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Cardiac Responses in Rats Exposed to Nitrogen Dioxide
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Hirokazu TSUBONE?!, Akira SUZUKI*, Takamichi ICHINOSE!
and Hajime ODA?
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10~40ppm®DNO, 2 EE S » b i3 HEREL, BEREEOEL2MA DI,
O EBE X CERinE 2508 LT, 20ppmEl OB CREEHE0 LIPHTIa
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FR Uik L CABIRIZITITITR2CHE T2 L5, BREONO EEILL -
THC AAREIR WV UIRIRIGEEMZORBIFR IR T 2 C LB L P IE - 1,

Abstract
The electrocardiogram (ECG) and arterial blood pressure in adult male rats
were recorded under the unanesthetized conditions during the exposure to NO, at

10, 20, 30 and 40 ppm for 3 hours in order to elucidate the responses of circulatory

function.

The heart rate markedly decreased within 80 minutes of the exposure at the

1. ESTAEER B4 EE 7305 FHEEIRMITEL S AT NEFI 1163 2
The National Institute for Environmental Studies, Basic Medical Sciences Di-

vision, Yatabe-machi, Tsukuba, Ibaraki 305, Japan
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concentrations above 20 ppm. The reduced heart rate continued during the follow-
ing exposure time. The arrhythmias consisted of atrioventricular blocks (including
the second A-V block), associated with a fall of arterial blood pressure, were
observed in ECG records. The ECG abnomalities apparently disappered by the
administration of atropine sulfate or the surgical transection of bilateral cervical
vagi.

It was concluded that the arrhythmias during the exposure of NO, at high

concentrations were accerelated by the vagal activity.
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Fig. 1 Changes of heart rate(HR) during exposure to NO, at concentration

of 10 to 40 ppm
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Fig. 2 Electrocardiogram{ECG) and arterial blood pressure(BP) in a rat
exposed to NO; at concentration of 30 ppm.
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Fig. 3 Changes of heart rate(HR) and mean arterial blood pressure(BP)

in three rats exposed to NO; at concentration of 30 ppm.
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Fig. 4 Effects of administraitons of various doses of atropine sulfate on
heart rate(HR) during exposure to NO, of 40 ppm.
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d, e and f show the administrations of atropine sulfate of 0.016mg. 0.16mg,
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Effect of Nitrogen Dioxide Exposure on Arterial Blood pHa, PaCO: Pa0; in Rats

.2 NI R < B ] < 2T A i I

Akira SUZUKI! , Hirockazu TSUBONE!, Takamichi ICHINOSE!
and Hajime ODA?
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NO, DESKF BRI A 12 O—TFE & LT, 0.4ppm, 1.3ppm#5 L & dppm®D
NO, %21, 3»HMZ » bITEREL, OHH, BEE, fi¥pHa, PaCO, Pal,
FHIVTRE LI,

OFEBUE, 1 HMSEE Tl sppmBE TH BB LB U THE LD %2, 4 ppmEf
THAEMER L, 3HARETE, 4ppmBf CEIMEM SR Lz, FRAEIE 1 8
PR TR ¢ RERORICARSEIL 2R D id - 1223, 3 »BRHEE T,
0.4, 1.3%L ¢ 4 ppomBf THIMER 2T Uz, HHERROBRINPa0,iZ 4 ppm, 3
AREBE TERWE T LIz, 821100 ATHE T T3, 4 ppm3 A RS T,
PaCO; HHEIIED % P20y 4B FHE BT L 12o A TR D RIICEE 5 Pa0, 0
MfEid, 4ppm 3 HBBBECHBILBL UL,

Abstract
Rats were exposed continuosly for 1 and 3 months to nitrogen dioxide at the
concentration of 0.4, 1.3 and 4 ppm. Heart rate (HR), respiratory rate (RR), arterial

blood pHa, oxygen tention (PaQ.) and carbon dioxide tention (PaC0,) of the

1. E/AERRS REEER T305 RS RRETe HEE/ e 163 2
The National Institute for Environmental Studies, Basic Medical Sciences Division,

Yatabe-machi, Tsukuba, Ibaraki, 305, Japan
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control and exposed animals were examined. HR of rats exposed to 1.3 ppm for
1 month was significantly decreased from the control, however, HR of rats
exposed to 4 ppm NO,; for 3 months was increased. RR of rats exposed to 0.4, 1.3
and 4 ppm NO, for 3 months were increased, PaQ, of unanesthetized rats exposed
to 4 ppm NO, for 3 months was significantly lower. When the anesthetized rats
were ventilated with mechanical respirator at 110 rpm, PaCO: of the rats exposed
to 4 ppm NO, for 3 months was increased and PaQO, of that was decreased. An
increase of PaQ, associated with an increase of mechanical respiratory rate was

significantly lower in rats exposed to 4 ppm NO, for 3 months.
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Fig. 1 Shematic illustration of recording method for pneumotachogram and

electrocardiogram
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Mliomdk5ic, EERTHE . hEE (Electrocardiogram, ECGEEE §) &=2 5 ik
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BepH L, £, MZ2ieRhT4LIICECG & PTG wiﬁﬂﬁii&rﬁém Lidcaine hydrochloride

(xylocaine, 1 %), 0.1mIDEFFKEF T, KEEE2VIEL, H.eparin sodium (1,000unit/ml)
20, 2mIARE B IR SIEA LTI, 2 ~ 3 DHICROHI AREBIR D> & T2 ~ /8 ) B L F2 7 4 =
H = TR S T0. 2~0. 3m] OEIR M1 PR, WEREEEOBIR Mpta, REEH 2 4E (PaCO,),
AT (Pa0,) ORIE(CORNINGITSICHE LIz, £ D#, Pentobarbital sodium (Nembutal®
50mg/ml) 30mg/kgBW % KERERIRA> & FEA LB M@ 2 RRF: Ui, BRFF B 22 ~ 3 embIBH L,
HELHENSEBRAE L ¢, SECIATIFRRE (72 BER, SN480—7) IZHEkLizY
FROKEN = 2~V 2HBAL, BEHRICEAT 2~/ VOB LI ITmll 7« 2F—F T
L OHBRERLIT. SN 2 2 — LOMEALHITFARIC, ERBITE - THIBIKK 1 ~1. 5D/ ML%
BiT, Z0/ILEA LTHRERAYML, HATHRLMEL . YFREEY = 2 — Lo
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25 T, BO030E01. 3ppmE THELEN (P<0.05) %, 570 HO 0. 4ppm B # X IMEDNL
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Abstract

In order to evaluate the acute effect of NO, exposure on experimental
animals, male mice were exposed to NO, at the concentration of 5, 10, 20 and 40
ppm for 24 hours, Forced swimming endurance time (FST), change of the FST

. during the post-exposure days, lactate content in blood, lung wet weight and lung
water content were examined. The significant decrease in FST was observed in
mice exposed to 10, 20 and 40 ppm, No significant difference from the controls was

observed in FST of mice exposed to 5 ppm immediately after the exposure, while
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remarked decrease in that was recognized during the first to fourth day of
post-exposure. The significant increase in lactate in the blood of mice.exposed to
5 ppm NO, was observed immediately_ and 24 hours after the swimming exercise,
Lung wet weight in the mice exposed to 20 and 40 ppm NO,, and lung water

content at 10, 20 and 40 ppm exposure increased remarkably,
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Fig. 1 Correlationship beiween forced swimming endurance time (F
ST) and loaded weight (% of body weight)
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Table 1. Comparison of 1st FST with that 1 and 4 hours after 1st

(unit in sec)

after 1st Exercise

lst FST

1 hour 4 hours .
624 + 113 8 + 3
598 = 101 10 + 4
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Fig. 2 Effect of NO; exposure on FST (Each point with bars represents
mean £ 1SD of 10 subjects. C : Control, ** : p<0.01)
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Fig. 3 Change of mean FST during postexposure days (Each point repre-
sents mean value of 10 subjects)
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Table 2. lLactate in blood of mice exposed to 5 ppm NO; immedi-
ately and 24 hours after exercise (Data are expressed as
mean £ 1SD of 6 subjects, unit in mg/100ml, * 1P <0.05,

** 1 P<0.01)
Unexercised Exercised group
group Just after exercise 24h efter exercise
Control 6.5 £ 0.5 8.2 + LS:I 7.6 £ 1.7
* L1
Exposed 7.3 £ 1.6 11.4 + 1.3 15.0 % 3.0:|
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Table 3. Effect of NO; exposure on lung wet weight and lung water con-
tent in mice (Data are expressed as mean £ 195D of 5 subjects,
¥ p<0.05, **Ip<0.01)

NO; concentration

Control
5 ppm 10 ppm 20 ppm 40 ppm
Lung wet  190.2415.2 198.2413.6 204.6+18.8 221.240.9% 388.0:+78.5**
weight (mg) {100%) (104.2%) (107.6%) {116.3%) (204.0%)
Water 144.5+£10.3  153.34+11.3  162.3+10.9* 176.5+12.1%* 343.5432. 6**
content {mg) (100%} (106.1%) (112.3%) {122.4%)} (237.7%)
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Abstract
Blood nitrite and nitrate of mice were determined using
naphthylethylenediamine and Cu-Cd reduction column. When mice were exposed

to 40 ppm nitrogen dioxide, nitrite became constant in 10 minutes. It declined
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rapidly with a half-life of several minutes when mice were removed to room air.

Nitrate showed similar change with larger contents and longer half-time than
nitrite both in increase and decrease.

Dose-effect relationships were also determined at the concentrations ranging
between 5-40 ppm for 1 hour exposure. No increase of methemoglobin was
observed at these concentrations.

In vitro addition of fresh mouse blood to sodium nitrite rapidly converted
nitrite to nitrate accompanied with the increasg of methemglobin, whereas
addition to sodium nitrate did not cause any change. The fate of inhaled nitrogen

dioxide in the living body is discussed based on the results obtained.
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Fig. 1 Calibration curves of nitrite and nitrate
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Table. 1 Recoveries of nitrite and nitrate added to mouse blood

+NO. +NO3
Calculated® 4.00 4.00
Observed" 3.9440.05 4.0710.11
% recovery 98.5 101.5

n=4 *®NO; (NO7+NO3) —Nug/ml
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Fig. 2 Alterations of nitrite and nitrate in the blood of mice exposed to
NO. at 40 ppm
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Effect of Nitrogen Dioxide on Various Types of Cells Required
for Primary Antibody Response*
AR - BARAT
Hidekazu FUJIMAKI! and Fujio SHIMIZU!
E K

THLEFR (NO.) DEMERERY, WYE—X IR M5 T 2 Mg e T
THEBILSOWTHRE LT, BALB/Cv 7 2 %ML, 20ppm 1205 RE (517, & .
O, BEZHHL, £ v 2@ U TR 2 F5%, v omik (SRBC)
EHICERE LIz 70, MROBHERMEBRE LT, FA 0y —An I abifvy R
fid o5 2 M TH & THIR - BRIBE: 2 506, RERE, WHEBEEEEEAND
MABARIT>T, e FRECE® LT, 158 4~ 5 B, BOEWRER (P
FC) FEEICL hiiEERERM#E L. ZDRE, in vitro TOHEEELEZ,
TR CRER TERWET UL #HlalimBicl b, EERTORTI,
THIEEL b, BHIFIBF ~OBBILL Y Z BRI CLHBWLDE LT,

Abstract

The effect of acute exposure to nitrogen dioxide (NO.} on cell populations
required for in vitro primary antibody response to sleep red blood cells (SRBC)
was studied in BALB,~C mice.

After the in vivo exposure to 20ppm NO, for 12 hours spleen cells or cell

* AXOEEE, BUEAKGERERCHR, 8L o9 TRRAN,
1. ESCAEMGE BSEAEME 7305 AR IR N 169 2
The National Institute for Environmental Studies, Basic Medical Sciencies Division,

Yatabe -machi, TsuKuba, Ibaraki 305, Japan
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mixtures which were separated by nylon wool column and anti-BA©-antibody
were cultured with SRBC.

The primary antibody response was significantly suppressed by acute ex-
posure. The experiment of reconstitution revealed that B cells were more strongly

suppressed than T cells in the spleen of exposed mice.

LB

IHET, RRGREIEOENKE T 30T, Z2OMsEDO—® %102 - T 2 Hfilg
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OIFAWELEEICBEE T 2 Ml ic & - THEHELBE T AMRCMB~ DR8I Tid, %
hBHIAEA TV, Fi213, NOBEILE T, v o mikicyd 2EEEESETRL, 1
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i3, LESBEHOT. BRBOHER, F~ o 2 editk, fiv 7 AleC il 20T, [
B GERic L hiRE LT,

FER & EEE
In vitro T, filAOMABRABTHLVE ZONWEB L RAEHOPFCORSFE 1 ICTRLT, 3
MIOEE S NTIKEBNT, REBOLS, WEECH~TEER L b, AEEED, 3260
TWBLENWODTHB, T, 20ppm 12BEHBED in vive TOFBRLEETHY, 20
&, REERYD S, IBEE TOMRBOMICY TIT, AR S8 BE LT 0 3 SRR,
NO: BRBOHFERM AT TVAEZEETRLT VA,
#* 1 NOBPEREDn vitroTO—IRIFEEICRTTHE

Table 1. Effect of acute exposure to NOion in vitre primary
antibody response

Expt, no, No. of PFC per well®
Control Exposed
1 648878 455+32
2 1240£79 1 20% 8T
3 625179 117 £45*

a2 Anti SRBCIgM PFC resposes were
assayed on day 4 of the culture.

b Each value represents the mean £ SE of five
wells.

