm TOHENGRMEC L »70 £72, 0F
FREDMBARE L LT SOD iGHEE10% 5 € 3% — FD105,000Xg i & —EN LA T H
W, McCord & Fridovich @2 It o THISE Lize BEBRFMET7T LTI 4L LT
Lowry & OHEIZE o TR L. 27— YAABBEERT & LCRiRFMED2 74+ — €
AERTHEEOMER, 27— (Sigma 8, Type 1) & 27 %+ — ¥ (Sigma 118, Type V)
O, WAL OFEICE- CBIE L2 MRCMEFDa sy F—Eiltofme LTo
PZ-peptidase (T 7 4" — EXEIE M) 12 PZ-peptide (Sigma 11 8) % A v+ 5 Gries LOFEDIZL T
HE Lz, Zed, MOIEEORIEICIZI0%5E Y 4 — FD105.000Xg Lk Alviic,

B, MERUEPOL FOFs 70 - (HOP) EOERIEE 4 ORE L 6 NIEET, Mopaid
120°C -+ 2450, MLFF & FRIZ110°C - 18BEMIMNA 53814 Bergman & D E ITHE o TR L1 25,
WO FRFl 7o) v SfEdESEM s ARPTHRLLO RV, 34, RP7L7TF
= ¥ (Cre) it 12 Jaffe 5 D FHEM I THE L, KRS OWME 125 o THRF HOP & Cre It
(HOP/Cre, HOP ) #3R &7, AMFEROIE HOP HOMEL, NO; REUHBORIIDVWTOHR
TT 720 B MAO FGHEILFICAHEIE MAQ - B » Test Wako ¥ » b (n-= M UNZ N7 I VIEHE)
FRACTHEHRCITHE Lz, £/, SUEFESCBAMORBREFHREREILIZ Yy F6 LT
N EHEL, BFE7HFEMAEE, §43ET2DT v FEAVTIT-7. Midl0% k<)
YTEELTVa—WHEK-287 7 4 v EBE, 4~5 pDERERLER L, Hematoxylin-Eosin
(HE) #ef8 & Azan Mallory Befa (7 0 EE) 2R LR L /2.

38 B

3.1 SMRBER

3. 1.1 aA5—-FAHBERTOEL

kL FuFs 7))y HOP)RTRLARMD 2 9 —4 v && & i HOP BOBRELEE 1 IR
Lz Bioas—4&RIENO, RE 1B TCETERT L2d L 2 ~4 B BIHTTEHITWN
L, AHATUHBE LY 2%0AERMINER L. £0%, WHEITR4QELFEL L~V
FHB L WA B TR BIEIGES CEMERL, SO 6 $EEORMMIIL LT 57,
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{HOP) & xRS 2E4k,

Figz. 1 Time-dependent changes of hydroxyproline (HOP) contents in lung and serum
of rats exposed to 10 ppm NO; for 2 weeks

Control values of HOP in lung were located between 0.832 and 0.958mg/left lung, and cen-
trol values of HOP in serum were located between 44.8 and 50.7 p g/mi from the first
through the 14th day (O———: Serum HOP, @———: Lung HOP). The values are express-
ed as mean +5D {*: p<C0.05, **: p<<0.01}.

M#FH D HOP it NO, #F 1 HRC 5 %REETLAM3 D EICEMBLALVCE 1 F0
B4~10B BT THEEELY 5~ 7 %L, 108 BIZHELRMMER L, MBBIZQEH
UMIBHLID S RERT LAEEE DO, $74, BIIRT T8 ik HOP Bitltio= 7 —
FrEmERRALARRERERL, BEORMICRAELREDHME r=0.324, p<0.01, n=82) ¢
Bobhi,

FUIEHBEEL NO, BEBHOUMABORPL FOFL 70 ) v i 2 L7 F 22 H (HOP I %
U MEBEIIREBREROHBE: LAV 2E0S » FORRLMA, SE8LomE
R L7z MBEEETIL HOP O TEHEAN07.4411.3Th - 7228 LT NO, BREFTI288.618.4
Y, HBRELIOHBHENETTRLAEELED LN, JOEFEIME HOP EA14H BT
IR L D FEICRT LT R0 L (IELTwA,

i B WP R > PZ-peptidase iP5 (T 7 ' F — EHEN) OBBAEL 2R 2 TR L7, NO» BE
1 ~ 2 H Hii?) PZ-peptidase i TEDWE ML 2 VA%, 3 B E TIEIMIREE L ITIZF L LAV T,
A~10H BT RREELD 9~10%HML T, Lo L, 140 E CIIMBER L 1 6 %2k
Tl T, 3 HELEDO PZ-peptidase i§14 £ i HOP BORBELITELHLTEY, »
D3BHUBIEOVTAD EWEOEIZEHEERIEOME (=0.389, p<0.05, n=58)4BHrH N0
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# 1 10ppmNO; 22 HMEJE L7 v PORPEFIFS SOy 17 LT
F = v . (HOP Jt) %Ak

Table 1 The changes of hydroxyproline: creatinine ratio {HOP ratio) in urine of rats
exposed continuosly to 10 ppm NG for 2 weeks
The values are expressed as HOP/Crex 10°

Control NO: expos
MEAN 107.4 88.6
SD 11.3 8.4
% 100% 83%
p p<0.01

The values are expressed as HOP/Cre X 10*

130
120
110

100 k:

80

80

pZ-peptidase activity , % of control

N -
u-
'S

7 10 14
Exposure time ( days )

E 2 10ppmNO: 2 2HMBEELAIy bOMEMFOE—¥» b - ~TF
¥ — YiEtEogrsEi
Fig. 2  Time-dependent changes of PZ-peptidase (Collagenolytie enzymes) activity in

lung and serum of rats exposed to 10 ppm NOz for 2 weeks

Control values of PZ-peptidase activity in lung were located 6.23 and 7.95 units/mg - pro-
tein/h X 10%, and control values of PZ-peptidase activity in serum were located 51.2 and
75.9 units/m! from first through the 14th day (O — — —: Serum PZ-peptidase, @——:
Lung PZ-peptidase). The values are expressed as mean = SEM.

f1o —7F5, Hi%H 0 PZ peptidase FE1EIE NO: BFE 1 ~ 2 BB A THBRIDI2%~ 9 %EE
BN, 3SHECEMBLAVICE 7, LAL, 4 BEIKESEICHEELNITRETL, 262
ZOL~IVIEI4H B 1Tﬁﬁ_t, Blid> PZ-peptidase {&TE & R 2 R LR L7,
RIGRUMED T 74 4 - YHERTEROSHEER 3 R L, 0377 —ERE
HFEEIENO B IBEMLETL, 3HBICRE: 2V HmBLN2B% HET LA, £01E
RFELICEEL, THRICHABLAMSEL, 100 BB L ) 9 %ML, ZoLrbik
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Fig. 3 Time-dependent changes of collagenase inhibitor (CI) activity in lung and serum
of rats exposed to 10 ppm NO; for 2 weeks
Control values of CI activity in lung were located 18.5 and 26.5% inhibiton, and control
values of CI activity in serum were located 20.3 and 25.1% inhibiton from the first

through the 14th day ((O— — —: Serum CI, @——: Lung CI}. the values are expressed as
mean £ SEM (*: p<0.05).

BB ECHEHBELL, WEPOa 77— YRERTEEOME MRS, NO 2RI BHE»LET
LEBRTRONZEEDETIGREY, 308 CRIMBRIYIOSEFORTIZE T o7 £
D, AHBIZRAE L~ ZESE, THREBCEEEEL h20%EL, O L-ULiIEIFI4AR
BETRR LA, MRG0 75— ¥HERTHEICE TR 1 ~4 HE F THTE
ORICAE R EOME r=0.525, p<0.001) 57,

D MAC B4 IRTZECLHEASHINLIE LS, 4~14H BT CHEBHRL D26
~34%WmML, 2HEXRRIMEELEOMIIAEESR L,

3. 1. 2 H® Superoxide dismutase (SOD) &M L EBMLISEBRE U 27— 4 > {BEERF
Yok i: e |
B o SOD i & TBA @ Tl L7 B8R bR HE BN EILE K 5 2R L7z, Mo soD &k
NO: REIHETIONERETRHAMWEELETERL, 20#%, 7T~10HBAHTHRIELY
ETFHmML, MABBKRUXOFELHEMERL, HOBEEEEERERI NG, 2 2HE S
WICE LI ES, 4~THEIZATTERL-VICEL, HBELVH0SOFETLEINETL
foo FOHEIO~VH BT THBLAVIE-SCEMERL, MEBETRABTELY 9 % 08N
kot B, 1~4ABITOMO TBAEEMOD 75— FHERATHER & ORI
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Time-dependent changes of monoamine oxidase (MAQ) activity in lung of rats
exposed to 10 ppm NOg for 2 weeks

Control values of MAO activity were located 2445 and 2913 units/g - lung ifrom the first
through the 14th day. The values are expressed as mean % SD{*: p<0.05, **: p<0.01,

*E* p<D.001).
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10ppm NQ 2 2 AMBEE LT » PORORA—2—FF L F . 71 2 4
¥ — ¥ (SOD) iEME & TBA fEOEEREL

Time-dependent changes of TBA reactants and superoxide dismutase(SOD)

activity in lung of rats exposed to 10 ppm NO, for 2 weeks

Control values of TBA reactant were located 17.7 and 31.9 n moles/g - lung, and control

value of SOD activity were located 26.0 and 33.3 units/mg * protein/min from the first
through the l4th day (@—— TBA reactants, ()— — —: SOD). The values are expressed
as mean £ SD (**%: p<0.01, ***; p<0.001).
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AHELBEOEME G=—0.58, p<0.00)EEB LN, 74, MO TRBAEEQFEOaF 4+ —¥H
ERFEHE ORI L ADHE-IED S,

3. 1. 3 EOXPERRNAR

NO: £ZE7THHTRE6 (IR L {, MAREXESH, S MBI, TR OIEE £ 8T
OBHEALAR LN, /2, BREICEELCRRECSEEoBEE SR o, UL, Ml
2L EANNSEEEOT LIRS SRR ok, NO: REMOBE TR 7HE & b ks EE
BBETH -,

6 1ppm NG, EFE7THE® S » F OFfi (Azan Mallory ), FHAEHEEE R O
ATt EE DR - BRMEAL (FHE R X 50)

Fig. 6 Rat lung exposed to nitrogen dioxide of 10 ppm for 7 days, {Azan Mallory
staining)