*P<0.01, Student’s t test.

% 2 NOZMERBOBRBETOMEEMEICKITTHE

Table 2. Effect of acute exposure to NO, on splenic adherent cells

a No, of adherent Sephadex G-10 No, of PFC
Spleen. cells added cells per field® passed cells per well?
Contrel, 1 X10° 33.4 x 3.7° + 270 £ 17!
Control, 1 X10°® — 0
Exposed, 1 X10% 32.6 £ 3.2 + 250 £ 70
Exposed, 1 X108 - 0
None + 40 20

a The number of spleen cells required for the preparation of adherent cells.
b One field of phase-contrast microscope {X400).

¢ 2 X1i0'per well, Spleen cells depleted of adherent cells.

d Anti SRBC IgM PFC responses were assayed on day 4 of the culture.

e The value represents the mean £SE of ten [ields.

f The value represents the meantSE of four wells.
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xie, COBETORRZHAT 201, SMRHORESRI L. £, #HEL2L T
52 0m 7y — U ROMIE~DOHEE R~ I1FER 2, H2IURLI,

F2cid, B L SR LHEHU ) OFEREORE, ZhiC, WEO Sephadex G-10
BB EMAI & SDPFCOMMSRLT S A0, e, MBTEREED oY, BETo<
4R 7y - SROMENCENTIE, HEASBES S I TLELEEDRS,

* 3 NO,2HSHEO—RIEFEEICE G AT.BAE~RITTHE

Table 3. Comparison of the effects of acute exposure on T and B cells
of primary antibody response

Cell sources No, of PFC per well®
Group | Anti-8+C’treated cells®Nylon wool passed cells?
Control Exposed Control FExposed Expt, 1 Expt, 2 -
A + — — — 0 60
B — + - - 0 0
C ~ - + - 0 0
D - — - + ] ]
E + — + - 387 £ 33 | 787 £ 120
¥ + - - + 120 £ 65 |553 + 108
G - + + - <1 33 +111
H - + - + 27 £ 14 75

a Spleen cells incubated with anti-& +complement.

b 1.5X10% per well, Spleen cells fractionated by nylon wool column.

¢ Anti SRBC IgM PFC responses were assayed on day 4 of the culture.
A, B,C and D values represent the number of PFC per well.

E,F,G and H values represent the mean * SE of three wells. ,

3z, W@ BEHONT, T. BMIEEMARAT, PFCREASIMRITLTS
B, cAuck B, WEEEREH: OMT, THEIEPHA NI, BRRMEEARA
RBOHY, PFCOMMYLNC &h b, BAIMOLY, TR EESET LTS
EDETH A,

ORI ST IR e LTI, i, w257 7 - F, B, THRO=
Spid b, NOAHREIH T, ZOHOBARE, -2 bMUEEE IO LED
nz, METNE, 2ORECHT ABETUNOBEATVEEALNL S,

Tz, BOHSICH Y 2RI, BAIHOAHS THIKE bSO L0 #E b 55 %

Ok S, NOSRECL b, HUAORBHOMIE 82 S T TOBRC el m L1
5, 7 OWBORIT S OIEE, Bicov T, EllomeizeorBRTa b, SHRECR
S BINABLENHE 0L Bbh s,
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On Different Responses among Various Strain of Mice in Susceptibility to

Nitrogen Dioxide Exposure and a Role of Enzymatic Protective System

Wil B s 8Kk B R @ Bl B

Takamichi ICHINOSE, Hajime ODA, Akira SUZUKI Hirokazu TSUBONE'
and Masaru SAGAI'

2 F
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SAUICLCs o TR L 1o & Moo B SRIN B R MR I o W THSHRE Uz FRHE
DRZE 7Y 7 OBICENC, BEH T 6 NO T T AR (L Ca0) & RRNIE

CROFES EORICHEBEENS A OB or@ED o Rz, F0 5 H Glucose- 6 -

phosphate dehydrogenase (G 6 PD), Glutathione-s-transferase (GSH-Tase)},
Superoxide dismutase (SOD), Disulfide reductase (DSR) Eikisk XELHE!
Glutathione (GSH) FUIBZHOBEOREMIZE ZDLC, JHDHIENE 277 L, 8
BLAEE R (TBAHE) i EIHonn 0 EEE2TLNEOMICEER
IR T Sz, —F, 20ppmNO, 2 16MRERERE L2 BSI i3l & A COREE
EH IR REIOME L HIET U, ZORTRIFEESLC, & HiEE2R LI
iziGlutathione peroxidase (GSH-Px), Isocitrate dehydrogenase (ICDH),
GSH-Tase, DSR& L FGSH, Vitamin E&EMd -1, 7SO DIENO ZREL
TSR REATL D 4R E B0~ 60% DFEMERMZ T, 2 LCy, [ADEWIE
KENEE 2T L LCs o i & DR ICH R S ERENE 2R LT, 35ICTBAIEENO,
BTICL - THINL, 4 R/FEHOLC, ff & 1L %2R L1,

1. EsrZ22Buidh GUEHETERE F305 I EYURE S HEET 6% 2
The National Institute for Environmental Studies, Basic Medical Sciences

Division, Yatabe-machi, Tsukuba, Ibaraki 305, Japan
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TR OEFED S, LIOHERRESE CGSH, Vitamin ESoHim{l s
NG, BRI 5 EEH EOEELETTH O, T TBARIMSHE S FEEER
TARTTHEEEZRRLT S,

Abstract

Strain differences of mice in susceptibility to nitrogen dioxide exposure were
examined by measurement of protective enzymes and antioxidants such as giuta-
thione and Vitamin E. Four strain mice, ICR, BALB ,~C, ddy and C57BL 6, were
used. It was shown that there are genetical differences in activities of some
protective enzymes and in contents of antioxidants among four strains. Glucose-6
-phosphate dehydrogenase, glutathione-s-transferase,' superoxide dismutase, disul-
fide reductase and glutathione contents in lungs of four strain mice were related
to each LCs, determined previously # by nitrogen dioxide exposure for 16 hr with
linear regression, TBA values in lungs of four strain mice were conversely related
to each LCs. After the exposure to 20 ppm nitrogen dioxide for 16 hr, the activities
of protective enzymes and the contents of antioxidants were decreased by nitrogen
dioxide exposure. Glutathione peroxidase, isocitrate dehydrogenase, glutathione-s-
transferase, disulfide reductase, Vitamin E and glutathione were also related to
each LC;, with linear regression, and TBA values were increased by NO, exposure
and conversely related to each LCg. On the other hand, the activity of superoxide
dismutase was increased by nitrogen dioxide exposure, and the ratio in increase
was about 1.4-1.6 folds of each control value, The activity among four strain mice
in exposed groups were also correlated to each LC; with linear regression.

From these results, it was suggested that the enzymes and the substances
described a-bove may be importantl factors in protective mechanism to nitrogen

dioxide exposure.

L&z

KGR E D E KB BT BRI L OFR7 21220 THE (Spieces) PR (Strain)
DR 2L OB EHNTIFR ST T 512, Goldsteinb VA RHKORZ 529 R T » it
% L2 OBIERMEDH 6 v 7 ADRMMICE L OBSHOR O S B c L BRI, 107
F5Y 4 BEORL <9 2ICHA DEEONO, 2R U TLC, 2 B LT IC IR ERD & M
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IR Y % [ LNO, BRI LT b v 7 ADORME TEZHICHE N 525 L & 2 RH L 17,

7V ADRME T ORI BEEEOREN & 6 113 KR, FFEBOEE ORI S gk
BLCMEIAN AT OEBEENRR 2 0% L 50 500, HOBICARE MBSO B
AT TOMBICEACEEEA6NE, L LANLRECDL 5 2AGENMIT N 2 B2
b U CIIEREEIC > DT MO R 0 FIE 2 A LI HEge U - B d s 0, S, B8
BT S TIC Y » TR SNENOBEIT L 57 ¥ A DRGEI TOBZIE (LCho) O MRS MR
{EHIREE DR AIMAE & Holie U 2 o BYuibE % kst Uiz,

=73, CRETNO, BB V4V RO AICE 2B LAIERO RIS E B LSS B
BERERRLTOELEBHLNT OB, Chow 57 IINO, © A /L OREICE > THEL 218
B LA E O WS B35 9 4 G lutathione peroxidase (GSH-Px) ZRERZEORERRENZ S
THELTVWE, COREFFELIDL) DG)TRLIZROOHTH 31 2 BR{LISE &2 3 BE LK

# 1 BE(LAIESEITR S 5 BRI B R
Table 1. Enzymatic Protective Mechanisms against Oxidative Stress

1) GSH- peroxidase as a member in peroxidative metabolic pathway

G6P —— NADP* =™ 2GSH —~~ ROOH
. 6 H-R GSH-Px
6PG «—~» NADPH —— GS55G -~- ROH

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

GBP + NADP* - C8ED g o PG & NADPH -ereeeeeresrrreaasssmrmrassssreeeeeiecinnnns (i)

6 - PG + NADP---SEGD L R gP + NADPH creerrerenrseivimiminnnn iy iid

Isocitrate + NADP*---182E o _ ovoglutarate +COp + NADPH «rvvveenenenns Gid
3) Glutathione - s - transferase as a peroxidase

GSH + rooyg-S3HoTase, neny + ROH (Enzymatic) «seeeeeresmsrmosiiens (i)

GSOH + GSH -----mrrmemeeees — GSSG + H,0 (Non Enzymatic) r-errerremeerreeees (i

2GSH + ROOH ----------memeee- *GSSG + ROH + H,0 {Net Reaction)

4) Superoxide dismutase (SCD)
Cu-Zn SOD in cytoplasm, erythrocyte {soluble)
yg:ssgg} in mitochondria
207 + 2HY e —+ 30, + H;0,
cf. Haber - Weiss Reaction (Q7 4+ HpQp - =0y, +0H-+ OH™ )

5} Catalase

6 ) Disulfide reductase for maintenance of SH -group

{Exchange of inter and/or intra molecular disulfide)

Membrane - S - § - Protein ----------- — Membrane - SH + Protein = SH oo (i)
Membrane - S = 8G  ---ee-eerereeeeee- —+ Membrane ~ SH + GSH rrererevermenemreeend fii)
Protein =S = SG -------mrmmrmmmmeoenees — Protein - SH + GSH --rereveemmeeeneeeefiij)
TCysting -rveoereeeeoeseeee s —> 2 Cygteing rorrreerer e {iv)
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¥ (R=HOBE) 2AHHTI2BHERTH I, LBEGCSH-Px 3E 1O 1) DH)ITRT L 5iGluta-
thione reductase (GSH-R) &L TNADPHOMB R ZIH A4 1 2 URIGICY » TislE % H
Fo TLNADPHA AT A L/0MEE LTIRE1 D 2) 1RT L 3 /2Glucose - 6 - Phosphate
dehydrogenase (G 6PD), 6-Phosphogluconate dehydrogenase (6 - PGD) &% Isocitrate
dehydrogenase (ICDH) Z2&#3& 4, 1, GSH-Px LEURISRITIBHELTRLIDS)
IGR L# Glutathione - § - transferase (GSH - Tase) DFEAHHSNT VB Y GSH - TaseDfl
BERNE T ICTR T & 85 0 BERIUS () & C >3  FEMEFMBUL 0% Net Reaction: LTA S
2o HGSH-PxE 2 RUEIEEMBLT VS, DT E»5GSH - TaseldGSH - Px & Akkic
SR T A EO D e EAL L EWHES, FzXanthine oxidase®Amine acid
oxidase H D & 0 A KNEEL R G IT & » THR 31 3 Superoxide radical (07) (XiEFEE{LIE
HEERT2HMOVEHEDIFRETHECEKHELNTEY, £ HIGB IO I LT v it 581t
s o5 MBI 2 (53 3 5412 Superoxide dismutase (SOD) HTEEL T V3% Lee 5% Mustafa 5™V
AL REIC L 2 SODOEROBIN R BE L 2O RHOBREMN L5/ Lo Deluciab DAy
:/ﬁﬁ'{ilccl: ST HER OB TEG utathione (GSH) P EE{LE! Glutathione (GSSG) il a L hie
LA4 Lt 0 EoBEAOSHEE K5 LT mixed disulfide 2 ERT 5 T & B LI, % 1 Lee 57
WA BRI S > THEUTIZDL 3 4 Disulfide 2207 ADisulfide reductase (DSR) DiF#E
2RO UBTEREEED D& B2 Uiz, 3500 EENELRGTHE > TERILKESHT,
T DBREALE S EENTELNEE 2FHTWT AL, 20U TCatalaseBZNEMMT L L
LHIERTVA, BLEDTE {, NO, AT BiED S B BHET 2 BEENHEAR S 5 Vit
b E O BEIIBD TR E V.
EE LA BV TNGREICL 2 v 7 AOREKE COMZHOME & o LR HRR

FERB L B EEYE s OEER B L 20BN TR LG

&

l. B

Wiz ICR, BALB/C, ddy#X IXC57BL/6 D 4 ZHDEE~ 7 2% A, Chd= v IR
HEEMESEGEMES L ) SESTHAL, SIMAMTMRTHHMAT?2 ~ 3 HHHEE L&~
14 TEEBICHE L. ICR Eddy 7 7 RiaifAREE SERHEE § %24PL9™>, $7IBALB/C &C57BL
/6 = RIFHIGPCT D, SEOMCE VI, BBSHEBIZICR Eddy " v AW EILH 4 LD
iz T H>Fré L, BALB/CECSTBL/6 7 7 ADBERBZ 6 ILOMiET LD T1IH
Pk Ut HBRBOY TR (n) 126 & LT,

BT, v v A% T — 7V GREREMRIE T BN L% b b TERH S TIRINEE, 1210 B0



%%ﬁwﬁmbﬁbﬁwiﬁﬁﬁméﬁkbf%ﬁaémaéi?ﬁﬁéﬁvta%@&,%%ﬁ
Mo BHEL, AMT/ABRERIERE S ICANSEET A BERBHEE T80 CIRERF LI,

2. ®mEAE

NO, #5113 HIF U R B E RN O R HEACEF » 73— (1.68m?) 2L, 20ppm-16
BRIRE 21T o100 MR v 2% F « - HBIICEIS SEA1DINO, 2 BB T EHIEH6 F +
PN ANEHIENO, RIR 21T > 12 TIINOREAP (1685H) 2468 - ieACRBICE Wz,

3. BEHANSSURERE

Al d AR S SR 1033 7Y L T U TR AUGIC U 7250mM 9 BERET (pHT7.5) 2R T
FIRUKREY 2 FAF L DERIH T CERL, 0%+ 4 - 2FM L, ZOFT
Uah— hR200X g, 5 AEDEOEER LR 1. C O EHO—8% 3 5IC800Xg » 20511
8L T105,000% g, 603RIOECTEEL 2o O Lg% % 1 12K L1 Glutathione peroxidase
(GSH- Px), Glutathione reductase (GSH-R), Glucose - 6 - phosphate dehydrogenase
(G6PD), 6 -Phosphogluconate dehydrogenase (6 - PGD), Isccitrate dehydrogenase
(ICDH) #J ZGlutathion - s - transferase (aryl, aralkyl and epoxy) OF {5 T BEsRH
e l, a5 LiEO—%%0.1mM. EDTA% &¢:50mM Phosphate buffer {pH7.5) T—
WEFT LT b O % Superoxide dismutase (SOD) #.E *Disulfide reductase (DSR) DEEFIE
fé Lize E12200% g @ Li5idCatalase, GSH, TBAE#H L FVitamin E OHFEFRGE Uiz,
DSR¥L UCatalase LADBFEZ T RTEOAFRIE B0 2 2% 7 HBIFTHEE 2 AT
B L, ZOME1010 AR ET 5 X FPF—510 B B I U e Ehie & » THIE L,

(1) Glutathione peroxidase {GSH - Px) OH|E

GSH - PxiEtE ORI Little ' DA BEICH - 120 KIGHIZ0. IM Tris - HCI buffer(pH7.0)
380ul, 2mM NADPH {Oriental Yeast Co. Ltd.) 60ul, 5mM GSH (FI6#iZE) 601, 10mM
Cumene hydroperoxide 60!, 20ul®GSH-R (1.2 units, Oriental Yeast Co. Lid.) 22 ®
MITHn A TEETS80ul & U, ZHUCERR0ul 20 A T30T THRIG%2 MR Utz ISH)E#EIENADPH
D340nmDF L RO 12, FEENREOMED BICERKOED b iKBuffer 2 A 12 HBEOR
ISR ERFIZITY, SO EREIRNEIGOMA 53 LTI SEEL 2. 5 BNADPH & GSHIZ0. IM
Tris - HCI buffer {pH7.0) {c#EH» L, Cumene hydroperoxideld = % / — A LB ER
UBuffer TO. 2REFF L 12 6 O 2 Wiz, £ AITE I ROGBER2Z0R 2 5 15fb s S 1210 RO FiA L
hTIT-10



(2) Glutathione reductase (GSH-R) OH#

GSH - RIEF DT IdBergmeyer ) DILRICHEM L 17, FUGHHIRIE 1 mM EDTA «Na, %5t
0.1M Tris - HC1 buffer (pH8.0) 46041, 2mM NADPH 604, 10mM GSSG (P L Bioch-
emicals In.) 60plDBE580ulD 02 b FIGIE CHAR20uDEEI 2 MATINCTiT-11. K&
NADPH# & (*GSSGIE 1mM EDTA » Na, % &#00. 1M Tris - HC| buffer (pHS8.0) izi5d> L1z
bDEHVIL, BIEFRAFEGSH-PxERILTH 5,

(3) Glucose - 6 - phosphate dehydrogenase (G6PD) DHIE

G 6 PDIEH DN A Wilhelm 59 DI - 770 K GIIEA 12 10mM MgCl, % & tr0. 1M
Tris - HCI buffer {pH7.5) 4604!, 4mM NADP* (Oriental Yeast Co. Ld.) 60, 12mM
Glucose - 6 - phosphate * Na, (Sigma) 60ulD&E58010>6 72 RS Tzl k2o ul 2 M4
T30C TIT 512 M BNADPT 8L Glucose - 6 - phosphateld AR A fobuffer i i LT
Rz AlEIR3M40nmiz 51 2 180 % KISR0 5 5 30Rk s 31005 A TFF - iz,

i4) 6 - Phosphogluconate dehydrogenase (6 PGD) #HliE
6 PGDEHEDEIEIZG 6 PDOEE O buffer 220mM MgCl, &6, 5mM Cysteine #&3r0. IMTris-
HCl buffer {pH8.5) Iz, G6P% 6 - PhosphogluconateiZZ A TIT-72,

(5) Isocitrate dehydrogenase (ICDH) HITE

ICDHE#S ORI IEBernt 57 O HER B8 L TiT» 1o KIGHEME42mM NaCl% 170, IM
Tris-HC] buffer (pH7.5) 340g]l, 10mM NADP?*, 55mM dl - isocitrate (FIH83E, H0)
4041, 110mM MnSO, 100p1DEEH580 L1455 b, [T HiE C4T105, 000X g 0 LGm1 /5%
oo Td 20ul OB 2 A TI0C TiT- 12, 2% NADP™, isocitratedsk ¢ MnSO, it
42mM NaCl% &ir Eitbufferic i LIz, BIESRMAIZGSH-PxeARETH S,

(6) Glutathione - s - transferase (GSH- Tase) H[i
GSH - Tase SO AIE HKaplowitz 5 O FIEICHE - 120 Aryl - s - transferase 5t 0. 143M
Phosphate buffer (pH8.0} 8. 4ml, 100mM GSH, 1.2ml & 30mM & 3, 4 - Dichloronitrobenzene
(FIERZE, R 0.4ml 2 b8 T10ml & L2 3A3KHE 500 21T 100 3R 2 00 A T30C TG
PRt L7zo 723 3,4-Dichloronitrobenzenei357. 6mg#® 5 mlD> = & / — L LIED U 12 # 5 mlD &
FAZINATIOM & UTZEER (30mM) 2 Jii o, HITE W 345nm DBERERAE % SR 30 5 # A
BI5EY S XCI0PERA Y 1T » TIT» 1. BERITTHEDSEORO AR MR ¢ )38, 5{mM™!-
em™ 1) 2 I, Aralkyl - s-transferaseitbuffer®pH %6 .51, 3£E%p - Nitrobenzylchloride
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(FOepids, —i) OLlSmMBEIKICH A, Aryl - s - transferase D& & FREITAGE Uiz, 7354l

TEMEFRE340nm % O T IR RS () 10,632 H iz, F12 Epoxy- s -transferase!d buffer

DpH #7.512, #E%1,2 -Epoxy - 3- { p-nitrophenoxy) -propane {Eastman Chem.} @ 15m

MIEHIT D> A Aryl- s -transferase & RRHCHITE L1z, 74 BRPEBEIE360nm T 5 F00 0 B8 (o)
120, 5%

(7) Superoxide dismutase (SOD) EIE

SODFEMED R IAMcCord & Fridovich” 12 & % Ferricytochrome ¢ MFEiEIC it » 120 RIGK
107 'M EDTA + Na, % &¢50mM Na, K - Phosphate buffer{pH7.8)80ul, 25X107°M Xanthine
- (HiEpliss, Bi#R) 1200, 1 X107°M Ferricytochrome c¢ {Sigma, Horse heart H13€, Typelll)
1002 3L 28 2. 0 units Xanthine oxidase (Sigma, Butter milk 33, Grade [) 1001 DS EH00 4]
DRFEBEHITHEI00 1 2 A T30T TIT» 72 /S #Xanthine 38 & ferricytochrome ¢ 13107*
MEDTA % &{r50mM Na, K - Phosphate bufferiZ#s: L T o HliEREIX550nm & [ V5
FHIGSH - Tase EARETH - 0o THSODMTELE L2 VIREE TOZENE ferricytochrome ¢
A RO RS (V) [SODEEERO »b b 1kBuffer 2 W TREEHCHEE Uiz, SODIEE (Units)
DEFIISODFFALIT L AREE ferricytochrome ¢ AREHIE (v) ELFEVEDS (V—0)/ 0
& TR, '

(8} Disulfide reductase (DSR) @I%

DSRIGHOEIE i Tietze ™ D HHCHHL L 12 o REFRKIGIZ10mM EDTA + Na, % £1950mM Na,
K - Phosphate buffer {pH7.5) 10041, 2mM NADPH 1004, #EMEZKSH TIBAER L 2 pafn
CystineD 2 {EFHIKL00 pl DA 2300 LI B SE M BEFIK200 L1 2N AT37CTT 1R Incubation L
1o #ZBDSROKIGIINADPHIERE T & 2 O THRERMRES HIET 2 B LEERIGHER 26
NADPH % B o B b BIRFICTT - 7oo B 52 SRR O B 52 R S8 T IRpiC BB RUARH (0. 5ml) 4T
5mM EDTA - Nay 0. 5ml & 10% TCAR 1. 0ml & 11 A3, 500rpm, 10 SHEIOEING &> T /$5%
Bt LR OCysteine ROFLIC L - TNADPHIRMOHH» 5 TEMO M2 HELIIVTHRD I, -
CysteineDEFIIFICA~LGSHERBEILL - TT-1.

(9) Catalase DH|FE
Catalase EHE DRI IZ50L] OBELEM % FL T3, OmIIGHE & U TAebi VIR L » 72,

{10 Vitamin E OEH
Vitamin E (34 % 2 2 % — FD200X g kifd 6 Folek 5™ O THMA L fEE Es) 2 ~
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&2 — B h L TEx298nm, Em325nm THIFE L, WO g BmEMT b OEMME TR U,

{1) " Glutathione {GSH) T&
GSHiZSedlak - Lindsay &% O 7% 845 L7z Delucia 5% @k ) X b, 0. sml 2 Hw
T, Ry vt s HSHEHIE L, CRBGSHAE L LT,

12 BEEIEE (TBA{H) DHIE
TBA{HOBIE REE0. 2ml 2T, SDSAEILE LAY OHHEICL 12,

13 % 2EOER
2L PHOEEIIEMIE 7T v (BSA) RFEHEE LTV Lowry 52 OFBIRE -1z,

gEtne .
RO TR LR T L, EEHOEEEBERStudent® ¢ BIEIC L 570,

s R :

P 5212k 37 U 2 DR RIREOBEN (LCs) OMgIETs®EO T >S5, BHEHO
ICR (16BSRENO, B DLC ;o= 38ppm) , HESHEDBALB/C(LCg=49ppm) £ddy(LCso=51ppm)
B FERZEDCSTBL/ 6 (Lc'50=64pprri) D4R 2B EY, CALOYIADMMILETA
M BB AR & & PR {EE & LTOGSH, Vitamin E 3 &5 i BE{LIEEOHERE LT O
TBAEOEEZ1T~>12. '

RO L L 7 aR, GSH-PxROERESL FTCAH 4 7 L OICDHER O &R 2R 2
R L, EEHEBIBOTIRIIDS vt 5 a8 &G 6 PDIEMIILC, HOIBIRE L 5 EA %2R
LAEEHIIZ & 1.Csp & DIIICHE 2B (P <0.001) MR 541, GSH - Px& ICDH 12C57BL/ 6
D AHICRIC TR G EME 2RI 1 TGSH-RIEN: & 4 BEMicRenmh 1. %
12 6 PGDiGHE Idddy & C57BL/ 6 i § ICRICH~NTHEBIRIEWEZR LIV, Thbd 4 BEOFE
P TR TLC DA & WE L2 b - 7,

—F, NO, ZEEH H5 1 TGSH - Px L ICDHEMIRICRICERTHIOD 3 ZFED < v R THEILE
W% L, LCsoftie Officd BE/eiEm (P <0.05& P <0.001) Hih5NIZ. G6PD, 6PGD
VI ICRICH LT 3 B~ 7 A TR TR THBICEWEA2R UL LC, & OB 2
rotr, TIMO L Lot 2 2R, GSH- RiEH G 4 BHEATE B35 L TN SIELC,MOIFE §
LU DT, A
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*# 2 NOBE~-V7ALWHE~ Y ADEREMICEITIMOMBY -t EGSH-Py,
GSH-R, G6PD, 6PGD, ICDH, DG

Table 2. Total protein and the activities of glutathione peroxidase(GSH-Px),
glutathione reductase(GSH-R),glucose - 6 - phosphate dehydrogenase
{G6PD), 6 - phosphogluconate dehydrogenase{ 6 PGD)and isocitrate
dehydrogenase (ICDH) in lungs of different strain mice exposed to
nitrogen dioxide