Thickening of the wall of the alveolar duct and adjacent alveoli, advanced fibrosis. {original
mag X 50)

3,2 BHRERER

3. 2.1 a5 AHEERFRAUEHOEB{LEEROE(L
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Fig. 7  The changes of the contents of hydroxyproline (HOP) in lung (A) and serum (B},
hydroxypreline: Creatinine ratic (HOP/Cre) in urine {C) of rats exposed con-
tinupusly to 0.4, 1.2 and 4 ppm NO; for 18 months

The values expressed as mean + SEM (C: Control group, 1: .4 ppm group, 2: 1.2 ppm
group, 3: 4 ppm group).
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Fig. 8 The changes of PZ-peptidase {collagenolytic enzymes) activity in lung(A) and
serum (B} of rats exposed continuously to 0.4, 1.2 and 4 ppm NO; for 18
months

)

PZ-peptidaose in lung ( units/mg.prot/hr)

The values are expressed as mean + SEM (C: Control group; 1: 0.4 ppm group; 2: 1.2 ppm
group; 3, 4ppm group), (*: p<0.05, **: p<0.01).
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Fig. 9 The changes of collagenase inhibitor (CI) activity in lung (A) and serum
(B) of rats exposed continuously to 0.4, 1.2 and 4 ppm NO; for 18 months

The values are expressed as mean + SEM (C: Control group, 1: 0.4 ppm group, 2: 1.2 ppm
group, 3: 4 ppm group).
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Fig. 10 The changes of monoamine oxidase (MAQ) activity in lung(A} and TBA reac-

tants in lung{B) of rats exposed continuously to 0.4, 1.2 and 4 ppm NO; for 18
months

The values are expressed as mean + SEM (C: Contral group, 1: 0.4 ppm group, 2:1.2 ppm
group. 3: 4 ppm group) (**: p<0.01, ***: p<0.001),
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I-16 ZRILERRES S v MR FRPO
TOZXRTIL YRR POV RS YL B SRICRIEFTHE
Effects of Nitrogen Dioxide Exposure on the Contents

of Prostaglandins and Thromboxane B; in Broncho Alveolar Lavage*

ANBREETA
Takahiro KOBAYASHI

2 5

ZEERENO) Y RELABEOT v FOMRKHBEFO TRy 5V 0 (PG)H
RO O v By (TXB) BRI THBIIM L THRE L IEW 5 » F—IL(EH
399t 16g) H/- 0 OERMBAKLEHFO PCEE TXB, RIEUTO LB Y Th 5 /2, PGl
(38.016.4ng) >TXB;(11.8+4.0ng} >PGFaa (5.7+1.6ng) > >PGE(0.5£0.3ng) 7 »
F&10ppm NOz 421, 3, 5, 7, YUBMBETAL LT » F—LHh OLMBEERE
o PGl 803, —H MR BEHIZE65% 126 L, TOEREEYE T Z ol KErsE- 72,
CHICH L TXB St L 5 B SRR (155%) & % o 229%, LB NO, BE R ETL &
TXB: B R EIZWD LHBEO LNV IIR -0 PGFre RUTPGE &R 1 ORMERET
AL IHERTS HEARFECH B im L4 7 R4 OMBEZ I CEH AR
WA L7z, PGF2o MU PGE BASHIIN L 2B 55 C, PGF. % PGE £ UL, TiEHILY
BYBAS YT P /-15-e FOoF i —Fe Fay+—¥ (PG Fk For+—¥) Ot
B, WDFEZRA - P TETFLTWL I LRSI,

HEOREESG, NO RFILL ) KREOERHOMWEEROSH % PGL, B PGE R AT
BAL, WSEROHD TXA, DRBW TH D TXB: BT PGF. SRMFEIMLA-Z &I
£0, REFNHELLTWHRICEEF TR T ATREFZ 2605,

Abstract

Effects of 10 ppm nitrogen dioxide (NO;) exposure on the contents of prostaglandins
{PGs) and thromboxane (TX) B; in broncho alveolar lavage (BAL) of rats were studied.

1. B AERR BREAEE T305 RKEKETE R NEFI16%E 2
Basic Medical Sciences Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
[baraki 305, Japan.

* LD KEIL Prostaglandins, 31, 469—475(1986) L RE L4 OTH D,
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[n the BAL of normal rats, the amounts of PGs and TXB; in the whole lavage were PGl
(38.016.4ng} >TXB; (11.81x4.0ng) >PGF,. (5.7:+1.6ng} > >PGE (0.540.3ng).
Rats were exposed to NO; for 1, 3, 5, 7 and 14 days. The NO; exposure decreased in the
level of PGl by about 35% throughout the exposure. The level of TXB; was higher in the
day 5 exposure group (155%). The contents of PGF;. and PGE first, decreased and then
transiently increased on days 3 and 5. PG 15-hydroxy-dehydrogenase activity of lung
homogenate decreased correspondingly on days 3 and 5. Then the centents PGF;. and PGE
decreased on days 7 and 14.

PGIz and TXA; are a bronchorelaxant, and a strong bronchoconstrictor respectively.
Therefore the results suggested that the decrease in PGIy a major prostanoid in the BAL
and the increase in TXB; {metabolite of TXA2) may correlate with broncho constriction by
NOz exposure.

1 oic

FF O 70T F - EERRAECHTEEL BRI 2R LTS, PGLP &
TR T BT AR RO, TXAS % PGFL. T A RIS A R R T,
> THlBEFHPTOING Ly ad F 17 —YEPWOSROEE, BAE, MREE
, MO EERRE Y RIFTEEIORL, —F, 4 EBEDOME NO, R4
EEIFMOT I N U B B2 ¢ L2 BELTERYY, S bbb 5 5 MIBW Tt
7% FoBREOEENTSH D PCL OARIENA NO; BEIL o TR T A LE RV
L7260 2D PGl DERIEEOE T I MAMED TXA, SEAMNT 22 L 2 BB LT A, —F,
FEMO PG 7 FOr+t — PR FRTFT S22 2 088G shTwaY, coz ki, B
@ PGE # PGFra OFEREICHEE 2 RITT EHIILLEELLNL, FI TN HHIZL S
BENDEBOBITOT 0, SEPLLELOEHEHONE & W% RITT PCER

U TXBz DIfaBEEEH O FE~OREE LRI L7z,

2 BEEFE
2.1 EBREY
1B Jel: Wistar RHEET » F (BB 6 0) # A7,

2.2 NO:2EB

NO» £ 12 10ppm NO: 2 A 81.39m° DEFEF + /- A FER110~120m/h Tk L 1, 3, 5,
AES v MCRETBEHEYE o7, Fy o A—PFUTIEENE 1°C, BS54+ 5 %ISR/ 4L

7. 14
f;o

—198—



WkEHEFO s ot 3 Y- ERAKEEER

2. 3 MlaORE$

R O HEHH X 10m DKE L7z ¥Ry a0 Ca, Mg RS VEHBER* REPLEALELA
g 3T - 72 %A A0S & 52", Lt 302 1 0B E8m %, 2, 3@
BiE&10m FEUL L7 B0 5 N7 BEiHE3.000rpm T2 ML LA S RE L, £0Li%
Mt s L7,

2.4 SVFLLI/TuEA

M E R A ROy /- VEMABREDRBEELZBELEZ VAL T » A AOGER
RSB L L7, POL BUPGE RENFRERLBYATSH S 6 -keto-PGFy . KU PGB
ELTHIEIHE L e 6 -keto-PGF)» B 0F TXBy {2 New England Nuclear #5 PHIRIA % » |} %
PGFzo B UF PGE i3 Travenol $#8 (PHIRIA ¥ » b % H\VTHIE L 720

2.5 BAEYZ— MO PG TEFDFF—EEEOREE

B L 2500mg O % 2 mt OKA L7z b A-SEEERE R (pH 8.4, 1/IWOM)THREY 4 AL,
MoARE k- bl.0mg E102Ci @[5, 6, 8, 11, 12, 14, 15(n}-*H]-PGE2(160Ci/mmol} &
8mM @ B -NAD™Y & HAZH0.5m @ b)) A-TEEERREH L 3T°CT200 M A » F o ~N—F L7z IN
BRESZIIA pH 2 312 LB E 17, B TH B 15-0x0-PGE, HEF 7 OT M 574 -2k
DARELT. BRIAEIIEEEE T FIL/2,2,4- ) A F -~ v o JBEEE/ K (11/5/3/10) RO A HERE
TR, BAHEUEYEERES VA raw 374 —IL WG L, BARESMET VT
TURMERY LT Lowry HSOHEPICE BIE L

2. 6 HEtoE
PG Bl IFIZ TXB, D& RiIT T » M 1 IES - Dok PicEInsid s LPEHiEL SD
T4 L72o Wi Student O ¢ ME & A7,

3 8 2

FHAETy P1RLE ) oGRS O PG E TXB, O E R PGl (38.016.4ng) >
TXBy{11.8+4.0ng) >PGFa. (5.7=1.6ng) > >PGE{0.510.3ng) Th o7z (1),

X 2 {2 NO, £ CEMRRFHET O PCL EBMEATH I LR Lz, PCLEEIZ 1 HERE
TEECHBICEA 65%) L, #O% PCL eI LT (59~66%) AAE T TRIML &b o
72e

[ 312 NO; BEHFEMMBRETO TXB, SRICRITTHELR LA, TXB KA NO, #ET 5
AL S HREBRICBAN5%) %, FO®RELIHBREOEIZRSZLAHLH,
W%~ 720
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Contents of PGs and TXB: in the BAL of normal rats

The levels of PGl is expressed as the contents of 6-keto-PGF) . respectively. Values are

means ¥ SD for 6 rats.
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Changes in the level of PGl in the BAL by NOs {10ppm) exposure
Values are means *+ SD for 6 rats. * *and *: t-test as compared with rats exposed to only

fittered air, p<<0.01 and p<{.05 respectively,
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4, E5IEME T O PCFe MU PGE SRICRIZT NO, REOBELR LT, W
L1 BMEBCHEBEIED (FRFNY%, 4%) L. FOH 3 BERE (Fh2h122%, 164%)
RS BEEE (Fh#7N0120%, 134%) C—RIBnL7, FORFTRL L.

[ 6 iZ PGF2z B IFPGE A4 2 PG 7k FO¥+ —CiFHIC RITT NO; REORB LR LI,

Fig.

Fig.