Mause Non Exposu& Group Exposed Group Expos/Non Expos

Strain M+ §D % P M+ 5D % P % P

Towal procein | B 32.3% 4.1 | 100 37.8% 5.2 | 100 116 [ non

BALB/C 32.0+ 16 99 non 34.6+ 3.2 92 nen 108 non

200xg sup ddy 37.24 1.4 | 115 |P<0.05 | 40.6% 4.7 | 107 | non 109 {  nen

mg/zLung C57BL/6 | a0+ a2 132 [P<ool | 379 3.7 | 100 non 88 non
GSH- Px ICR 215.0£25.9 | 100 133.1£10.0 | 100 62 | P <0, 001
BALB/C | 218.9%17.3 | 102 | non 176.5+ 9.9 | 133 |P<0.001| 81 |P <0.001

n moles/mg | 4 212.241%.4 | 98| non | 196.8%13.5 | 143 |P<0.001| 93] nen
prot/min C57BL/6 | 286.3£15.1 | 133 [P <0.001 | 198.1£19.9 | 149 [P <0.001| 6% [P <0.001
GsH-R ICR 322.0£45.0 | 100 218.7418.2 | 100 68 | P <0.00]
s moles/mg - BALB/C | 337.9+25.0 | 105 non 278.1%18.3 | 127 |P<0.001 | 82 |p<o.m
. ddy 283.1110.7 | 88 non 227.9410.7 | 104 non 81 | P <0.001
Prot/min | GSaBL/6 | a01.6416.2 | 94 | non | 207.6419.6 | 95| non 69 |P <0.001
G6PD ICR 215.9+31,0 | 100 155.0+13.6 | 100 72 | P <0.001

n moles/mg - BALB/C | 217.7£19.3 | 101 non 260.1%15.2.| 129 |P<p.001| 92 non
] ddy 225.3212.0 | 104 non 193.3£11.8 | 125 [P <0.001 | 86 | P <0.01
prot/min C57BL/6 | 248.4423.7 | 115 non 174.34£12.8 | L12|P <005 70 [P <0.001
6 PGD ICR 102.4315.7 | 100 w78t 64 | 100 78 [p<0.01

» moles/mg - BALB/C | 105.7£11.0 | 103 | nen 98.54 6.0 | 126 |P <0.001 | 93 non
X ddy 67.0+ 3.6 | 65 [P <0.001| 103.4% 4.3 | 132 [P <0.001 | 154 | P<0.001
prot/min | ccontss | 77k 73| 76 [P<o.o1 | 938k 7.5 | 120 |P <a.0 1] 121 |P<0.01
LCDH 1GR 442.8+55.2 | 100 206.8+37.8 | - 48 [P <0.001
o moles/mg - | BALB/C | 400.5266.3 o1 non 267.3x34.2 | 120 |P<0.05 | 67 [P<0.01
) ddy 451.5+15.7 | 102 | nen 2951437, 0 | M3 |P<0.01 | §5 |F<0.001
prot/min l CE7BL/6 | 538,24 7.9 122_[5 <0, 01_{_39 9+43.5 | 164 [P <000 P <0.0m

KPENEN REROBTLE TS, MO 205 5813 E N Expos/Non Expos iR Lz
TE L& BRED BN, NO, BFicd - TRAEFED LGt izddy & C57BL/6D6PGD
AR T RTIET LT,

KIZGSH - Px & KD KI5 % 1T 5 GSH - Tase, Superoxide anion radical % 544 % SOD,
Disulfide{( &% SHILEMILEIL T ADSREL BB KFE 2T 2Catalase XD RS L
TR LTz, HEHCE T, GSH -~ Tase® 5 b, Aralky! it ICRIZHATHO 3RED <
A TIFHBICE  OLC 4o & ORIC & BB HERE 5380 6 172,800, DSRIFHEIXICR i LT
C57BL/6 iHBIKE WAL R L1171 Th 5 HLCfH & ORI CIRAIE L b EESHER(P<
0.013k FP<0.001) 2/RL 1. #0Off, EpoxyifthiZICRICIL<TBALB/CO & B F Ik <,
Tl Ary it 4 AEMICER R 5N, Catalaseifil: 3 ICRICHE~BALB/C #HEICE <,
CSTBL/ 6 IO RICK BT LD AT, CH B 3 BEEOTEMIELC off & 14  HIFE bz
Pole
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£ 3 NOREvUXENEY Y 2OFREMIcH T AMOGSH - s - transferase
{aryl, aralkyl, epoxy),SOD, DSR, Catalase DiE#E{H

Table 3. The activities of glutathione - § - transferase, superoxide dismutase
{SOD),disulfide reductase (DSR)and catalse in lungs of different
strain mice exposed to nitrogen dioxide

Mouse Non Exposed Group Exposed Group Expos/Nen Expos
Strain M+ 5D % P M £ 8D % P 9% P
Aryl ICR 46.8+6.1 | 100 37.7%5.4 | 100 8l | P<0.05
BALB/C | 45.9%3.9 93 non 43.3%3.8 | 115 | non 94 non
n moles/mg « | gy, 45.642.4 | 97| non 47.4+4.0 | 125 |[P<0.01 | 104 | non
prot/min C57BL/ 6 | 45.5%2.7 97 nen 35.2+3.9 93 non 77 | P <0. 001
Aralkyl ICR 137.0421.2 | 100 123.3+ 8.1 | 100 83 [ mnon
n moles/mg - BALB/C | 171.9%14.8 | 125 |P<0.05 |178.9£16.1 | 145 |P<0.001 | 104 non
ddy 197.7+11.0 | 148 |P<0.001 | 169.3+11.8 | 137 |P<0.001| 86 |P <0.01
prot/min C57BL/6 | 222.6+16.4 | 161 |P <0.001 | 153.6414.2 | 125 |P<0.01 | 69 |P <0.001
Epoxy ICR 13.5+1.4 | 100 7.9%1.4 | 100 58 | P <0.001
n moles/mg - BALB/C | 10.9+1.5 | 147 |P<0.001| 14.5+1.1 | 184 [P<0.001| 73 |P<0.001
ddy 12.4+1.9 92 non 12.241.0 155 | P<C0.001 | 99 non
prat/min Cs57BL/6 | 14.7+1.2 | 109 non 10.7+£1.8 | 135 |P<o0.05 | 73 [P<0.01
ICR 0.62£0.09 | 100 0.96+0.11 | 100 155 | P<0. 001
$0D BALB/C | 0.61%0.00 | 98| non | C.9720.13 | 102| nen | 160 [P<o.001
units/mg- prot ddy 0.73£0.07 | 117 non 1.03£0.05 | 108 non 142 { P<0.001
C57BL/6 | 0.78+0.04 | 126 |P<0.01 | 1.10+0,14 | 115 non 140 | P <0. 001
DSR ICR 33.546.0 | 100 19.2+3.4 | 100 57 | P<0.001
n molesSH/mg .| BALB/C | 37.045.9 | 110 non 31.5%5.0 | 1681 |P<0.01 | 85 non
ddy 36,0139 107 non 39.81+7.4 207 | P<0.001 | 111 non
prot/hr C57BL/G | a3.646.5 | 130 |P<0.05 | 25.1+4.4 | 131 |P<0.05 | 58 | P<0,001
ICR 0.13120.004 | 100 0.108+0.013 | 100 82 non
Catalase BALB/C |0.094%0.008| 72 |P<0.01 [0,11640.012| 107 | non 123 [P <0.01
Ea4/mg « prot/ 15sec | ddy 0.123f0.012 94 non 0.126£0.015 | 117 non 102 non
C57BL/6 |0.11140.016 | 118 | P<0.05 |0.063+0.008 | 58 |P<0.05 | 57 |P<0.001

—HREBEETIE, SODEHEILLC, MDMIZE Wil %77 LRSI § HE LI (P<0.001)
B oitc, Aralkyl, Epoxy, DSRIEEIZRBEEIOG6PDI L 06 PGD E ARRICICRITEA~T D
IHREIE TR THBERE D 2 HLCHDNAR & G Liad » 1o AryliEHEIZTICRICEE~T ddy
DOABEBITE L, CatalaseTHHEIXICRICH~TCH7BL/ 6 DAXFEILEWMER T LIIDATL
No 2EERLLCEDOEREE MG LEh -T2, L UAryl, DSRTICSTBL/6 %2 { L Ly,
TG U TE (o h, LCsiHs OEIEEZHE (P<0.001) #R&NT

EERE RERORTHRT 2 &, SODOEY 4 R/ke t RERICEETENERUINO, £
BROMEFUUED TR oo bNWEE 2T BEECBMETHS & 2TRB LI,

% 4 IR LRI LT BIAUER 2 R 9 Vitamin E & GSH, B4 BB LIFEOER
LTOTBRAERT L1z, WHEBEL CFEBER BV TGSHBERICRIZETHD 3 Ziffd < v 2
EAHBERE, ERCEELBRIEER 2RI TBAMILTICERICE HEER LI, $2K1
Id ok {CRFBES L CREROGSHIIZLCy flf & DORICHA BRI (P <0.001) &
B oh, TBAIEE 2 1ICRT e il (P<0.05, P<0.001) HBRBNT, Vitamin E 3R
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% 4 NOBB~22LWB~ v 20 RLRHE ICH T 2O Vitamin E, GSH,
Total SH, TBAM

Table 4. Vitamin E, glutathione, total sulfhydryls and TBA values in lungs
of different strain mice exposed to nitrogen dioxide

Mouse Non Exposed Group Exposed Group Expos/Non Expos
Strain M & SD % P M=sD | % P % P
iCR
Vitamin E BALB/C 5844115
RI/g Lung ddy ‘ 616134
C57BL/ § 746% 80
1CR 641 11 | 100 10910 100 17 | P<0.001
GSH BALB/C 854+ 85 | 123 | P<0.01 296439 272 | P<0.001| 35 | P<0.001
n molesSH/g Lung | ddy 8524128 | 133 |P<0.05 194 £64 178 | P<0.05 | 23 | P<0.001
C57BL/6 | 1,268:+200 | 196 | P<C0.001 | 391+84 359 | P<o.oo1 | 31 | P<o.om
ICR 4.27% 0.77] 100
Total 5H BALB/C 4.60% (.46 | 108 non
umoles SH/g Lung | ddy 4.08% 0.54 | 196 non
C57BL/ 6 4.78% 0.18| 112 non
TBA ICR 50.54 3.6 | 100 72.7+20.9 | 100 144 [P <0.05
(OD532) BALB/C | 36.9+ 83 | 73 [P<0.01 | 48.2415.2 | 66 |P<o.05 | 121 non
n moles /g Lung ddy 35.0% 4.5 | 77 |P<0.01 | 39.0% 2.9 | 54 |P<0.01 | 100 non
C57BL/6 | 35.0L 5.6 | 69 |P<0.001| 35.9% 5.7 | 49 |p<0.01 | 103 non

——
,’
on
= el
-t 1.2 - -
rd
o -
e e
= ~
b -,
“w e
o e
8 e
- ”~
- 0.8 -
rd
£ P
rd
EY
o,/
— -
rd
o ”~
&
0.4
.
Ol— =L "I ‘Ll‘l’ 1 ¢f i

30 40 50 60 70
LCsy {ppm} by NO, Exposure for 16 hr.

B 1 NO,Z%ick3ICR, BALB/C, ddy X XC57BL /6 ifi= ¥ ADLC,,"
i & ffitc #3317 A Glutathione (NPSH) & o> 4HEH
’ O, wHEE (P<0.001) ; @, HEE (P<0.001)

Fig. 1 Relationship between LCg, of ICR, BALB/C,ddy and C57BL/ 6 mice
exposed to nitrogen dioxide and glutathione in lungs of each strain
mouse
(O, control group(P<0.001): @, NO, exposed groups( P<0.001}
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AWFEIE 7 7 2O B R TONO, SBT3 2 B 0l W 2R LR & Bk 2 HHT 2
HHEMEFEPGSH, Vitamin E 3B B L CEBCIEE RSO E LSO HHE A & B8 0 &
DAH=ZLERATALIERO—FRL LTTLAL,

70 |
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Lcso(ppm) by NO, Exposure for 16 hr
NO, #2812 L 5ICR, BALB/C, ddy 34 U8 C57BL/ ¢ M 7 A DLCg ¥ .
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O, wEL (P<0.05) ; @, £TE (P<0.001) .
Relationship between LCsoz)of ICR, BALB/C, ddy and C57BL/ 6.mice .

exposed to nitrogen dioxide and lipid peroxides (TBA wvalues) in

lungs of each strain mouse
O, contrel groups(P<0.05); @, NO;exposed groups {F <0.001).
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Abstracts

This research was undertaken to follow the periodical fluctuation of lipid
peroxidation products in rats exposed to nitrogen dioxide. Wistar male rats were
examined for lipid peroxidation as demonstrated by ethane exhalation. In rats
continuously exposed to 10 ppm nitrogen dioxide for two weeks, the amount of
ethane exhaled fluctuated in a complex manner during the exposure. It was
decreased slightly at the first day of exposure, and was then increased rapidly. The
maximum value was observed at the fourth day, and it was 220% of the initial
value. And then the value was decreased gradually again to the initial level.
Furthermore, the activities of glutathione peroxidase and glutathione reductase in
lungs were depressed slightly after 1 to 2 days, and then after 5 to 7 days,
significant increases were found and remained essentially plateau for as long as 14
days. The changes of these enzyme activites were symmetrical against the change
of ethane formation after 3 days.