10p

L J

b1 1 L3 x 1 | T S e bod
01 3 5 7 14
Time of NO2 Exposure

<8, (ng/whaole lung lavage)

NO,{10ppm) $ 35 4- & A MR PO TXB, HROEL

Changes in the level of TXB; in the BAL by NOs (10ppm) exposure

Values are means + SD for 6 rats. *: t-test as compared with rats exposed to filtered air,
p<0.05.
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Changes in the content of PGFza in the BAL by NO: {10ppm) exposure

Values are means + S for 6 rats. * *® and * *: t-est as compared with rats exposed 10
filtered air, p<<0.001 and p<<0.0l, respectively.
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Values are means + SD for 6 rats. and *: t-test as compared with rats exposed to fil-

tered air, p<{0.01 and p<0.05, respectively.
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filtered air, p<0.001 and p<0.05 respectively.
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SHMBEEZRPOABEIIRATHILEES R, S HEEETR/MIZ Y URRAICEEL T
(T EHRWIEENT,

4 £ =

SEOREBERHFED O NO, ZEIZL VMBEREGO PCL SEVEBATAZEAHL NI
Too BRIS, A WMOTEY 32— FOPGL SEEMITNO: BFIILIVETTLIE2RWIELT
27259 Mok E YR b0 PGL ARUENE 10ppm NO: 0 3 B BEECRAKIC 22 2 12810 2 10 F
BL, UHEEBEETHEBEOEIIR - TWAI L 2HE L, —7F, SEOERD SMEsE
D PGl FHII NO; FEICL Y 1 HELLBELL, TOHA LR UEMEHEEZLES, M
DRET A — FOBEEEFH LI ENFHLIIE 272, MiRRPEEO LRSI, 5D PGl DR
HABRBEHE T O PCL FRICEILKREND & T4 &, NOp BBALL PV EO D REIC
& DR R R O LM H 0 PO ARHEH IRV IEIICEE SN T LR S nE, $ 1
Ml PLREEEIINO KELERTWALY, BT LA PCL ARG RERFZORELL Y
DEZEZLND, —Fh, MOREY & — FILEAE#MELZ &0 LEERORBOMRBLETLT
WAEDT NO IZ& % PGl SHIEE MO PCL R ET 2680, HERE /- 0L
ZZHoNb, SO EENO, FHFIZLDMEMED PGE, SHHEM 3 ARICRKE 2 D 14AER
BHRICREET LI EALW L HHEIND,

FRAZKTRL BRI M @ TXB i3 5 HHBRHRICRKICE Y FORMGBHEOEIIRE 72, TDNO,
REOBRIIM P O MAREEED LI/MEO TX A S RIEHEENL TV B T L I3RICHRE L TE
2P LArhS o T NG BERIC L DIVIMIISEE LT R Y, M/MEOSEEIEMNEICEET Y
TXAz TEHL, ZOEE SN TXAZ(TXA: DP B0 EEL OT TXB 12T CERE1LS)
DRI BT L I A o T 2 EA TR, mDWMO-HEEZ LMD,

PGFze RUPGE X1 HHBEBTHA LN ZECL V704 F 07— Y OEENET
LTvaATiENE 2z bNL, £ 0% PGF« RUTPGE OHRIZ 3 ARIFS DHRERIZHINT 2,
MDD PGF. RIFPGE W PG F L Fu v+ —HIlL Wiz | EERT A LITEALFABENS
ZEFHLN TS, 2O PG Fe Fo ' —¥iEthix 3 HRUS HMEREEIIML Lz, Liths
TZ OO PGFoa B U PGE DA PG 7 F a4 — PIEMEOE T IR LTy B gEME A
Eibhb,

NOz £ L B SHHET O PG B2 TXB, SROEMZFHRB RO LD LD 28
SRDURENFSHLTHA Ih, NSO XL X T —EREHOLHPTH PCL FKE DT
BHTMWEL, TXA BBREBTL2 LN TV A, EERRETIR IO PCEL 2EORE
DHIFAROHLYHKL TXA: 2 FOCREOVPEHROD DWHEHH L VT e RoTWVHLER
BN Do NO, EHIC L ) PGL A7 L TXA: DB TH S TXB 2HEM L2 LIS & D IEER
BETOFMAH AL LTV HEITws o LEI bR,
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I-17  TaaF+ aRREFEHATEORE, EVIC
Ty FOEERBICHT I ARBEFEMICKIITT
“RAEBRENIFV O FBOEHE
A New Method for Assay of the Glutathione Synthesis Enzymes and the
Effects of Exposure to Nitrogen Dioxide or Ozone on the Activity of

the Enzymes in Rat Tissues

B - R - = 5!
Meiji KAWATA!, Yuji TAKAHASHI and Takashi MIURA!

L=

Ty POFEHERCE, F Moy F o ERAER(Y-FAYIAL AT Y
PFT RIS FA Do F Iy —E)ORIGREHE L, US4 RY & mEks
e b7 —EDPETARLYFEARE L, ColEEREEETHN, 2
DHEZIYINETTHE S TR L 7Ry 54 v SRABRTEEEHE L
e T LI EDNERHICR 7 I T F 4 R BREREERMIIRELEIRON,
Weat Lo o B D BERE O T, B, BoMRICEAL L, HICiicbywiE L {
BV EEIR L7z, RICH U KRR L7-EE # AT TR EE R (NO,), v (0 &5
I e FPORHEBBRICEBTAE TN F A SR RREEIIRIITRE R~

Jel: Wistar RS » M2, 4.0ppm NO; XiX0.4ppm, 0.8ppm Qs % 14 HRARRK B (7
WAL, Bior-2rs i i 2A5fri sy -HigtEOBH @ LE, Y-S5
SANVAFA YT I —EiEtkE, 4 ppm NOp RFE R U0.4ppm Oy R 5% TRFIAR ot
BELBEENTERRON LD 72 0.8ppm O RETEIHHE 7 B BB SIIHML,
EOR/WEIR4EE T THRES . —F, BT, 0.2ppm, 0.4ppm O3 % 3 A~ A B
WBRELIGAMERLLILABILOAFELBINER L, BT, 32ANERY
EHhwWIn s HELE(LERE L o710

L. EOEAEREET REAHEE 7305 FR RS maka /T 16% 2
Basic Medical Sciences Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.
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Abstract

A new method for the assay of the glutathione synthesis enzymes (7 -plutamylcysteine
synthetase and glutathione synthetase) in rat tissues (kidney, liver, and lung) was de-
veloped by using high-performance liquid chromatography. The activity of the glutathione
synthesis enzymes in tissues decreased in the order: kidney, liver and lung.

This sensitive assay method was used to examine the effects of exposure to nitrogen
dioxide or ozone on the activity of the enzymes in rat tissues. Male Wistar rats were ex-
posed to 4.0 ppm NO; or 0.4 and 0.8 ppm Oj daily for 7 hours for 14 days and the activity
of 7 -glutamylcysteine synthetase of rat lung was determined. While exposure to 4.0 ppm
NO; or 0.4 ppm Oy did not affect the enzyme activity, an exposure to 0.8 ppm Qg increased
signicicantly the enzyme activity after 7 days of exposure, and the increased activity was
maintained throughont the exposure period. Continuous exposures of rats to 0.2 and 0.4
ppm O3 for 3 months did not affect the activities of both 7 -glutamylcysteine synthetase and
glutathione synthetase in kidney and liver,

1 @LUsic

CHETOMRICECT, WEWEKREO ZBILETE N0 A V> (00 %7 » MREL,
Wi &t SH(NPSH), BITE V& F+ » (GSH), B LR 7V ¥+ 2 » (GSSG) B D EEICD
WTIRE L7z, +O8R, RER CHMICHEET 25T SHALEHOBE £ 753 NPSH 25880+
A%, TOREFIZCSH THHZ L, X, 0; FBHETIICSSC | 245, £OHINE GSH
DI HRB EH L (EWETH A Z ez LY,

Mustafa 5 130.8ppm O3 % 7 v MCRBET 2 &, Wi NPSH Xt GSH SR8 MT 5 & 4612
SH U A BEE (sulfhydryl matabolizing enzymes : ¥ VW& F 4 L ¥F I & — ¥, V2N T7 4 FL ¥
Y, FNFFF—TANT 4 F T AL FRAF—E)OEEL LENT 22 £ HL
ML, TOZEREMIZHIT A GSH DI & - THHIR IS4 A BERREI B S b &
HERLTD, LELIO=Z>OBFRESHELAT2{L6WOBLErETT 2 RIC LT 5
LOTH-T, FAYT4+ rBEOBRICHEHERS TH8ETERY.

GSH DAEFHIIE, FAFF4 - ERRBERE Y- YAIINLATA L v F s —ERUTL
YFF Ty -¥)WESLTEY, FREVERLR0E L GSHORBICHT 25 o
B B AT VROV T E EEAT DR TR,

GSH MY A EEMLER W G AT 528120, NOy LIk 0: BEHS » OSBRI
By ngF+ SR ABIREHIRIITERI D0 TR ST O LEAS D, F2TFTE,
B, W07 Ny 54 v GRARFEGEEOWEEIC OV TRET L,

iz, FLAHRBRLABERE I O b YT 74— 12E B0 F4 v ERFRESHNEEY
HC, NOp X O3 BFE N7 v FOBEEBRIBIL I VY T4 SRABERRIIRITTEE
IV TRF A7,
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2 F &k

2.1 BREARORY

Jel : Wistar BT » b % L — 7 VRRELT CHEIRA GEROL L 72D %, (A 50.95% NaCl %%
ALTH, BRUELER LA M, FERUFIZ0.15M KCI-10mM b V) AFBHIE (pH7.4) 22 T
FELUFA XL, FRFNIm, T5mi BOFIZm & Uiz, FEV A= FE10,000Xg T M0
LTHLAA LFTHIZI05,000Xg TEOSEEL Lz, COLEEE SIS FF FRABEDR
HRlEABRRE L TR,

2.2 & ¥

MIM b)) A EEEH R (pHS.2, 0.2M MgCl,, 1mM EDTA), @ 1M b A —SHEE i
(pH8.5, 1M KCl, 0.1M MgCly), @ 0.05M # % = v B, @ 0.05M -7 3 /BB, & 0.05M
Y-F Ry IN-a-T I )M, @ 00EMY Yy, D1 %EMBETLTIy, @ 0.05M ATP,
@ 1.8M b1 7 0 OEERE

YUY INYRFA Y TS - CERBEC BT AREE LT, X, SIS FA YT
F—CENIEIC B L EENE L LTHRERY - LY I V-e-7 3 JBEEIE, Waley K EY
KEOEM LA, FLPIVEBOYEOFIVEFIARET TV FELLVERIELEDS a-7 32
MR LSS, WA NER VE L ARBRELEMBETICL > TRETLAHEILLD Y
SUNEIN-a-T IR SEL, SEliksr < X7 - RUBESICI DFEL,

2,3 BRERE

2.3, 1 Y-TREAINVRAFTA LT o—¥

MOBEBEREIE,OIM b 2RREHE (pH8.2)0.1ml, @ 0.05M ¥V ¥ I VERO. 1mi,
@ 0.05M a-7 3 /EEEE0.1md, D1 %4 MET V73 ¥0.1ml &R R BENS0 pf, HO
450 e} RIRFIL,37°C, 55TV A »F 2 m— 3 > U, & 0.05M ATP 0. 1md 3 I0Z T37°C,
S0FRIRIC &4, @1.8M F U2 TORERR0. Iml 2 INZ TRIC#MFIL L, 6050£122,300X g T304
FLELCLTHRLONRE LiF2 O AREE L

RO RENEC R, RE O @ @ @FFhFN0.2m HLY, BEFEMI5 #1, H0 985
pl, BE ® 0.2ml FHWITC, 200HBUIEE Y, R#E @ 0.2m FMLTCHREAL, Z0OL0H
TR DHE EFRIAT - 72 BROBEFENECRAE @, @, @, @ FhEn0.6m B,
BERHI0 24, H:02.99mi, 3E ® 0.6mi AV, 37°C, 0BG SH, RE @ 0.6ml ¥MZ
ThR&EH LAObELMI Ly Biwiss,

2.3 2 TNEFALYTH—H
MogZEENEC ), @1M b)) 2A—ERHEE® (pHS8.5)0.1ml, B 0.0BM ¥ -7V 7 I )b-a
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73RO Im, & 0.05M £V 3 r0.1m, D1 %HMBEBTATIL00In ORBREE OB ER
50 pd, HaO450 ! %iRATL, 37°C, 59TV A v Fa~—3ra > L, & 0.05MATP 0.1ml
A T3ITC, 60FMRIGEE, @1.8M + ) 2 U OB Inl #MA TRIGEEIEL, 60512
2,300% g TIOFMELLTHLRL LT MTHRE L L,
FHROBERESEAECE, {8 ©,6,®, O 200, 1nl BY, BEFEI0 kI, H0490 xt,
WE® 0.Im 2z, 37°C, 200MEE s, RE O 0.1m TWATREAL, FOMROEME
B OGE & FRIZIT o 700 WROBZEGEHEECEIRE @, ©, ® O%r+hTho. Im Hh,
BEEMI0 pl, HO490pl, B¥E ® 0.1ml #MA, 37°C, 1W0H0BRIGE¢, #H%E @ 0.dmt ¥A
THREE LOLEMIL ) L 2B,

2. 4 BEE8HORE

FEROBERCII L o TERTAY -y I N-a-TI JBBREY-F VT IN-a-TI)7
FONT v RBA 4 AWM S 7 A (4, 0mm X 500mm, Hitachi Custom No, 2619) IZFETA L,
0.14M » £ » B Y F 17 AARFH (pHI.2) 12 & 1 B0, 0wt/ min THHSEEL 720 K\ TBISH B
FTI/EBONEH I DER L, V-FMI I NI ATA YT v T I~ BRIV FF 20 F
¥ — B, IF, EERMICEINAHAEER (ng) B0 TR L, HAERE, Lowry 517
OFEIZ L HPEEL 7.

2.5 RBR2H

EHEBRITIX Jo) D Wistar RS » PEER L, 19857 » Fi24.0ppm NO: % 14 B HIRIR
BE(TW/A L, 238SDF v b * B\T0. 4ppm B TF0.8ppm Oz ¥ 14H BIE R % (7 h/d) L7
F 71984 DT » M0, 2ppm U0, 4ppm O3 % 3 2 A BESERE L7,

3 B R

CHETIIHRE SN TV /Ly F4 P ERABRREENEERE L LURVWBREREH TS
HHER UER T MR L L2 DTH L, FOMEEZUR LT, BRGNS 2 mERhs o
M54l S THETAD LD T A, BRERLSOSEESFHTITLZIL, RUD
NETEESATH L VIO ERABEREE M LT OME L CETE 299 RO L HEY
ELTHEA B 21T 272

TS F A ERREERI A BRE, RISAR, KEEHFZ 00Ty, ¥Y-ruy
INVATFA LY rF Y —BiER Criffith 5V DHER, XNV FF IRy —ViERG
Mooz HEOHEEBEIILT, MET L, 3/ BERCORNCERWOBEEIMEY 544, 4
B HEOBIIRYT JE (RE LT

Flesr L 7o REFE A PEMIE L & AV TH RS ORERTATE I BT pH ORBEICOVTIRAL, 7~
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NG FF P ERRERE R EEOME L TH

FRR LTV AT pHT . B~8 6D TRET L 78R, MY -V IV RFA v T 7 —¥
EELHE, BoBoL L—F L, pHR.2TEBlETR LIz, X, MorrvyFtriv7y—¥
FEHICBOT O, BLEBRICpHE.STREE &R o7

Gy LB REEASUEREE A v F 2N~ a v THI LI L TEETLY - ¥
IN-a-TI/BBBUY-FAYIN-a-T2)7FINTS) Ty 3EEREEI O T T
Fh L o T Ly a2 by T AR L Y-y ING AT, Ty -
OEIGHTE, 3R Y -V Y Ih-a-7 3 JBEAR—DE— 27 (¥~ 7 No. 3} & LTHRI
A4, ATP % BELAKIGRZCRBRUZSATRIBREET LD -2 [E1-A, B), ZNF5F
A vF ¥ —VORIEERTR, 2095FEE, Y-FhFIl-a-FTi s 7FINT) L B~
Y= (¥—# No. )& LTI &, ATP %3 LARUBFR I BV TRIRIL S 9 RIS EGEAT
Lizrdof(l1-C, D)o HEELTMAAFLY I Y BEUFY-FUF I)v-a-T 3 JBEEDE
NENK1-A, BOY—7 No. 6, RURI1-C, DY —2 No. 3IIKE (N7,

F, FRUBOLERE 7N F 4 CRABREE L OERBII>WTREN LR ERI 212
LT V-FNFINGRAFAYY T d—, FNMFFFrrrry—HEbil, BIREENT

v-Glutamylcystelne Synthetose

1
A ) 3
8
(- ATP }
Glutathlcne Synthetase
¢ 1
L\Ik 6
AN
{ - ATP ) \

10 20 70 mln

Relative Absorbance ( 570 nm )

EE

B 1 Sy biLEEEEE A F N TBILIL > TERTDY -
HNF I N-a-F I/ REBRUY-FAY I N-a-T IS TFNVNTY Y
v D5

Fig. 1  Separation of 7 -glutamyl- a -aminobutyric acid and 7 -glutamyl- @ -aminobuty-
rylglycine procuced by incubation of the substrates with rat lung supernatant
1: Taurine, 2: Aspartic aicd,
3: ¥ -Glutamyl- « -aminobutyric acid, 4: Threonine,
5: Serine, 6: Glutamic acid,
7: ¥ -Glutamyl- @ -aminobutyrylglycine
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Fig. 2 Linearity between the amount of supernatants of kidney, liver, and lung of rat
and activities of the glutathione synthesis enzymes
The amount of supernatants was expressed as that of the supernatant protein.

KB THEEPIIETNL LEOEEEL 0 A H45400~500 pg OEFNT, Rick gl & E#
BFIIhb ErHOMIR Y, SRBICTEET AV Y F4 Y ENRRFEETHREL CllET
B DR S o,

Ty OB HBOMIZBTA7 VY F4 v ERAREEEDERHEEE VIR LI 6RDT »
FE1BEE LT mean T SDIEZ RS, 6HOBOR/IMEERAMEE CREEHEOBMETRL, &
R BTRY-FNEINRTFA Ty —VETLIFF v o7y — PO IET
BE, HEMTIHIIRCETH LD, BTRY-FLYINIATA 2075 —BBRELLE
WliER LA, $GSHREWE, I, Foo b, PRI ReIEeoiEsnZIEL, Mo
FNEF4 L ERREEGE O MO ICHNTEL CEYEER LA,

F w M2 4 ppm NOz R 7F0.4, 0.8ppm O3 % 14BMBAKFSZ(7h/d) LAHE, MOy -rLy 3
N RATFA vy T —VEROERFE 2R L7, 4.0ppm NO, B TF0.4ppm Oy BFEFE T
HAEE L OEICHBERERR SN A o124, 0.8ppm Oz BREFFCHHAE 7 H BICHEICHNM(110%)
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£ 1 Wistar RHET » FOER, FRBRUMICEGTL Ly 54 v ERAREE
kO FEEH
Table 1 Activity of the glutathione synthesis enzymes (7 -glulamylcysteine synthelase
and glutathione synthetase) in kidney, liver and lung of control rat
Organ Y - Gultamylcysteine synthetase Glutathione synthetase
Kidney 11,300 £+ 620 - 15,000 + 440 2.440 £ 90 — 2,810 £ 170
Liver 620 + 50 - 940 + 40 720 + 20 — 740 £ 40
Lung 10 = 10 -~ 130 £ 10 1y + 20 — 130 £ 10

Values were expressed as n mole/h/mg protein (mean £ SD, n=6).

= 2 Ty MRDY-IAIINIATFA LT - EEBICRE TN, Xi
Os WA FTE(7h/0) DE
Table 2 Effect of NOz or O3 exposure on the activity of ¥ -glutamyleysteine synthetase

of rat lung

NO: exposure{7 h/d}

NO:z 1 day (%) 7 days (%) 14 days (%)
Control 134 £ 5.0 (100; 126 £ 6.7 (100) 132 + 6.2 (100}
4.0 ppm 136 £ 7.6 (101} 131 £ 4.8 (104 139 = 13 (105
01 exposure (7 h/d)

Os 1 day (%) 4 days (%) 7 days (%)
Control 118 £ 5.2 (100) 125 £ 2.4 (100 113 £ 5.9 (100}
0.4 ppm 118 £ 5.1 (100} 127 £ 5.9 (102} 117 £ 3.2 (104)
0.8 ppm 115 + 4.2 (97) 130 + 8.3 (104) 124 + 3.7*% (110

O3 10 days (%} 14 days (%)

Control 129 £ 4.3 (100) 123 + 3.9 (100}
0.4 ppm 132 £ 3.1 (102) 128 £ 11 (104)
0.8 ppm 138 & 3.7" (107} 133 = 6.5* (108}

Values were expressed as n mole/h/mg protein (mean + SD, r=6).
*
: p<0.05.