Similar changes in ethane formation were observed also in rats exposed to the
lower levels of nitrogen dioxide (0.4, 1.2 and 4.0 ppm) for four months. Compared
with 10 ppm nitrogen dioxide exposure for 14 days, the characteristic differences
in rats exposed to the low concentrations of nitrogen dioxide (0.4-4.0ppm) were the
declines of ethane formation the delay in alteratiens, and the tendency toward

gradual increase during the longer period exposure.
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IHAZY 2 LB EEIE e Y s TEEINEY b0 TH D, Rielys "V DT & L aMAEE
PRAUDTEY L 27 2GR LI, 20, F{OUREH in vivo OISEREEOMI & LT
T8 SR R RGBSR 2 EE LT AT,

AIFFEIENO REBIC & » THSELARBLAMEC 52 & 2L, 3 5IZNOSEict 3 ¢ DIEB
AL DEERSIEE & A L 12
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F1id JCL : Wistar i 5 » b #H 077, 10ppmNO BEOERICII 8 HS D5 » F %, 0.4,
1231 04.0ppm ONO FEOBEITIZIZEY 7o b 2HA L1z, L0ppmNO REDE iz EI A
YRLT e TAT Ay v TP Ty FEFEIMTOANT TR - 2T L L ABPEF ¢ v
= (0. 4m®) BH i, ZDOF v L —DONOBEHIEF D fc > TIRER T TBE L, &
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Wit BHEE X N7rx & L SRR ATS P L 5 0 Th B, THEE SN 4 v ik
1% pmoles » x & 3 /100gt&T /min BT L1,

MOy vasd L R—F v ¥ % (GPy), ¥ VEF4 L BAEE (GR), 7 V3 -2-6 -1

i < BEKFRR(GE PD) 0k 066 - AR H 7 2 VHBIKKEEEHR (6 PGD) OIFHER 50mM +

2 - EEBEE (pH7.4) DIS%+E 2 x & — b 0100, 000X g 58l ki % H TR L 1r .
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Fig. 1 Periodical variations of ethane evolution in breath and of the acti-
vities of glutathione peroxidase and glutathione reductase in lungs
of rats exposed to 10 ppm nitrogen dioxide for two weeks

[J, Ethane evolution ; @, glutathione peroxidase (GPy) ; O, glutathione
reductase (GR) : The values were expressed by mean + SEM{n=8~12).
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Fig. 2 Periodical variations of ethane evolution in breath of rats exposed
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are expressed by mean £ SEM (n=5~12). "
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Abstract

This research was undertaken to follow the cburse of lipid peroxidation
products in rats of varying age by a new method. Wistar male rats, 4, 12,22, and
32 months old, were examined for lipid peroxidation as demonstrated by in vive
ethane, ethylene, butane and pentane in the breath of intact animals. In the older
rats, the amounts of the four hydrocarbons exhaled were greater than those in
younger rats. Qualitatively, all hydrocarbons tested were related to age by an
exponential relationship, with regression fit correlation coefficient, 0.408-0.796
{p<0.01-0.001), When hydrocarbon gas production of 32 month-old rats was
compared with-that of 4 month-old rats, the greatest ratio was that for pentane
{2.53). The remaining were ordered ethylene >ethane > butane. There were signif-
icant differences in the production of ethane and ethylene. between 12 month-old -
rats and 4 month-old rats, and in the production of four hydrocarbons between 22
and 32 month-old rats and the youngest.

Thiobarbituric acid reactants in serum exhibited an iﬁcreasing tendency with
age, but the values for 32 month-old rats were lower than those for 22 menth-old
rats. However, the differences between the age groups were not significant.

These resuits showed that the measurement of hydrocarbons in the rats’
breath was a sensitive index of i» vivo lipid peroxidation during aging, and that

pentane was the best index among the four hydrocarbons,
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(p moles of hydrocarbon)(incoming flow rate of air), (sample volume)

=p moles of hydrocarbon,min.
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Fig. 1 A chart of gas chromatograph of hydrocarbons in a breath
sample of a rat
1) Peak by air pressure,- 2) Methane, 3) Ethane, 4) Ethylene,
5), 6) Unknown, 7) Iso-butane, 8) Butane, 9) Unknown, 10) Iso-
pentane, 11) Pentane, 12) Iso-hexane, 13) Hexane.
Each number underlined on peak indicates rention time of each peak.
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Table 1. Bedy we{ghts and wet weights of various organs in aging rats

7 Age 4 mon-th—old 12 month-old 22 month-old 32 month-old
Animal Numbers 12 12 9 12
Body Weighi(g) 4044 29° 525145 5194112 506+ 33
Liver (g 12.94%1.50  16.76+%1.82  16,57%1.56  16.28+1.55
Kideny (g) 2.4740.20 3.0710.34 3.68+0.84"  4.00+40.36°
Heart (g) 1.03%0. 06 1.26=0.06 1.44+0.23°  1.65+1.14°
Lung (g 1.4140. 10 1.64+1.13 1.70+0.18 1.9040.15°
Spleen (g) 0.7210.09 0.85+0, 09 0.93+0. 26 1.3440.18¢
Testis (g) 3.50%0. 26 3.99+0.57 3.89+0. 68 3.6940.96
Brain (g 2.14%0.086 2.2840.07 2.4040. 20 2.30+0.11

a) fHd¥EHE£SDTRLI,
b) P<0.05, 120H% & OMOEEE %R,
e) P<0.01, 12:H% & OBOAREETT.
d) P<0.001, 12 A4 EOROEEZE LR,
A AG L OHETIRL, 28X FRPASOTRTOBBTERZRRLI,
a) Values are expressed as mean = SD.
b P<0.05, significant difference between the aged group indicated and 12 monthold.
e) P<0.01.
d) P<0.001.

Significant differences were found in all organs between 4 month-old and
the others, respectively,
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In vivo OSHEERILOEELLTILY, ZFLL, T4 BLU s 4BORILKE

ORIERRESE 2 KT LT, RILKFOEERIMS cohTHMLTY S, AIELILTRTOR
(KSR ES & O CHRMESHEE 2T L, SEEREE = 7 v OBED 0.408 (P<0.01),
I%VVMQM7GK&MLjﬁyuQ%MP<&%DHJU&V¢VHQNHP<&%D?&v

# 2 RHhASBICRLATI v - OMEEIE
Table 2. Anatomical finding of 22 and 32 month-old rats

22 month-old 32 month-old

Animal Animal
No No
1 TPH (+++) 1 Hypertrophy in bile duct
2 Cerebral tumor 2 Normal
3 Normal 3 Cataract in both eyes
4 Hydrocephalus 4 TPH (++)(partial hematoma)
5 TPH (++++) 5 TPH {+)
Cataract in left eye 6 gl. submandibularis neoplasma
6 Normal 7 TPH (+)
7 TPH (+), Hydrocephalus 8 Abdomen subctaneous abscess by
8 Adhesion in liver Pseudomonas aeruginose, Fibroma
9 TPH {++++), Nephritis in spleen (partial)
9 Fibrosis in adrenal gland
10 Fibroma in spleen,

Cerebral tumor,
Atrophy in right testis
Cataract in left eye
11 Chronic nephritis of both side
Fibrosis in adrenal gland
. Cataract in right eye
12 Normal
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Fig. 2 Age-related changes in lipid peroxidation as measured by ethane,
ethylene, butane and pentane in breath, and by thicharbituric acid
reactants in serum
®. Ethylene ;, Ethane ; ll, Pentane ; [, Butane ; &, Thiobarbituric gcid
reactants. The values are expressed by mean I SE.
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Fig. 3 Age-related changes of phospholipides and triglycerides in serum

@, Phospholipides; M, Triglycerides; O Body weight . % %, P<0.001; * % %,
P<0.00t {against 4 month- ~old ).
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Fig. 4 Age-related changes of total cholesterol, {ree cholesterol and HDL-
cholesterol in serum

@, Total cholesterol; M, Free cholesterol; (O, HDL-cholesterol :
%%, P<0.01; % %%, P<0.001 (against 4 month-old.)
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Table 3. Internal relationship between TBA values and various 1ipid
contents in serum of aging rats

TBA PL T-CHL F-CHL |HDL-CHL TG
=0, 841 r=0.734 r=0,723
TBA non non
P<0.001 | P<0.001 | P<o.001
r=0.901
PL non non non
P<0.001
r=0.829
T-CHL nan non
P<p.001
T=0.89%2
F-CHL non
P <0.001
HDL-CHIL . non
TG

PL, Phospholipids; T-CHL, Total cholesterol; F~CHL, Free Cholesterol; HDL-
CHL, Heigh density lipoprotein-Cholesterol; TG, Triglyceride .
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R Conjugated diene
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Fig. 7 Possible mechanism of ethane and ethylene formation during

peroxidation of linolenic acid

{a) Initiation of lipid peroxiaation by sbstractable (doubly allylic) w-5
hydrogen atom.

(b) Isomerization to the more stable diene free radical.

(¢) Addition of oxygen to form the @-3 peroxy radical.

{d) Abstraction of hydrogen atom from another fatty acid to form the more
stable w-3 hydroperoxides.

{e) Freeradical hydroperoxide decomposition, as proposed by Bell et al 3
would lead to scission of the carbon chain and formation of an aldehyde and
nonradical products.

(f) Formation of an ethyl radical by A-scission.

(g) Ethane formation after the acquisition of a hydrogen atom.

(h) Ethylene formation by Cd ¥ catalysis.

{i} Endperoxides formation by cyclization.

{j} Metabolism to non-toxic hydroxy fatty acid by glutathione peroxidase
(GSH-PO ase).

—96—

“J




wt

£%F L. 8512, Lindstromd™ R T & w05 MEILEERS S » F OIS Y - w8

CHBAL TV B T & B LTV A,

SROEBRICHENT, 22 BLTRVZ LV RMATIMSCo>0TaF L 2w & 742 L,
ZOEARES & O ICHBNERERE 2R T el b1z, COBRIEv Y 2AD0HKR
D CHHBILER &S L O THRWESHEE 2R L0 ) Tappel 5 V0 L —HLT
Wae KA, MEROTBARIGCHWE & 4 A5 05 220 B3 1 U THEE N LES & O/
ZEHEMEZRLIIPRLAS 7 » FOBEREBLLAZGASOBEL Y P L, povihn
DEFODZ 5 b 4PAST vt EOMICEREETRI BN E VS R EE . ChE THALOH
ZE b ¢ AR O TBARGHESEIINS iCoRTHINT 23 % 5 ICESIT/ 5 X RticiL L
TLAHEVI L ERRRHL, RO v bicd 28R AROER 2BE LTV™Y, tot s
2 AG 7 v ik ARKHRILKTE & ME A TBAM & O OBRICIHERE L TFELED 5,
LDEHILGBNIOWTRDOE S BERER 2H T2 2 &M TE 5, T4ab b, TBARIGHDE & iR
{OKFZEDOEBRRBIIH TR TLHIICRLEZEDOTHY, MEB DS IDREB L1 & > THEE S
h, BEReW o), (@52 IhWDBRENZE-TEEINZLOTHE. DL EH,S,
RhAT 7 h®%é.‘lcci(c)i?>6(i)®ﬁ%bffﬁj L OBEBIZE - TREHE STz b, 50 ie)
PHgd U RhoREBESERLsNZ 0 28Itk 200§ L. L L7ad 5HTE,
LD RTFEDREOBRMLS A @EREH L 2R IEER T NS TRV, —F, IFRMH
BRALKE & MR TBAE DM ic it~ 1c X 3 P EHTFET 5 05 BE» 6, EROHERE
ILDEEE LTI NETEHE L DALIHEA SN T 572 TBAEAEIC whole body DISEBEL % T
THEE LGHEETHADE ) bR S 5 EHOWRIBETHS 5 LDbNE,

—7, WEHRFEAKEOAEERICIECERICBU S 7 9 — 7 o H LHEEEOREIRR _LOR) S
Hbo THOL, TOHEBLARPTBARGHYEONE IKISWTRERMLE 2135 ¢ & 5%
B2 THABDICHL T, FERARIEKEDHE BB L OE S 2 ERMWICAIEHE 3 i h T
BIEWHROBEICICEE T 5 HOE LT E 5 0 L Tho. BADKRIT) / L UVBe K a9~
FHIUEBEDL )R- 3ENEEO SETI L L LRz F LN L ERTIXFLBOL S 2
w-6 [ERSEED EHETER S LI DB NC LB IT LI ETLE NS v b EESR T o O
DFRACKFREERB AL 2 OBGCREL 120 Ed b, V) /-7 73 FrBOL S
w6 BEEERASE I B W TEREIICAHBEE S HB 2RI LTV A0S LDV EWLS L &R
Bahaz, COTERMMEPLHABOBRIIBVTT 75 FoBEOAMILEY Ty oo
Y OERK ECEE A RH2RIILTVA VS TE® P LB H 5D b LTI,

—97—



1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

5l B X ®
Barder, A. A, a.r;d F. Bernheim (1967) . Lipid peroxidation, its measurement, ocecurrence, and
significance in animal tissues. Advan. Gerontol. Res., 2, 355— 403. .
Packer, L., D.W. Deamer and R.L.Heath {1967) . Regulation and deterioration of structure
in membranes. Advan. Gerontol. Res., 2, 77—129. -
Russell, P.J. {1969) . In” Aging Life Process” (S.Bakerman,ed.) Thomas, Springfield,
Illinois, 123—1486.
Porta, E. A. and W. S. Hartroft (1969) ! In “Pigments in Pathology”. (ed. by Wolman, M)
191—235.  Academic Press, New York.,
Tappel, A.L (1975} ; Lipid peroxidation and fluorescent molecular damage to membranes. In
”Pathobiology of Cell Membranes” (B.F. Trump and A.U. Arstilas, eds.), 1, 145—170,
Academic Press, New York.
Tappel, A.L., B.Fletcher and D.W.Deamer (1973) : Effect of antioxidants and nutrients on
lipid peroxidation fluorescent prodﬁcts and aging parameters in the mouse., 28, 415—424.
Weglicki, W.B., W.Reichel and P.P.Nair (1968) ! Accumulation of lipofuscin like pigment
in the rat adrenal gland as a function of vitamin E deficiency. J. Gerontol., 23, 469—475.
Harman, D. (1868) : Free radical theory of aging: effect of free radical reaction inhibitors on
the mortality rate of male LAF, mice. J. Gerontol. 23, 476—482.
Tappel, A.L. (1978) : Protection against free radical lipid peroxidation reaction;. Advan. Exp.
Med. Biol., 97, 111—131.
Riely, C.A.,G.Cohen and M. Lieberman (1974) : Ethane evolution: A new index of lipid per-
oxidation. Science, 183, 208 —210.
Dillard, C.J., E.E.Dumelin and A.L.Tappel (1977). | Effect of dietary vitamin E on expi-
ration of pentane and ethane by the rat. Lipids, 12, 103—114.
Sagai, M and A.L.Tappel (1979): Lipid peroxidation induced by some halomethanes as measured
by in vivo pentane production in the rat. Toxicol. Appl. Pharm., 49, 283—291.
Frankel, E.N., J. Nowakowska and C.D.Evans (1961} . Formation of methyl azelaldehydate on
autoxidation of lipids.' J. Amer. 0il Chem. Soc., 38, 161—162.
Horvat, R.J., W.G. Lane, H.Ng and A.D. Shepherd (1964) : Saturated hydrocarbons from auto-
oxidizing methyl linoleate. Nature, 203, 523—524.
Smouse, T.H., B.D. Mookherjee and S.S.Chang (1965) . Identification of de-l-yne in the ini-
tial autoxidation products of vegetable oils. Chem.Ind., 29, 1301-—1303.

Lieberman, M. and L. W.Mapson (1964) . Genesis and biogenesis of ethylene. Nature, 204,

—98—

&




343—345.

17) Lieberman, M. and P.Hockstein {1966) : Ethylene formation in rat liver microsomes. Science,
152, 213—214. |

18) Arnaud, M. and J.J. Wuhrmann (1974) © In “Work Documents, Topic 1b: Chemistry and Bioche-
mistry of Food Deterioration, IV International Congress of Food Science and Technology,
“Madrid, Sep. 23—27, p.},.

19) Evans, C.D., G-R.List, A. Dc;lev, D.G.McConnell and R.L.Hoffman {1967) . Pentane from
thermal decompesition of lipoxidase-derived products. Lipids, 2, 432—434.

20) Evans, C.D., G.R.List, R. L, Hoffman and H.H.Moser (1969} ! Edible oil quality as measured
by thermal relcase of pentane. J. Amer. Qi1 Chem. Soc. 46, 501— 504,

21) Dumelin, E.E, and A.L. Tappel (1977} . Hydrocarbon gases produced during in viire peroxi-
dation of polyunsaturated fatty acids and decomposition of preformed hydroperoxides. Lipids,
12, 894—900.

22) Yagi, K.(1976) . A simple flucrometric assay for lipoperoxide in blood plasma. Biochem. Med.,
15, 212—.216.

23) Sagai,M.,and A.L.Tappel (1978) : Effect of vitamin E on, carbon tetrachleride induced-lipid
peroxidation as demonstrated by in vive pentane production. Toxicol. Lett., 2, 149—155,

24) Sagai, M. and A.L.Tappel (1978) . Significance of expired pentane produced by lipid peroxi-
dation in intact animals. Igaku No Ayumi., 106, 691—683. (In Japanese].

25) Lindstrom, T.D. and M. W, Anders (1978) : Effect of agents known to alter carboln tetrach-
loride hepatotoxicity and cytochrome P-450 levels on carbon tetrachloride-stimulated lipid
peroxidation and expiratien in the intact rat. Biochem. Pharmacol., 27, 563—567.

26) MOHELA - BITEE « W& - WERTT - A= KIOE—HB - JIWPEF - AT (1978) 10

% & MEBABEASE —HEN g BRI X 2R3 HAEEEREME, 15, 347354,
27) FRIRGEIE - NEIRE - B - ST - KR E H T - BAEE - AT EET - BEIER(1979) | MHE
IEE & < B (bAgE & IS OBfRIT2V T, SR, 33, 253—256.

28) Hamberg, M. and B. Samuelsson {1967} : On the mechanism of the biosynthesis of prostaglan-
dins E, and F,. J.Biol, Chem., 242, 5336—5343.

29) Hamberg, M. and B. Samuelsson (1974) [ Prostagrandin endoperoxides. III. Novel transforma-
tions of arachidonic acid in human platelets. Proc. Natl. Acad. Sci., 71, 3400—3404.

30) Bell, E.R., J.H.Raley, F. H. Seubold and W.E. Vaughan, {1951} ! Disc. Faraday Soc., 10, 242.

—99—



H PRI RS $155 (R-15-780)

‘Research Report from the National Institute for Environmental Studies No. 15, 1980

I—9 .
TH{EERAMRBOMRASERO ) CIEHERBRERICREFTHE
Effect of Acute Nitrogen Dioxide Exposure on the Composition
of Fatty Acids in Lung Lavage Phospholipids
AeRRESL - FrO
Takahiro KOBAYASHI' and Tadashi NOGUCHL®
E F

NO, D2 &8 (20ppm NO., 128/) KL T35 » FONlEsEEH PO Y i5E
PHEREMUI., $loco ) VIREBHEBEERO 3 5, SrviF o, Y RAF
B, i hvA CEBEESICENLI., ERNAFTY VB, ALA VB Y-
B, 755 PrBeBRCH LI, SRS oY EROSRIERE (12, 24,
I6BFR) opE S BAL S BER TR Lt BLEOMERERIcE 2 ) LISEEAE
MROZALE L, ZLOSTHBOBIARLTHA L 2RI LIS,

Abstract

The effects of acute NO, exposure on fatty acids composition in lung lavage
phospholipids were examined. Among fatty acid species in the lung lavage
phospholipids, the composition of palmitic acid, myristic acid and palmitoleic acid

"increased significantly. The composition of stearic acid, oleic acid, linoleic acid

1. EwNFRGTT BHEATEE T305 FEUSSEE e 1165 2
The National Institute for Environmental Studies, Basic Medical Sciences
Division, Yatabe-machi, Tsukuba, Ibaraki 305, Japan

2. EERE BTN
Department of Chemistry, Sophia University, Kioicho-7 Chiyoda-ku, Tokyo 102,

Japan
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and arachidonic acid decreased significantly. The time course study was also
examined. These results are discussed in comparison with the results for the lung

tissue.

FLaiz

HHOFRIBFICA > 12 NOEME % AL THRMNICHITL, RIS AL, S 42 LT
WasKPcHit N3 CEhEmonTOA MY, 2 ORIR AR 2 & OEE L5 XETT.—
75 NO 3BT & BUGHESTES , KBEEY ™, SHET , 7 3 » &S, BRSO 12 ¥ O EEERL &
Emfacéﬁw%éhfmau%c?%ﬁmkotN@@%ﬁﬁﬁm&%@&m%ﬁtﬁmta
AEEMEET LTV 5. MlREREZRESSEL LT, ¥ VIEEVEELRHILZ LT EY, Re
2D CAEEICHT B NO,ORBRBITT 2 2 & 2HME LT, NO, & REFIISHIE & ORIS?
Nm%ﬁ%ﬁm;%%ﬁﬁwuVﬁﬁ%%ﬁﬁ&«@%@%ﬁﬁbf%t%é@u%@%@n;o
THLNAMORAEEREPD ) ~IsEORRIEBEERIC NO, 2 RESEOL 5 £ B8 2 RTT
EE L1,

B -

Wistar JCL oS » b (11H%) 2/ 20ppm NO, 2 BB L, NOSBEII¥ I 2 25
VA, AELI6m*OREF + ¥~ (€7 0V D—ACG, /JHRTEHR) ATIT-7, W5 »
MIA—BOF v v N—N, 7407 —TELaNIZERO L L THE SN, BIERIVWTRE
NOm¥/BETH -7, F v o/ -HOEBEHIZ25+ 1T, EEIXS5E 5 %kEhiz, NO,OBE
X NOx 33t (£ 70 8440—H, HE T Lo bo L HB) 2HO Y v IEIcL b RIELI, 20
ppm NORETF T, 7 v MEBALSVIY, ERIIBAT T2, 79 FREUTOL Sz
Bz,

1) sfdgt (18P0) | 12BMH LT & & it { (120546 R)

2) REEB (1810) © 12050 20ppm NO, RE (12850 R)

B NOBEOFEL2HHREELE > TRABA I, MR, REHLE IR ATIREES,
RERETI3 20ppm NO, %212, 24, I6RRE L 1o, BEL2LT D TIT-7, £EBAKOA ST,
SEER%, TR OMMics b 7 v b 2RULNE, BTSSR IZERAE K 2580 & MilaN
REAEHLANREZ 3IETTOERR Uz, COBIERSE 7T e DAEBAER2BGIET- 2. 320
L4 D5 » + OMIKEBEHK 28, Folch 5" OBGHETIEE 2 L, v B RiZ Bartlett
EEDEHEICL hIRELI, ) EREB s ov by 37— X DBEL -, U iSEIzMorgan
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5D HICE h A2 2 )AL, BORRIEHBO < F V25 MIZBHRGC—5A 2y 0 b
557 BRI LIz FIVIA S AIZR Ty MEDAOMA T X%+ €5 =5 T A (P30, 3mm)
BRI, WHIEZS0%Y 7 2 2F LI RY) ey (8S—4) 2RO, SRR MET T A
BRE175°C, MHSEHE 50T, BEANEEIZOT Th 5,

w R

- 20ppm NO, 1205 SEIC L O, WilREHEOBEEMO ) VBIX T » + 1 T8I h24 g 5 60ug
ERESBMSBBEIN, ) CIRESTIEARICHE SN S L AR S Az KIZHREER R O
D CRECIHFREEPEILTY., Bl 0HLrLLIL, BEEBILEIN T Z 01 F
CEEIETICRN (61.7%—63.5%) Ui, £ 0 2F B (2.402.6%), S bL A
(4.8—5.6%) L HB ML, —HRAF7 ) v 8 (4.493.7%), A 14 VB (6.1-5.6%), Y
s =B (6.5—6.1%) BLOT7IFF 8 (4.4=3.6%) IHFECHD LT,

B1, 2 el mROK RIS AR, 0 T F o BIR2AEME T TRINLE Y,
6B TR DHEMICE Dz, 2 ) X F o BI24RESIcH > oaelE T T ER LT,

# 1 20ppm NO, REBEHR ORIV DD ) I8 EISH B AR
Table 1. Fatty acid composition of alveolar wash phospholipids after
exposure of rats to 20 ppm NO,

NO, Exposure
Fatty Acid RTY Contral 12 h
. N=6 N=6
Myristic Acid 3.5 2.39+0.11% 2.61%0.08**"
4.2 0.6740.04 0.73%0.02
Palmitic Acid 5.1 61.72+1.50 63.50£0.57*
Palmitoleic Acid 5.5 4.7610.21 5.6310.19%**
5.6 3.90%0.18 3.84%0.33
6.3 0.70+0. 10 0.6440.07
Stearic Acid 7.9 4,3810.28 3.68+0.08*%**
Oleic Acid 8.7 6.0840.15 5.60+0,18***
Linoleic Acid 10.2 6.5240.20 6.06£0.23**
Arachidonic Acid 20.9 4.4040.39 3.6310.15*
25.9 0.75+90.11 0.70%£0.06
49.5 1.75+0.09 1.90+0.13

a) Retention time (min.)

b) Mean % value + S.D.

c) t—test as compared with control.
*¥P<0.05, * %P<0.01, % % kp<0.001
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Fig. 1 Time course of changes in the saturated fatty acid composition of
lung lavage phospholipids during NO, exposure
@ ; Myristic acid ; Palmitic acid 4 ; Stearic acid

—
(=)
—

9 py

Percent of Control

w
(=)

60F Time of NO, Exposure

2 20ppm NO, REEIC X 2 W HIZEMHE ) o AS B eh o - RIRIAS I B RELAR O SR 251,
Oy it B A FLvA-B @; V-8 O, 75+ K8

Fig. 2 Time course of changes in the unsaturated fatty acid composition
of lung lavage phospholipids during NO, exposure
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Effect of Nitrogen Dioxide on Glycalipids of Rat Red Cell Membranes
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Abstract

Glycolipids of red cell membranes, prepared from red blood cells of rats
exposed to 4.0 ppm nitrogen dioxide(NQ,) for 10 days, were analysed in order to
examine effects of NO, exposure on cell membrane glycolipids. The hexose -

contents of the lipid extract and neutral glycolipid fraction were 55% and 562,

1. EsrAEdsem RBEEEE  T305 HREREm X165 2
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respectively, one day after exposure to NO,. The reduced hexose content of the
latter was maintained up to the end of exposure period, while that of the lipid
extract reached the same level as that of the control. The sialic acid contents of
the lipid extract and ganglioside fraction were 1.5- and 2.0-fold of that of the
control one day after exposure to NO,. Then, the elevated contents decreased up
to 5 days after exposure.