L. £NLRZORVEIRFTM bRl 2,

F v Fi20.2, 0.dppm O3 % 3D ABELREL, I, BIBITA Y- AV INIAFL >
FY—ERUT NI FHA Y Y 25 5 —HEH T BEEE I ROEA ST LA, ZORE, IF
TR F4  ERARREHIA L BRI A NGV LR

KRG E SEELMER L,
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F O3 T rONBRUEEIEIRY SASINYAFA v LT — ¥
PEICRITT O BEDH
Table 3 Effect of O3 exposure on the activity of ¥ -glutamylcysteine synthetase in liver
and kidney of rat
Liver
1 month {%) 2 months (%) 3 months (%)
Control 75% + 69 (100} 941 + 43 (100} 631 + 44 £100)
0.2 ppm 729 £ 25 ( 96) 851 + 81 {101) 732 = 42 {107)
0.4 ppm 721 & 24 { 95) 916 + 98 {97 702 + 58 (103)
Values were expressed as n mole/h/mg protein (mean £ SD, n=F6).
Kidney
1 month (%) 2 months (%) 3 months (%)
Control 15.0 £ 0.44 (100 13.8 £ 0.76 (100} 13.6 & 0.43 {100)
0.2 ppm  15.1 £ 0.66 (101} 13.4 £ 1.0 (97 15.7 % £.82***(115)
0.4 ppm 143 = 2.1 { 96) 125 £ 0,94 (90) 13.8 £ 1.2 (101)
Values were expressed as xmole/h/mg protein (mean % SD, n=6).
¥ X ¥o<0.001.
£ 4 Ty POHRRUERICBILIVSFAr L y7 v - Figiic RigT
O; ZEOEY
Table 4 Effect of O3 exposure on the activity of glutathione synthetase in liver and kid-
ney of rat
Liver
I month (%) 2 months (%) 3 months (%)
Control 717 1+ 22 {100) 740 £ 40 (1009 741 £ 36 (100
0.2 ppm 742 + 21 (103) 780 + 39 (101} 752 £ 44 {104)
0.4 ppm 726 + 34 {101) 751 £ 36 (101} 724 £ 13 (98)
Values were expressed as n mole/h/mg protein {mean + 8D, n=6}.
Kidney
1 month (%) 2 months (%) 3 months (%)
Control 2,81 £ 0.17 {100) 2.44 £ 0.09 (100} 2.81 £ 0.09 (100}
0.2 ppm  2.80 * 0.14 (100) 2,59 * 0.12 {108) 3.05 + 0.18* (109)
0.4 ppm  2.90 % 0.25 (103) 2.51 + 0.06 {103) 2.88 + 0,10 (103)

Values were expressed as pmole/h/mg protein (mean £ SD, n=6).
*p<0.05.
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B2 ETHLRRFEDE CHD NO: Lid 03 2 HBMERRECS T Y X, 79 MIRE
5 Lo NPSH LIk GSH ASHINS 2 £ v ) HIEA S HHE ShTuv Bl b b s 41919,
TREEOBBIOVTIRRETH L, $72N0: & O OfLEMHEICIIE LVIBRnd 5 2 L 3
AR ER TV A, SRS KIFTERIETAEEOBRVIIOVWT H 7700 4BRThh
T,

IH S DB KRG RYED, SHILEPOAHIIMAROS HREERDERICRIZTERIIDV
TOMEELTit, O:8%I0LD 5y M2 BEWT -S-S-E450BLKIGITHS T4 SHILH AR
% (sulfhydryl metabolizing enzymes) DIEMEAIEINT 5 L W A FHENFB ATV RY,

—7, Tateishi &7 ' L HFHE GSH OBIEE & {UHEEICE 2 2B T ORFEICHVT, GSH 0%
B EEEEFRIITRATFELT, E1IGSHOARIIESTL My 54 L SRR (Y -7
MY IRV RFA VLTI —BETNIFA Loy F 5 —¥) O, 8210 GSH I LB
TIJEE, ThbbyLy B VYATA Y, VLo OMBERERE, £330y T3 008
BE(Y-ZNF3Inr 52729 ¥)EHESEFTwa, Dol 2081 0FHELTH
AONBTNY F4 v ERABEERICEH L, BAMSEDEIL2EZORBEICOVWTRET
Hicd, BT v P OBERSC BT ABEERNEEICOWTH L,

HLKHBL-SERE s 0w b 77 7 4 — %R L7V & 574 0 SRR EEEEAE 1,
HEDOY-FNFINYAFA VL 7 —ET 8 w542 07y — 000 Em e
WHT, BUERISAT T AV LR R R LEE LI L, RUGERM O L MR 4
BTaahE0Rars, BRETHLOMIBIIZRVEREFELHEL (NESL I &
WHEE o7,

TOERRE LN F A o ERAERERHNERE AW T, NO2 BT O3 DK R TR
KETA DO LWIREORT Y RA, T » MI20.2, 0.4ppm Os % 3 0 ARMEREZEL, M
A oS L LTHREBR RIS F4 L ERAREEHRTEOEE TR, FROBEE
EHRBEE L IFELEHBOOR S ol BT 3 PA DAHELBNET L. —5,
4.0ppm NOz J 180.4, 0.8ppm O3 DUBHOMREFZEROLR, 0.8ppm HHEBIIBVT, WD
VTN FINDATA Yy Ty - FIERSHIBRIOY LTHECEML A L AL, SRE
NO RO DEERZREBTITV, 7 v MBIV F4 v ERABREHIIRITTHE
T 2R R BLEOD L IR SRS, EXLEOHERE, TRhRITIT 272 NO;
B Os FFEATT » MO GSH B RITTHBC DV TORKR L T HERHI 2 TETH 5,
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n-18 TREERET LAV OOEIURBS T Y MO
TNEFF  ARRBREECRIETRE
Effects of Subacute Exposute to Nitrogen Dioxide or Ozone on the

Activity of the Glutathione Synthesis Enzymes of Rat Lungs

G - SER T =W 5l
Meiji K'AWATAI, Yuji TAKAHASHI‘ and Takashi MIURA!

Z g :
NO; & O DEMBERRBEILIL 7 v WO VP F 4 v ERAREERCEDIID
WTFA

0.4, 1.2, 4.0ppm NO; % 3 P ABBRELZHE, V- ILFINIRATFA 0T~
Yidkix, 0.4, 1.2ppm ZEHTEHE LIRS SNED 57245 4, 0ppm ZFEHFTIEHE
HOMD112~116% EHBIZBMN L7z ZHISH LTI NTF3 23 07 8 —Fatkid+
RCOREBEBIIBWIHBELOBICEELEZEIRS LM o7

0.2 00 4ppm O ¥ 3 AMBEB LSS, V-FLVFIVNIATA XL v7 v — Y
730 2ppm BER CIIWREHEOBENI08~113% EHE2HEA L, O.4ppm BB TE1I2
~118% L HEIIEVEFR Lz SR NEF4 0L T & — Va0 2ppm REHET
ATIREROE D105~ 107% EHBIZBI L, 0.4ppm BEH TEHEIZ110~114% L B\l
FRLT

MEmigEss, 0.4, 1.3, 4.0ppm NO, 3 AR ENS » FOETLR LY T4
(GSH) BIC BRI TRBICHT AKR LY, 4. 0ppm NO; BEMEZ CIIM O GSH L 7 -
FREINMNGAFA v v F ¥y - FEEEEN LTSRN 2Ry Lo il o
FAS

Abstract

The effect of subacute exposure to NO, or Oz on the activities of glutathione synthesis
enzymes {7-glutamylcysteine synthetase and glutathione synthetase) in rat lungs was
investigated.

Male Wister rats were exposed to 0.4, 1.2, and 4.0 ppm NO; for 3 months. An expo-
sure to 4.0 ppm NOQ. resulted in 112-116% increase in 7Y-glutamylcysteine synthetase

1. ErERZERT RIEARIN 7305 FEEHEESHET 163 2
Basic Medical Sciences Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan,
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activity, while this activity remained unchanged during exposures to 0.4 and 1.2 ppm NO..
On the other hand, exposures to 0.4, 1.2, and 4.0 ppm NQO; did not affect the activity of
glutathione synthetase.

When rats were exposed to ¢.2 and 0.4 ppm O3 for 3 months, the activity of ¥ -glu-
tamylcysteine synthetase was increased in a dose-dependent manner to 108-113% and
112-118% of the control for 0.2 and 0.4 ppm Oy, respectively. The activity of glutathione
synthetase too increased to 105-107% and 110-114% of the control for 0.2 and 0.4 ppm
Oas, respectively. ’

1 BUsic

MBI BNT, 79 FOBSERBYACTILIFA Vv ERRBE(Y - Ly LY 2F A ¥
YYTE—H¥RU IV F AL Ty - E)ORIGREW L, HicERpEEEESs ov b
FZ74— I NEETIH LVHELIRAELL, - 20REERETHVLZEICX V4. 0ppm
NO; BUF0.4, 0.8ppm Oz % 7 » MIMMHMBRBEE LS, 0.5pm 0; REFCHOY -7 ¥
SNV ATFA T EERPHECENT A EFHL I,

CHEITOERBIIBNT0.4, 1.3, 4.0ppmNO; % T v FZ3 P AMERRBET L L, 4.0ppm
BBHICBILHORTR IV F 54~ GSH ERIZRSE 1B B IS REECHE LTARI I
L. ZNLRZOBCESRERT—E R L LY, ol ErsRABERERHIB VT
DINEFF+ ERRBEEEEEED LSBT AW TH~NSL 41D, RO GSHEEE
FiEHOLE L OREEIZOWTRE L7,

H(20.2, 0.4ppm O3 % T » MIC3HBMBREL, VA7 F4 v ERFREGHCRIITEEY
WL EIZE D, NOy & O3 L OBERFHIIN T BER ORI D W T HERE L7,

2 F &
Mo 7 % 54 v SR RBEEEN SR> TiT- 72",

2.1 BREXMRUMREAOAN
4.0ppm NO; 13 AWM RHET325:84, 0.4, 1.2, 4.0ppm NO; 3 2 A B RETIX10E 4% X 19845,
0.2, 0.4ppm O3 BE TIZIGESD Jel © Wistar REEZ » 2R L1,