The elevated sialic acid content of ganglioside fraction was maintained during
the following period of exposure. With the time of exposure reduction of Rf values

of gangliosides was also observed by the thin layer chromatography,
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Fig. 1 Thin layer chromatogram of glycolipids of rat red cell membranes
I, Neutral glycolipid fraction; I, Ganglioside fraction; CMH, Ceramide
monohexoside; CDH, Ceramide dihexoside; CTH, Ceramide trihexoside;
Gloh, Globoside; GM,, GM, and GM;z, GM -, GM;-and GMg-gangliocsides.
The plate was developed with chloroform-methanol-water{60:30:8, by velume)
Shaded spots were stained with anthrone reagent.
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Fig. 2 Changes in the hexose contents of the lipid extract and neutral
glycolipid fraction of rat red cell membranes during exposure to 4
ppm NO,

The hexose contents of the lipid extract and neutral glycolipid fraction were
determined as deseribed in the Methods. Closed symbols represent contents
for exposed animals and open ones for control ones. A, The lipid extract;
B, Neutral glycolipid fraction. Each point is the mean of six determinations.
Error bars represent * 2 standard devation.
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Fig. 3 Changes in the sialic acid contents of the lipid extract and gangli-
oside fraction of rat red cell membranes during exposure to 4 ppm
NO.
The contents of sialic acid were determined as described in the Methods.
Closed symbols represent contents for exposed animals and open ones for
cotrol ones. A, The lipid extract; B, Ganglioside fraction. Each point is
the mean of six determinations. Error bars represert + 2 standard deviation.
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Fig. 4 Thin layer chromatogram of gangliosides from red cell membranes
of rats exposed to 4 ppm NO,.
GM,, GM,-ganglicside; C, Control; the number represent days after expo-
sure to NO,. The plate was developed as described in the legend of Fig. 1.
Shaded spots were stained with resorcinol reagent.
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Changes of Fatty Acid Composition of Phospholipids in Red Cell Membranes
of Rats Exposed to Nitrogen Dioxide
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Abstract
Male Wister rats were exposed to NO, at the concentration of 10 ppm for 7

days. Red cell membranes were prepared from rad cells of rats exposed to NO..

. ERLAVEDTAT RUSRAETHEE T305  ZCMRUSRBER Sk EF) 1116 % 2
The National Institute for Environmental Studies, Basic Medical Sciences Divi-

sion, Yatsbe-machi, Tsukuba, Ibaraki 305, Japan

—117—



phospholipids were extracted with chloroform-methanol (2:1) from red cell
membranes. phosphatidylcholine (PC) and phosphatidylethanclamine (PE} were
separated by thin-layer chromatography. Fatty acid compositions of PC and PE
were determined by gas-liquid chromatography.

Cor{siderable changes were shown in fatty acid composition especially in the
proportion of arachidonic, s‘éearic and palmitic acids in PC and PE of red cell
membranes, and other fatty acids changed very little. The proportion of arachi-
“donic acid in both PC and PE increased at the first and fifth days of exposure to
NO, concomitantly with decreases in those of palmitic acid in PC and stearic acid
in PE.

Simultaneously with the change in arachidonic acid of red cell membranes, the
proportion of arachidonic acid of serum PC also increased and that of linoleic acid
decreased with the time of exposure to NO..

Based on the above results, we discussed possible alteration in membranous

function of red cells resulting from exposure to NO,.
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Fig. 1 Changes in content of arachidenic acid in phosphatidylcholine, phos-

phatidylethanolamine of red cell membranes
choline of NOz-exposed rats

and serum phosphatidyl-

RCM ; red cell membranes, PC ; phosphatidyicholine, PE ; phosphatidyletha-

nolamine.
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Fig. 2 Changes of fatty acid composition of phosphatidylcholine in red cell

membranes of NOz-exposed rats
Cie ; palmitic acid, Cis ; stearic acid, C#s; arachidonic acid.
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Fig. 3 Changes of fatty acid composition of phosphatidylethanolamine in
red cell membranes of NO; exposed rats
Cis ; stearic acid, Ciagr; branched fatty acid, Cfs; arachidonic acid.
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) s — VEESEROEEIRMR ) SEETRRE NI 12, ZhoETMEEEOT 2R 4
WLz,
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Fig. 4 Changes of fatty acid comiposition of serum phosphatidylcholine of
NO: exposed rats
Cis ; palmitic acid, Cis ; stearic acid, Cis ; linoleic acid, C#¢ ; arachidonic
acid.

—122—




£ g .

BA1INLIz& Hie, MiEH L ORMRE ) S EEO7 5% F o BOER 2R 2:, sAEET
BRI PC, FRMIREE PC 8L CFMMEPEDO 7 5% F VEBSEOERIE—BEL T2, 78
BACRARMNRE ) A AEEBO7 7% K BIX 5 HEIC S<THD LTV 20N L Tl PC T
REIMUTWAZ 5B b, COT LIFMFFERMKEDETH Y VIEED 5 idfgRiEED
R RHEPIEET VWAL EETT D EEALNS,

MMEREED 9 REE 2R L T 2RO T 53 FoBid IR L A Y S RIS LT 3
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Fig. 5 Changes in content of stearic acid in phosphatidylcholine, phosphati-
dylethanclamine of red cell membranes and serum phosphatidylcho-
line of NOa exposed rats
RCM ; red cell membranes, PC ; phosphatidylcholine, PE ; phosphatidyletha-
nolamine,
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¢ CBEEFEORNBERES S UERBECRETEE
Effects of Nitrogen Dioxide on Enzyme Activities and
Membrane-Bound Carbohydrate of Rat Red Blood Cells
HuRg' - =i &1 . FEIEe
Katsumi MOCHITATE?, Takashi MIURA! and Kunimitsu KAYA!
E B

4.0 ppmNQ, # 7 » M ICRELES, FMmficksv T, 1 AHBZED Y 7 V-
FEOBEME ~ % v - 2FBOFLBED o, SEEHBE&s HEICE, WER%
NZhOMEB L RIUMEI/Z Y, 208ticEnL, 088 IREFh2ZhoNEE L
hE 2R LI, ZOM, Na, K-ATPaseiSiE & #8000, 108 iz i3 WiEE 03, 21F
L otl, FIRMERAITAMEISHC BT, Fva - 2-6-Y CBEINKERFEIS L
REPALE 7 RE Tt EE L U 2R L 7208, FEBRAGREE R B I279% 1K
FUrze &, v CEBEUKREBRIEICIEMT 2 EHa s B ohiz,

Abstract

Red cell ' membranes, prepared from red blood cells of rats exposed to 4.0 ppm
nitrogen dioxide(NQ,) for 10 days, were examined for evidence of. changes in
membranous components.

- One-day exposure to NO, caused an increase in sialic acid content and a
decrease in hexose content. Seven days after exposure contents of both sialic ac.id

and hexose increased and the elevated values were maintained up to the end of

| EVAEPIEH BRESEER T305  RRASUEERSERE/ING 6% 2
The National Institute for Environmental Studies,Basic Medical Sciences

Division, Yatabe-machi, Tsukuba, Ibaraki 305, Japan
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exposure period. Na,K-ATPase activity was also increased and reached 3.2-fold
the control 10 days after exposure. Enzyme activities of soluble fraction of red
Blood cells were exmined. A decrease in lactate dehydrogenase activity was
observed seven days after exposure, while the activity of glucose-6-phosphate

dehydrogenase did not alter.

LI
AKEELEYEO—ETH 5 BIEEFE (NO:2) &, MizBLTRAINS LiAicA b Rz
fitshacep@Eshtna, BASAE NOad, MWEH THERMEES 4 B 2 LT
T B EHPLpIcINT AL ZNLOREE, NOH RIZBA SN 3 & Ml 1 ERIEE A
F o FIIEEEA 4 O TERLUBRECZRRIcHEfEh 3 L 2R RBLTW A, #-T,
NO. 72 2EMICRBET 5 &, WHRAHOMEBRKIIEREE A 4 35k Ol 4 oF - & Hifb¥ 2 Ajhed s
HB, LOT L, NOREOSHEARGHOEIIC I TRHELWSpIZL, ZOFERIE %7
FTRUDIHRARB L NEFVREL 3L EL2TBRL TS,

FrXINhETIT 4 $121310ppmONC, 2 5o itRBT 2 &, FRIMRE Y > s BB L 58
KEEREESEC A C L 26 it LTHR ™Y FHETIE, NOREICL >THROBRAYZS 3
FEPEEOS L CEREEEPROR U TECERELIERERTLI,

H ik

P, ®RBESESLUFRLROSE

ATHHCED L 120 & RlREIC Wis£ar—JCL®ﬁﬁa v +%4.010.08ppm®DNO, THEFERE L 72, NO,
BERB L CERREAOAONBEO 7 5 F OFEEBID 6~ ) VEETCHRML, UFOERD
HAELE Uz, RMPREEFEE Dodge 6 OHHEIC L - TiT-7c, FRIMBR 2 ET AT 3 EZEAE,
I5f5AM 1 mMEL A L2 a2 &10mM b ) 2 —HEESEWR (pH7.4) 2MAEM S, 1§
e 20,000 g 205 @B L - TILE 2y, FUEERT3ERSR LSO PRMRERES &
UTHW, £, BREE2HET 488G, RREOGETRIMRER T 2B L1245, Bl s
KB OBER I 10mM b VX —HEEE (pH7.4) 2 F V1o, FRIABRAIFSHEI M MRz k-
TAlEE 2RV,

2. FNRELTIBELUAxY - 20ER
P AVBOERE, FMIREEEN0.2ml (3 — Smgd U VEEE 2 Tr) 120, SNIREE 50 2IIA
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TBOCSOD IR 27\, HMEL 7o 7 ABEIZ DUV TIT - 720 MKSEEEARE L, 0.6m]l DK
2INA S NKEE(EF b ) o ATl tz, AR emiD v oo a2 INA L (HERL 128, 3,000
(81 043 DO B TV BB 2 4TEL L 50w D0, 5M Y BEREEIIE (pH7.2) %A o, alkhdkT 1
mle Uy 0.5ml F-2003 . —HIiC0. 028D 7 ALB7Z LRI - (V4 <8) 24, 37C
GOSFRIMBE L fr, o7 VEEFT M RS — B L BN EE UTHERA L, WER, Aminoff O
HECk » THBER LT, |

A%y - ADERE, ROEREER0. 2m] ICEHEE100u %2 NASOT 4 HHAOMASMRITL > Tilf
Lt~ ) - 220 TiTote MAKSHEDRAEE I ooRvLa—2 57— (20 1,v/v)
%1.2ml AT 2 BIAELZ, £E0.6mlk H0.2mik e b, B0CTER# 2 28 LK 2B E
Litd b, oo BB MA, Roe®d B Trd Y — 2BRHNE LI,

HRMEREE S D Y EE &I Harris 6 QO HS) TIT, ARMBRAEEE SO 2 s B &g
Lowry DFEEY) itk » TRIE LT, |

3. FOBEEASEMEOEMENE

Na, K - ATPase iGfHEHE X, FROERFEESO. 2ml 2 Rvy, CHIZ140mMEE(L+ R Y & 4, 14mM
BiEA Y o n, smMBIL- 2024, 2. 5mMTFL L7307k SEEE (EDTA) 231020
mM b U R - IEBERERK (pH7.4) 24, 37TCS5 A v ¥ a~x—v 2 P LI, 0.15M7F 7 &
Yoo B -E) LB RI0uNA (BUKZE0.5ml), 37C30RMA v ¥ 2 N— v 2 L UTiTo 120 %12,
TEHECIIEED ) 0 2 BRI E DR, £ 2% 2 X— ¥ 2 VT #30%TCA%0. Imlin
ATBOMC b IO % RO 2 0. 2ml D Y BB % Harris 5 OHHEIC L o TER LT, Na*, Kb
Mg'* B F TDATPasei®Et#Na, K, Mg-ATPaseifith & L, O 6HELE Y o L8R
MTOATPaseiGtE 225 WV Iffi%2Na, K - ATPasef&th & L1z, _

Yy RF 7 EEER, BRBEESmMS, 5 -UF A YR (2-2 FoREEE) 230

"50mM ) CEERRER (pH7.2) WRMBREESEZNA, 0.5mM7P e FAF 40 Y 7L 344 K5

ZEH L L, 30CTOA0nm OEEEEMHE I & hRd i,
Fva—2z -6- ) UEEBIKERETL, BRI AnMo2F L7 I R T FI LU S LA
F K9 B (NADPY), 10mMIEE(L= 4 &9 4 22 5100mM b ) 2 - i REEEH (pH7.7)1c R ek
TS A, 1.2mM& LT — 26 - Y REE & L T3M0nm O R BNo#EIEIC & ok
HENTIEVE VB F - UIEEE, BT 2 Mt A 7 s s — AL E LR, A mMT P L
5-20 VB (ADP),0.ImM7 V% b —2E2 Y V0. 16mM=aF L7 I FPF=200 R LA F
FEILE (NADH), 100mMBALD v 7 4 5L F1OmMEE{L = 74 & 7 & 2 FE100mMA 3 5/ - b=
BRI (pH6. 4) KILBEIKERF 1 Oug e N A (BARFE0. 5m]) 340nmDPSEE R IC L H ]
ELTo. PLAEHG/KGE BEF TEIEIE, BIRIZ0. 6mME L L8, 0.16m MNADH %23 {r50mM Y B
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EE® (pH7.5) T3MOmD BRI L hRE LTz, ChSTENBROFHNER VTR
30CTIT~ 12, -

" 2

BISR ViICH0 T, 4 5E000ppm NO, 25 » NIRRT 3 L ROEREARD Y Va2 7y Fo Az £
/=7 T (LysoPE) & AEAFISHHBROEIS 58I 5 C & 2 BE L1z, BINO RBHSHIER
BRI THERH O T 2120, B o BB L BEIEEOEHEE L THRMBRONH
REHLTOB L EABALPRINTVE L 7V BEE K~y - 28BOTRET- 12, M1 42,
4ppmNO REiC L AROFE L 7 VEEE L FF Y - AZBOELR2R UL, v 7 VBRI,
RERTRSGHGE 1 AR CHBEOLERE2RL, LESRAKELL, S HELLHUIERL,
10 Bicid B L b BWEERUI, BBRECBOLTE v 7 v BIRIZP .5 Fiuignt 7z, —
H, ~*v-23813, REHE TR, 5HETTHERL VEGBERRUICYM, 2hLIEBERUI0
B E i BB L. 2405 IE LIz,

60 p
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1 : Hexose
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[} il I L
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1 4ppmNO BRIzt BRMHE L 7 VBB L ¥+ —~ AZROEAL
Q) - xdfEEs, (@) @ $#HEEE.