Fy bET—FAEELCEERSSRM L0, LA 50.95% NaCl 27 A LT %K
L7z, SRECL7-B120.15MKCL-10mM b ) A-SERR T (pHT7.4) 2 MMATHAES HF1 AL 9mt &
L7z SOFREDF— b 210,000 xg TISHHEHEL L TH Sk LiE % 105,000 g T60ABLEL L,
AR L L
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2.2 Y-FMREINVAFA LT E—EEEORE

1M MY A-EEESREHTR (pHS. 2, 0.2M MgCly, 1mM EDTAYO.1mi, 0.05M &% % 3 > EE0. 1mi,
0.05M « -7 3 B0 1ml, 1 SAMIET A7 3 20 1ml, BERIESO k!, Ha0450 u1, #iRFIL,
7°C, SHM T LA v F 2= 3 X LIAKO.OSMATPO. Imd % NA T37°C, 6045 I 847,
FOG#T#, 1.8M MU 7 T OREER0. Im! 2 INZ 605314 122,300 X g T304 M0 L Ti2 5 R b LiE
MR E L,

BERIGICE - TERTAY- Ty S h-a-73 JEEEERIEA 4 G 5 4 (4.0mm X
500mm, Hitachi Custom No. 2619) IZFCA L, 0.14M 7 = B 7 A& (pH3. 2) TS Hr 8k
%8B HN T I /B EHC L D ER L7

Y-FNEINDRFA YTy - Ci B RERYTICEI NS EAEE (ng) U2 ) TRL
720 MEBOERI Lowry HYOFHEIZL Y llE L7z,

2.3 FnaFALyoTa-HEMORE

1M MY 2A-BRERE (pHS.5, 1M KCL, 0.1M MgClz), 0.05M ¥ -# A% 3 b-a-7 I /Kifis
0.1ml, 0.05M V) 3 »0.1mi, 1 %4 MEE7 N7 3 0. 1ml, BEERS0 e, HoO 450 ul % 151 L, 37°C,
5HM T VA v F 2~ 9 LA0.05M ATP 0.1ml %M % T37°C, 6043 BI B 8472, KIS
BTi%1.8M b & o oBEBED. Imd % 1A T604#122,300X g CIOFME L LTH LWL LiFT S
WAREE L, BERCI Lo TRONRDY - FIN-a-FI 2 FFILTII 2 7-2 0
FINVAFTA v r7 s —YOBEEABOFETHE L,

3B R

25084 7 » FIZ4.0ppm NO: ¥ 1LAMEFE L ABS, MOV - Y Vs iV AF4 vy Ty—
EHEEORAT AR e B VIR L7, REFHOBREESIZEHE 1 A B CEBICHEEIO L THEIS
BinL, FhgzFoBRVESRENR BERF SR,

10405 » &AL, 0.4, 1.2, 4.0ppm NO, 2853 M AMBEL, MOT-7 15 I
AFA 2Ly TFE—BRETIVIF 0T 8 —BiGtl RIT T BB TR AR TH
BUF 2 ITRLT,

Y- F INYATA vy T ¥ — BiEE0. 4R L. 2ppm NO, BB T EIEDO LR G
B f2H, 4.0ppm NO, BEB TIIWEBEOHO112~116% L THEIZMML 72,

THAZHLTNO BERBHLI Ny FA > L o7 —YiEiRE210R$TTL(, 0.4, 1.2
B4 Oppm NOz TNTORFRI BV CHBRREOMICAELERR S o7,

HIZIGAEDT » PEHAV0.4, 1.2, 4.0ppm NO: # 30 AMRE LBV ELERIIBVWTY,
MDY -TNFINSAFA 7y —YREZVEFF 2 277 —LERICRIZT NO, RE
DEBUIRIBUR2ICRTERLAH L,
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NO; REDH

Fig. 1  Effect of exposure to 4.0ppm NOz on the activity of ¥ -glutamylcysteine synth-
etase of rat lung
——~——— ! contral, L 1 exposed,
*:p<C0.05, **: p<0.01, ***; 5<0.001.
FOl Ty EOY-TAIINYATFA LTy - EEHIIRITT NG B8
DF
Table 1 Effect of NO2 exposure on the activity of ¥ -glutamyleysteine synthetase of rat
lung
NO: 1 month (%) 2 months {%) 3 months (%)
Control 124 £ 4.8 (100} 130 + 6. (100} 122 + 6.1 (100}
0.4 ppm 120 + 9.7 (97) 124 £ 1.6 (45 126 £ 3.9 (103}
1.2 ppm 124 + 4.6 {100 130 + 5.1  (100) 128 £ 5.7 (105
4.0 ppm 144 + 2.9%**116) 146 + 4.8**(112) 140 + 5.4™*(115)

Values were expressed as n mole/h/mg protein (mean + SD, n=6).
** p<0.01, ¥**, p<0.001.

* 2
Table 2

54 MO FLEFF 7y — BiFHIIRITT NO, BB OER

Effect of NO2 exposure on the activity of glutathione synthetase of rat lung

NQO:

1 month (%) 2 months (%) 3 months (%)

Control
0.4 ppm
1.2 ppm
4.0 ppm

112 £ 6.4 {100 117 £ 5.4 {100 115 £ 7.3 (100)
109 £ 4.1 (97) 114 = 3.0 {(97) 114 = 4.5 (99)
114 + 3.7 (102) 114 + 5.5 (97 109 £ 8.8 { 95)
116 + 6.9 (104) 117 £ 7.8 (100 109 £ 1,9 {95

Values were expressed as n mole/h/mg protein (mean £ SD, n=6).
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1958507 » b EFHWT.2RT0.4ppm 03 & HKE 3 A AMBREL, Mory-rus 3254
Py I —EREITANYF AL 7 IR R TEEC VLTRSS F h P hE
IRVPEAIIR L,

Y-UNFINVRTA YTy —EiRH0.2ppm Oy BEETRMEHEOMHEOI0R~113% &
HELHML, 0dppm Oy HHEHETHLI2~118% L HICEWEZT L 72 T 720 2ppm R U0.4ppm
O REHLLRB 1 PARICIB 285V BREET3 2 ABORBHEGEE T A2 & & (R
a7z,

Os BBIBIBINFFH Y 7 ¥ —VEMEERAICRT ITE (, 0.2ppm O3 BB Tt
BB OEDL06~107% EFEICHML, 0.4ppm O3 BERH TIRFEITI0~114% & HEZR L7
IR0 REFOINL OBMWEREEFREME S —E ok ahi, ILRIATERICRS
NBEZTEL, 7-FWFINVATA 7 —EROEINT FF i 7% —BiEEITHIZOp
DFFWRE IR LTI 2 EmMAR oz,

HIZI9ASDF » b FHVT0.2ppm B0 4ppm O3 2 3P HMEE LB LR LERIZBWT
bMOY-FNEINLATFA v FI—ERFTIVIFF 2077 - BRI RIT$ O30
BRRIRIBURAVCTRIHERE I FHL

£ 3 FyMHOY-FALIILIATFA LI Ty —EEHCRITT 02
D

Table 3 Effect of O3 exposure on the activity of Y-glutamylcysteine synthetase of rat
lung

O3 1 month (%) 2 months (%} 3 months {%)
Control 126 £ 3.7 (1000 132 £ 8.8  (100) 122 £ 7.3 (100}
0.2 ppm 136 + 6.6 {108} 142 £ 4.9% (108) 137 £ 10 (113)
0.4 ppm 142 * 12% (114 148 = 5.7* {(112) 143 £+ 11** (118)

Values were expressed as n mole/h/mg protein {mean + SD, n=6).
*p<0.05, **: p<0.01

#= 4 Fo MOV FF LTI —FEEIIRETT 0; BEOZE

Tahle 4  Effect of Oz exposure on the activity of glutathione synthetase of rat lung

Qs 1 month (%) 2 months (%) 3 months (%)
Control 115 + 0.8 (100) 128 + 5.8 {100) 127 & 6.2 {100)
0.2 ppm 121 + 5.1* {10%) 135 4+ 3.5™ (105} 136 + 4.8* (107)
0.4 ppm 127 £ 5.5%* (110} 146 + 9.6**(114) 145 £ 7.2%*(114)

Values were expressed as n mole/h/mg protein (mean £ SD, n=6).
* p<0.05. * *: p<0.01
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4 %2 B

ThITCIToMFEICHE T, F» 4. 0ppm NQG: %1, 3, 5, 7TEBHMBE TS L, o
GSH HE 4 128U T5 BEICREMEISET A2 Y, $£7:0.4, 1.3, 4.0ppmNO, D1, 2, 3
HAMBCL, 2, 3H»AMEETIE, MO GSH 0451 3ppm NO: REICBWTHBHR - Z2EH
EOMIIEETED LN o728% 4.0ppn BEHFTEERE 1 ARERICTEHEEITLTI31% E
AL, D2 OB IAT3 4 A iR L7,

AHFFE O EIL, 4.0ppm NO2 13 B RFE R K04, 1.2, 4.0ppm NOp 32 HBEZICBVT, 7 v
FROY-FNFINTRAFA YT ¥ —EiEMEE, 0.4ppm &1.2ppm NO, ZFHHE TIIELAR
AL VAY, 4.0ppm BEHTHBR 1 BECFTICHML, ThUEFom A R E N
BTAZERRLTVE, JNLHORENH4 0ppn N0 BERBEE TREMOGSHEE Y -7 ¥
IV AT Ty - PiERIEN L AER R R LI s T

oLy s+ GEABEERCRIT NG BEL GEZFOKRELLET L L, 4.0ppm
NO, BBETY-FLYINIATA vy Fy—YERREMT ALV FA L2 075 —EF
HICREARORB W &, RU0.2,0.4ppm O3 BHE THVTNOBEIEHLNT A Z L4 5,
NOz & O3 £ TN F4+ ERABERERIIN L TR s PRy - BEREN S,

T-SNFINYAFA Y RFGSHIZIE, ThE THTELERRBREOMI, FhAEhIIS
FRARENRLYG LT,

V- INTAFA LI, Y-y INENF R TG —E(r-GTIZE Wy s B
EVRFA VB ERNLES VY-S IV BT AT 2T Bl LS TR YT
O E Y RFA YIHBIRARTNLOToDOGRENEELTVD, $HGSHINE, ¥-F
WF INETFTIIBLERTF FIERTAIEIZL 2 CGSH 2B T4 Y -GTAHESG LT
Bo

GSH O EMBREEER T THBEAIZREL TWwADS, GSH O4BEEEE (7 -GT) iR
BAELTWwAY, MM GSH dIE3 vl CRBEEST-THh®?, - REMmE
MiZE % GSH HUE - s A 2 WOBFETATRENEILIONL L A n 2T b, LIcH o
T, GSHICBIMRT A2 B AN S I T5 001013, ARESST OBLETKEOEL
EHARAAIO GSH (CE & DBME RIS 12T 52 E DEEMIRBE S LT LY,

KEFRMEOERBZEIIBEWT, BHNOEHAIMTHL ZEHS, NOXIZ 0 FEHICLD
HEEREOBE L BEEICOVTHRES TV A", GSH £ 0¥ 5 ¥ -GT A3 12 b ik AR I
HET A Edb, NO; L 0y BREOAERIIHT L EE 4 {IfaM GSH 0BT LTE6 L
ADHELLT, TORSTMIEABICELET S GSH HRERoR{LomEiiovn kT S
LU LBROBETHLLELLRD,

Dz ERs, BMEETAREFEEDEOEAIRITTHEIENT 5% £EPSH AL
S L OEBICBVTHD BB, Y- VY INTRAT A 2 RUGSH O ARBHIEERT
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B 15 BKEOERHLCMT SRR — By BANRKE LT —MEBIER. (1077)
25 Bkt L s RNREREEONMN S RIS BRI — WIS 52EE BIEHE.
(1978
(2
BiuraERRAHR#HE

W 3 8 A comparative study of adults and immature stages of nine Japanese species of the genus
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Chironomus (Diptera, Chironomidae). {1978)

(BFExAYAH Chironomus B9 HOR S, ++F, HioBEEOTE)

ATy S F v AR B RIEKE-BRBILOFOCERIC OB — BMS2ER  TRIE
&, (1978) :
FHEERKFE—E RS RO LR IGEE & R R B o IS BRI RIT 4
BRI A EFET — EIRNS1, S26ERE EFTRERYE. (1978)

PEKIROERB (LIBT3 REWH (L) — Bl & LT, — MAS3EE. (1979)

A morphological study of adults and immature stages of 20 Japanese species of the family

Chironomidae (Diptera). (1979)

(B&EFx 2 AH0EOMRE, 34, o EEENHE)

AREAGEMEOR—F L PR 4EROEE 4 2EBICE T 2 HBNMR — M52, 53
B msEE. (19719)

AEy F AL BIRIOKE - ERBEMRACERIGO P ~— BHS3EE i
E. {1979)

BE b REIC & B KRHREE O & B i M 2 BRI — HHf5) ~83FEE BIHHA
HE. (1979)

Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)
(RAERMEORMEEE LU T 0B HEOSEBICE 2515

Multielement analysis studies by flame and inductively coupled plasma spectroscopy utilizing

computer-controlled instrumentation. (1380)

(2 S HEEELRB LA 7 L - A B IURFRBEET 7 Xv B L 3L R R
S3HT)

Studies on chironomid midges of the Tama River. (1980)

Part 1. The distribution of chitronomid 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.
(BRINCRESFE 22 ) ADFR
—R1H TO-FRKRHENLIZ N AEEOSHETACELHHERE & OME
—®B2HW TO—ERICREMENI Chironominae BRO0E K> T

BRERY AFERLEY ERZFOLEAERICREITHELALIMT IHE —H
083, SAEE HHBELEE. (1980)

AAGRMEO B —F LURAHHRO SR 5 BB 2 RBATIR — HIsER
ReBIERSEE. (1980)

FRE V- - L—F— i L ARREEERIAL  (1980)

AT g S £ OISR R T R IH R — SN O KE R L ARILREROTA

— BA#053, SAERL RFRIEEHE. (1980)



% 18 5 Preparation, analysis and certification of PEPPERBUSH standard reference material. (1980)
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(BHBEREK TV 5 v 7) ORS, Hr B & CRIEHE

BAREHOBX BT ZRAWE (D — Bol (B Ok — W53, s44ER.
(1981)

PO R R B LIIET 2RAWR (V) — BrMRBONE, JSKMEsL U< 0B
KBRICEBIT 48 — W53, s (1981)

MK O BEHBE LB T S RAWA (V) — W 5 BRAFN OB HARRENLE + OFFE-—
BEFO53, S4fERE. (1981)

Bk O BRI T 2REHN VD — By BOLEROMEL L WEG R — s,
S4EE. (1961

HEREOERELICHT 2RETE () — SROERBLREEECM T 2 BHn b —
FH#053, SAEERE. (1981 _

PR OEHR BB T A (V) — BBV R BRI RE T RO ER(ICME +
LM — M0s3, S4B, (1981)

Bk Z R BT 2R EHE () — Microcystis (3SR (DIBRFY — MIFIS3,54
EE. (1981)

B REOBERELICMT SR (X) — BB ERRHEIC LS AC P ORE — W53,
S44ERE.  (1981)

BABOERELCET 2BEFR (X)) — Worsis — |3, s4FER.  (1981)
WERIBROMMEBITMT 5 97 — W54, S5FE SRBFE#YE. (1981)

Studies on chirenomid midges of the Tama River. (1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and their distri-

bution in refation to the pollution with sewage waters,

Part 4. Chironomidae recorded at a winter survey.

(HEMNCRET D22 ABOTR
—H3H HUOHBFTRMSHLTY 22 ) 2B Orthocladiinge SEDRH®E, 05

HOTRERE L DBRIZDHT ——

— 4 HRNOAPOHETRRINESEOSHLIHE —)

ERICEH 5 BRI L RRORER BT ARBORE — Minsd, S5HEE  $SRIHEd
#. (1982}

RNAERMEDE— B JUREHROERICHT 2 BT 2 ERHIPTE — WFIGHEE
SERIBHS S . (1981)

ATy IF 8=k BR{OKE - BEBLOTOLLERIGOME — BEASDICRT 5
RACFEZXKERMEENBBOHT (74— FBIE 1) — WIFISASEE  BIIESE . (1982)
BREORRE L AR AR O RE — ASE8 S ATHRARED Y Y 2 v— v 3 ¥
— ETOSSHERE  SHIMTCHE.  (1982)

REEROBERITR - FEFEOMHEREICH T L% — BRIGHEE S0Py, (1082)
REEL 0 A HEESAE RO FMEICH T L RAaRITTZ,  (1982)

RESAFHC L 2B R0ORIEE =5 U ¥ S FiHCBI+ 505 — WHF055, S6MERE  S5BIRREs .
( 1982)

BEEHRD v 2 7 ot XBHR OB T o888, (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference material. (1982)
(RHEREs e M) ORR, S RUEIEE)

BSEROEREITE - T a0 MR L e — B6ER BEmseaes, (1982)
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REBRMEOE-RUBESRROLEIcH ¢ BT 2 RBIIIN — RHMseER 4

SigrseEle.  (1983)

FEES OSBRI S M S HEt YA, (19835

B RO AR B T 2 EEERE.  (1983)

Studies on chironomid midges of the Tama River. (1983)

Part 5. An observation on the distribution of Chirenominae along the main stream in June with
description of 15 new species.

Part 6. Description of species of the subfamily Orthocladiinae recovered from the main stream
in the June sutvey,

Part 7. Additional species collected in winter from the main stream.

(BR)NCRET 222 AROHR
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AH1HEFOILE —
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53, /556 HAlMREE  (1983)
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filbd /55 HrRIpTREE @1 o, (1983)
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Fi54./555EEE FFHIIRHE F2 W (1983)

AXE RSO BMIE AT 5 R 7A@, (1983)

RIEEROERTR - FEFEOMBCE S 2% — RSTEE  #HRpEs. (1984

Bk O ER BT 2 BEWE (1) — B4 HORARNRORE FE — Hi

55~5THE  FRITTAEE. (1984)

PRk ER B LT 2 @A TR (D) — HrHoMMERRE T2 T2 B

F — MBMs5~574E  FRIlFE#E.  (1984)

PRI BRI LIl 28A TR (D — By fi@RACE T 2RKRERA L &

HRELES L TEOWR — Bs5~57TFE~  HRIFTEs . (1984)

BEKI DB A LB LICBE T BRATHIR (V) — By MORMERUPL (EEFRO FME

{b& ERBE( L — BEFS5~5THE  HHIHE @S, (1984)

BRI ERBLHECET 2BEHK (V) — By HOERBILES D =7 1L — #8R

56~57TFE  ReAUBIREE. (1984

BEkIR D E AL LB d DA (VD) — BHRBILP L — Hinss~5THE 4

BUFFL S, (1984)

REKIRD BRI LR ILICHIT RAHN (D) — B/ #lickd 2 BHBIELTOEXE —

MFI6~5THEE R EE. (1984)
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&, (1984)
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~— [{F86~57EE HAEIEAS E2aMD . (1984) .

BRAEKER - FREBY— i BIIR BRSO WS — RERSPICET 2 R bF s
BEARBBORE (74— PR — BRS~5TEE BUHASS EIioWm
(1984

BEEERMEC L ZKRAEEROL LR HARCET 258 — W6~ 58EE  Fmm
Foeh R, (1984)

Mg b 3 EREL & IRRIO T M I B 2 BT — WFOSEERE K RIRITTEY
(1984)

BENTAROEYRERCET SR — Bisd~564E FRITFRSHE. (1984
Studies on effects of air pollutant mixtures on plants—Part 1. (1984)
(EEAAEROENERETEE — 2 1 D )

Studies on effects of air pollutant mixtuzes on plants—Part 2. (1984)
(HEAREROEMICEIETRE — F25M

BEdhOEEWEIC L 3 AOEBEREMEY o ER TR — HHsd~5608E HHMARS
WE (19%4)

EROLERTCETOREEE CET TR — BIAGE~TEE SIS eRE. (1984
h#EHOERSL R T 2BBOHR. (1984)

Studies on chironomid midges in lakes of the Nikko National Park (1984)

Part I. Ecological studies on chironomids in lakes of the Nikko National Park.

Part 11. Taxonomical and morphological studies on the chironomid speciés collected from lakes

in the Nikko National Park.

(BREUAEOHBO R Y H BT 5P

— 18 ARETAEOBO xR ) HOEEFHRE —

—E2E AXETLAEOEHRCERYT 322 AHOSMEY), BEFNIE —

Ve by ST ELBBREROTHBEOCH M, (1984)

BRILAE —ERBIED B ERUORECERECOWR —REXG I B0 582 &5
A RO (7« — v FIIR2) — RS~ 5TERE ®AlfREs (345,
(1985)

B{bkFE—EERLY —REMICOBRAERIGOMA — WHSE~5TEE BRIRes
g, (1985)

HMHERRFFORADOERBRSCEAIBERECHMRAICET A, BREE — 1021
F & fEElCHE: — WIFISOER  FRiprREd,  (1985)

Limnological and environmental studies of elements in the sediment of Lake Biwa, (1985)
(EEMERDOTRE LT SENER VRIS ENHT

A Study on the behavior of monoterpens in the atmosphere, (1985)

(RGP E / 7oL DERICET 2T

G RO BRI E - FHE TR0 ICE T 20T — MsSER ST ARE. (1985)
EBEEe I B THIEE ORI ORA.  (1985)

Studies on the method for long term environmental monitoring—-Research reportin 1980—
1982, (1985}
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Studies on chironomid midges of some lakes in Japan, (1985)

(BEDOMBO 2 2 1) 42 OHFH)

AERBHGRC L ZBHEEFEFEOMBICEIT S50 — BRIST~00EE R0 e
aHE. (1985)

Studies on the tate constants of free radical reactions and related spectroscopic and thermo
chemical parameters. (1985)
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GCAMS AT bvDRR AT LAY AR, (1986)

FeAbE T E R O T & 7 OfiladtticfAd 2 B BRHTE — B 53~ R EE BAME.
(1986

HHEERU TOR IO HAREE I ELBEEEOMBICHE I SR, B -— ERH
& vA 7 o — FIABOEE HRITARSE. (1986)

Measuring the water quality of Lake Kasumigaura by LANDSAT remote sensing. (1986)
(LANDSATY E£— bt rv itk 28 rBOKETRD

F¥e b 7R MEEICSEERRECE O TOERER S TE — HIKE T AEA 100 F
H A~ billE & KRR ERAOSNEO M ELE LT, (1586)

Economic analyses of man’s utilization of envitonmental resources in aquatic environments and
national park regions. (1986)
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TAaDEEEG ST AR, (1986)

HROTEE T - T ORBESCHATAHE (1) —HO8~0FH HANRKaRs
FLSHM (BH3C1). (1986)
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Report of Special Research Project the National Institute for Environmental Studies

No. 1* Man activity and aquatic environment — with special references to Lake Kasumigaura — Progress
report in 1976. (1977)

No. 2* Studies on evaluation and amelioration of air pollution by plants — Progress report in 1976-1977.
(1978)

[Starting with Report No. 3, the new title for NIES Reports was changed to:]
Research Report from the National Institute for Environmental Studies

% No. 3 A comparative study of adults and immature stages of nine Japanese species of the genus Chironomus
(Diptera, Chironomidae). {1978) ’
No. 4* Smog chamber studies on photochemical reactions of hydrocarbon-nifrogen oxides system — Progress
report in 1977. (1978)
No. §* Studies on the photooxidation products of the alkylbenzene-nitrogen oxides system, and on their
effects on Cultured Cells — Research report in 1976-1977, (1978)
No. 6* Man activity and aquatic environment — with special references to Lake Kasumigaura — Progress
report in 1977-1978. {1979}
¥ No. 7 A morphological study of adults and immature stages of 20 Japanese species of the family Chirono-
midae {Diptera). (1979)
#¢ No. 8* Studies on the biological effects of single and combined exposure of air pollutants — Research report
in 1977-1978. (1979)
No. 9* Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1978. (1979)
No.10* Studies on evaluation and amelioration of air pollution by plants — Progress report in 1976-1378.
(1979)
% No.11 Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)
No.12 Multielement analysis studies by flame and inductively coupled plasma spectroscopy utilizing com-
puter-controlled instrumentation. (1980}
No.13  Studies on chironomid midges of the Tama River. (1980)
Part 1. 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.
No.14* Studies on the effects of organic wastes on the soil ecosystem — Progress report in 1978-1979. (1980)
3% No.15* Studies on the biclogical effects of single and combined exposure of air pollutants — Research report
in 1977-1978. (1980)
No.16* Remote measurement of air pollution by a mobile laser radar. (1980)
% No.17* Influence of buoyancy on fluid motions and transport processes — Meteorological characteristics and
atmospheric diffusion phenomena in the coastal region — Progress report in 1978-1979. (1980}
No.18  Preparation, analysis and certification of PEPPERBUSH standard reference material. (1980)
3 No.19* Comprehensive studies on the eutrophication of fresh-water areas — Lake current of Kasumigaura
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Comprehensive studies on the eutrophication of fresh-water areas — Applicability of trophic state
indices for lakes - 1978-1979. (1981) )

Comprehensive studies on the eutrophication of fresh-water areas — Quantitative analysis of eutrophi-
cation effects on main utilization of lake water resources — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Growth characteristics of Blue-
Green Algae, Mycrocystis — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Determination of argal growth
i:otential by algal assay procedure — 1978-1979. (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 repot in 1979-1980. (1981)

Studies on chironomid midges of the Tama River, (1981}

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and their distribution
in reiation 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 1979-1980.
(1982)

Studies on the biological effects. of single and combined exposure of air pollutants — Research report
in 1980. (1981)

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 atmosphere {(Part 1). (1982)

Meteorological characteristics and atmospheric diffusion phenomena in the coastal region — Simulat-
ion of atmospheric motions and diffusion processes — Progress report in 1980, (1982)

The development and evaluation of remote measurement methods for environmental pollution — Re-
search report in 1980, (1982)

Comprehensive evaluation of environmental impacts of road and traffic. (1982)

Studies on the methoed for long term environmental monitoring — Progress report in 1980-1981.
(1982)

Study on supporting technology for systems analysis of environmental policy — The evaluation labo-
ratory 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 environmental pollution —
Research report in 1981. (1983)

Studies on the biological effects of single and combined exposure of air pollutants — Research report
in 1981, (1983)

Statistical studies on methods of measurement and evaluation of chemical condition of soil. (1983)
Experimental studies on the physical properties of mud and the characteristics of mud transportation.
(1983)

Studies on chironomid midges of the Tama River. (1383}
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Part 5. An observation on the distribution of Chironominae along the main stream in June, with des-
cription of 15 new species.

Part 6. Description of species of the subfamily Orthocladiinae recovered from 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 — Qutlines of special research project —
1978-1980. (1983)

Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979-1980, Part 1.
(1983) ‘

Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979-1980, Part 2.
(1983)

Study on optimal atfocation of water quality monitoring points. (1983)

The development and evaluation of remote measurement method for environmental pollution —
Research report in 1982, (1984}

Comprehensive studies on the eutrophijcation control of freshwaters — Estimation of input loading of
Lake Kasumigaura. — 1980-1982. (1984}

Comprehensive studies on the eutrophication control of freshwaters — The function of the ecosystem
and the importarice of sediment in national cycle in Lake Kasumigaura. — 1980-1982. (1984)
Comprehensive studies on the eutrophication control of freshwaters — Enclosure experiments for
restoration of highly eutrophic shallow Lake Kasumigaura. — 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Seasonal changes of the bio-
mass of fish and crustacia in Lake Kasumigaura and its relation to the eutrophication. — 1980-1982,
(1984)

Comprehensive studies on the eutrophication control of freshwaters — Modeling the eutrophication of
Lake Kasumigaura. — 1980-1982. (1984}

Comprehensive studies on the eutrophication control of freshwaters — Measures for eutrophication
control. — 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Eutrophication in Lake Yunoko.
— 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Summary of researches. —
1980-1982. (1984)

Studies on the method for long term environmental monitoring — Qutlines of special research project
in 1980-1982. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Photochemical
ozone formation studied by the evacuable smog chamber — Atomospheric photooxidation mecha-
nisms of selected organic compounds — Research report in 1980-1982 Part 1, (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer cxides system — Formation
mechanisms of photochemical aerozol — Research report in 1980-1982 Part 2, (1934)

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Research on the
photochemical secondary pollutants formation mechanism in the environmental atmosphere
(Part 1}. —Research report in 1980-1982, Part 3. (1984)
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Effects of toxic substances on aquatic ecosystems — Progress report in 1980-1983. (1984)
Eutrophication and red tides in the coastal marine environment — Progress report in 1981. (1984}
Studies on effects of air pellutant 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)
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Studies on the environmental effects of the application of sewage sludge to soil — Research report in
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Fundamental studies on the eutrophication of Lake Chuzenji — Basic research report. (1984)
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Analysis on distributions of remnant snowpack and snow patch vegetation by remote sensing. (1984)
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on the photochemical secondary pollutants formation mechanism in the environmental atmosphere.
— Research teport in 19801982, 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 indicessystem for urban and suburban environmental
quality— Environmental indices— Basic notion and fromation. (1984)

Limnological and environmenta) studies of elements in the sediment of Lake Biwa, (1985)

A Study on the behavior of monoterpens in the atmosphere. (1985)

The development and evaluation of remote measurement methods for envirenmental pollution
—Research report in 1983, {1985)

Study on residents’ role in conserving the living environment. (1985)

Studies on the method for long term environmental monitoring — Research report 1980-1982,
(1985)

Modeling of red tide blooms in the coastal sea — Research reportin 1982-1983. (1985)

A study on effects of implementing environmental impact assessment procedure — With particular
reference to implementation by local gevernments. (1985)

Studies on the role of vegetation as a sink of air pollutants — Research report in 1982—1983, (1985)
Studies on chironomid midges of some lakes in Japan, (1985)

A comprehensive study on the development of assessment techniques for health effects due to
environmental heavy metal exposure — Final report in 1982-1984. (1985)

Studies on the rate constants of free radical reactions and related spectroscopic and thermochemical
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A novel retrieval system for identifications of unknown mass spectra. (1986)

Analysis of the photochemical secondary pollutants and their toxicity on caltured cells - Research
report in 1978—-1983. (1936)
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quality 11 —Environmental indices — Applications and systems, (1986}

Measuring the water quality of Lake Kasumigaura by LANDSAT remote sensing. (1986)
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Self-purification in stream and soil—Research report in 1983—-1984. (1986)
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Development and application of wastewater treatment technologies utilizing self-purification ability
—Research report in 1983-1984. (1986) ' '

No, 99* Effects of toxic substances on aquatic ecosystems—Final report in 1981-1984. (1986)
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