Fig. 1 Changes in contents of sialic acid and hexose of red cell membranes
during exposure to 4 ppm NO,

The contents of sialic acid and hexose were determined as

described in Methods.
Closed symbols represent contents for exposed animals and open
ones for the control counterpart. Each point is the mean of six
determinations. Error bars represent + standard deviation.
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OD (660 nm) 30/min

pl of red cell membranes

OD{660 nm)

0 20 40 60
min
E 2 FRMEREEDONa, K-ATPaseifth
(C) : Na, K, Mg-ATPase, (@) :Na, K-ATPase
(AFEYEDREBSZEAL, (BFRIIFRIEE & 75
Fig. 2 Na., K-A'TPase activity of red cell membranes of rats
(&) Time course of ATPase activity, (Bl Dependency of Na, K-
ATPase activity on quantity of red ce!l membranes. ((O): Na, K,
Mg~ATPase, (@) : Na, K-ATPase.

¥ 1 ZRMFREENa, K-ATPase
Table 1. Sensitivity of Na, K-ATPase activity to ouabain

— Quabain + 3 mM QOuabain
+KCl | —KCl +KCl | —KC1
0D660/30min 0.142 0.072 0. 096 0,098
20D by KCI 0.072 —0.002

FROBREZICIE, BABRERBET A2 ) 227 75—+ (ChE), B2 EE U THIEL TV 3 Na,
K-ATPase OEFEEBH SN TS, 28L& 112, Na, K-ATPase iG1EDOHIESRHIC 5
TERE L IEESR2IRU 2. Na, K, Mg-ATPaseiGf 3 X 0"Na, K-ATPaseiEH 13 B 4503 @& &
CA0RE37TC TR 2 MU (K2 A)o E12, TIEHE & § 12240 DFRMEREBER £ THEHIC
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Fig. 3 Changes in activities of membrane - bound enzymes of red blood
cells during exposure to 4 ppm NOQ;
The activities of Na, K, Mg-ATPase, Na, K-ATPase and choline esterase
were determined as described in the Methods. Closed symbols represent

activities for exposed animals and open ones for the control counterparts.
Each point is the mean T standard deviation.

# 2 4ppm NO. 7 BEREiC L 2 AR MERT]EE 3 OB RIETEOE(L

Table 2. Changes in activities of soluble enzymes of red blood cells seven
days after exposure to 4 ppm NO,

Control 4 ppm
% %
Glucose~ 6 ~phosphate DH* 9.6 £ 0.4 (100) 5.44 0.3 (98)
Lactate DH* ‘ 14 £ 858 (100) 82 £ 5 (79)
Pyruvate Kinase® 9.8 £ 1.6 (100} 10,9 £ 1.5 (111) i@

% Specific activities were expressed as u mol/min/g pretein

e L CiE I ERR g mL 7 (82 B). £ T THIE & f112Na, K-AT Pase i&#4d, Na,
K-ATPase DERMAEE THE V74 LR E-> TEEICHEFSNIZ(EL ) B3iT, NOZ
Bick 5Na, K-ATPaseiffi 5k 0Fa ) v T 27 5 —¥iEHOELER LI A& EFEET
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AChEDIE#E X, REEIM 2B THMEE, RENL bCHFELRLRED Shsb Tz —75,
BENTEYE 4~/ B T & 5 Na, K- ATPase Diftkd, REMME1 HE» 6100 H cOMITH
MRl 20, RERTI.ICETHNLI, REETR T HE» 510 ARP TELWVENS
Abh, BEHE®ICH BT EEIOL 6512 LT, 12, Na, K, Mg-ATPaseifift b REEH
7 HELRESCEMERTRLIZ,

NO B X 2 RMERARAR~ORBEBE T 2 0 0ic, FmMBRTUARES OBFRE £ 8
Fltz, Fva—2-6-9 VEBKEBERES L A C RS F — 1L 4 ppm NO. O
7 AESFICS > THRELZTLRIED s sb - 1248, HEEBUKERREEHRTI% T TETLE
(#2)e '

% B

4ppmDNO % J » FCRET S5 L, RIRiCBOTERTCEBHL TV 285 20 H, BiE
BEOHERGBILL 2, FICEPERS 5 2 E T & % Na,K- ATPase OIEEEMO 52 5 15
MERPRRIETE T 2 HERGUKRBROBUME T T 2 L A MBI SR E 2% 5 T LS
etz 3T, NOREIC L ARMERA~QFEIIZ ORI 5 T EMARETIZE VD &
EiboND, YT VBEENEL, N3V -2GBHEV5 HE F TORREM TR, RMREE
X hEmAOEBRE L b, RMEBRRRMCELHL TV AANF 7 -8B LT3 HEEMESR SN
e COKEIE, NO&FRick b RmBkFEEmGENE(L2Z 1 salfeE 2T LT3, S HHLL
BOEEHETIE, Vo ANBRICEM L 7 VEEB L A F U — AR 575,
BEARTEE: 7 > 2 B T H 5 Na,K-ATPase OEHHINE T stz Tk 5 2 bidFAR kD
Tl -2 st LTOEBETELTL200E LN, _

Stin vitro TORMIROBRBER21T5 T &i2d - TNO WS HEERMER & KIS L T C AL
PHLMIZLTVW FETH S,
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Control of Nitrogen Dioxide and Ozone Concentrations
- in Air Pollutants Exposure Chamber

mA ' - SREER - wEES - &% 5L - EE—'

Shigeru MATSUMOTO', Keiji TERAO®, Shinji TAKAHASHI',
Hiroshi TAKAHASHI and Ichiro AIGA'
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Abstract

Some problems concerning to éontrol of NO, and O, concentrations in gases
exposure chamber system as inhalation equipment for experimental animals were
examined.

With chemical reactions between NOQ, and O,each gas concentration altered
along each positions from upper to lower in the chamber under the condition of
some restricted ventilation times, It was necessary to detect the concentrations of
NQO, and O surrounding animals in the chamber for the control of concentrations
of NO, and O, to desired values. When forty rats were breeded in the chamber
under the condition of restricted ventilation times (100 times,“h), about 1.5 ppm
NH, gas generated from experimental animals, was observed. Interference
characteristics of NH,; gas to NO, analyzers were examined. One ppm NH, gas
was detectable as 0.6 ppm NO, by using NO, analyzer with molibdenum (Mo)
converter, but was detectable as 0.03 ppm NO, by using the analyzer with
glassy-carbon (C) converter. Consequently, interference of NH, caused error about
60 % when NO, was controlled to 1 ppm using sensor with Mo converter, but the
error decreased to about 3 % using sensor with C converter.

Specifications and constructions of the equipment were described in the

supplement of this paper.

RLHI

KEEMIEOR TRIERELBAOSN S BIEEED VIR TV L E0 N b3ERE O —
THRBAREICL 2 EEHBEREN - BEMICHEINT 2 2 L 2 HINE Lo 4BgeRT R R
(Hfns2~56HE) BEITIN TV A, ZORKIFRIZANLGNBHEEY 2B AHREBRERE L LTNO,;
LOOBEAERT ARHBF » N —DEAHBEShaCtieny, 730 yyr—-Fllishn
HRaEER B U, RMIZ OB SOTREBEY N, BAME 3 HicsEilkLE & >3
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L DEEREHEE R L FEETEAERERECRANLNADT, RoMiE: L TENND
HEBERM AL bO TR b2y, EREWEROSIEYBL BE O EERELHSE
RKshsroT, BEE, ARSI UAREVBEINRELLL0, CNLOEFOTRNC, B
COMARE Y AT ADBHEINI, F v 2~ ABEHIELICH 2 OpgfEsE U7 o B
AENO L 0, 2 HARB T 2 BA /KA OV ARE 2 RAHEOWHPRET CTREMICHIIT S 129
id, #+ 25— TONO: & OO UGS BT A LR ETH 5, - tEHABREE I
HEft I ALERD I R T ANH; SNO 7 Ic 5 4 2 B2 A~ 3 0ESH 2, APz hb
OBIC >V T U TILRR 2 #2712,

1. NO 2O, 2BERELIEE, RECI -TRCHF » /" ~NEFHICH > 1IN0, L 0. D
Eafme s, BENEASHH~EATEF » v -RELKDY 7Y L VHBELET 2 1R
iR,

2. HEBERZEMENE LIREBTOF v A -—WNTHRATANHLBEICSVCTERL, AF»
”—miﬁmE5%K@%@%%EéﬂaNmﬁ%%ﬁbto1tcm%£%éiif,#aws
F vt AFANOIEH 2 NOBEFEARL & L THEHT 254, #HEABYIcHET 2NH,
WIHTEHCE A B TBREIC SOV TREL, NOya /¥ — s ~RBRIZHOLTORR RS,

A&

FERTHEA LW 2R LKA T . NOIHTEH&E NH ML, %0 2 2 ERINER %
FERLTEe V2 (BRER) THRUSHITICEALTRIEL . BT R, Yoi2ixBgkl
FTEROLORERAL, BIEE B TEMNSDS 201 B2 HER L2, O TEHIERT
HERH1000R 0, FARE 2 (FHL TIRIEL . O, B O/ X ST RBE s Tl s hi
BRBRTES LY 21,

FoerN—HNOFABEERAIETA200% 7 ) VB PN L ITRT, &9 7Y v ohiE
DLMRTHEI TR T 72 e VEEBRER LI, 2 7)) I EERNOBBRERE TSI, &5

# 1 RS —ER

Table 1. List of analyzers used

Principle of analysis Type
NO; analyzer with molybdenum converter| Chemiluminescence |8440ES {Monitor Labs)
NO; analyzer with glassy-carbon converter Chemiluminescence |ACL—I14DS5 (Yanagimoto)
O3 analyzer Chemiluminescence |8065 (Kimoto)
NH; analyzer Second-derivative |SM—1000 (Lear Siegler
spectroscopy Inc)
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Diffusion board ' Gas sampling point (1)
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/- Gas sampling point {3)
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Turn table H—:
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Fig. 1 Cross section of chamber
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EHTOIERICRHLEL T2, #7 FRERLRE s N RIZRHOERILE RIS LD
BESBLLTYL . F+ 0/ -HONO, ~ORORGIRITLAL

NO,+0,—NO;+0,  k=0.008ppm - min~’ (1)
N03+N02“_’N205 (ZHN03) (2)

THHEEALNDY , ITNLDORGHNEEEEZAL BN, Croes Cope 2 B4R LIBT3
NC:B L O, DB, k 2RIHNOEBERE T 5 EN0 L 0;DRGHEBIIARD L 5125,

dChon dC,,,
5‘; t =2 dot L——2 ECyope Cope 9

BEA -7 Ly v a ZFBGTHADF v - DEGE—JILMAHN L IET L, i
B3 6F v+ o/ —FHAONOBLFOBESPFNA L ADL AR,

Croat = (Crowo — 2 Cop) /{1 — 2 %M‘E(t)) 4)
Cost = Coso (Crogo— 2 Coso) e(t)/ {Cno,,o— 2 Coso * el2}] (5)
elt) =exp I_k(CNum_ 2 Cu:.u) tf ' (6}

CCTHERRMIEA V2R 0 AIBEOMNEE t =02, L, ZOEDONO, 5L 0, BE% Cuo
Coro & UTie 21BN F v 2/ TNO, 5ppm, 041 ppm% #5E L 12BS O HEE & ZHEED 1
Bleiid, HEEIY UENEO GRS B0, NO 2 0.8RE , Xvh o HizE#S 7
KRB LSV EREOREBTRIELIIID L EL OGNS, CORHF 2 FHICIRH S h7NO,

B0 EBERETER L0 L 5 il EoRH » XL 2 SERET 5 BBESHS I, E2T

# 2 BEEF LN —DEEN ZEEIC 1 B AT AR
FFEME NO,: Sppm, O3 lppm

Table 2. Flow rate ratio of supplied gases for control of mixed gases in

the chronic chamber.
Desired values NO» 2 5 ppm, O3 : 1 ppm

Ventilation | Sampling point (1) Sampling point (2) i
(m/h) Ry, Ro, Rua, R, Note
(%) (%) (%) (%)
50 0.84 2.09 3.57 8.92 Estimated
280 0.15 0.37 0,61 1.92 Estimated
302 1.59 3.88 10.6 {zaz Measured

Concentrations of NO; and O3 were detected at sampling point (1) or (2} shown in
figure 1, and were controlled. Flow rate ratio {Ryo, or Rg,) denotes the ratio of
reacted NO; or Oz to remained that.
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BLEBEAGH L -T2, ORI, FIGIKL W BLT AN BLFO,0HELHMITEL TEEE
TREGEZ T, P75 -22)0MNBRTIBSEYTHEZ L RRLT VS,

2. F 42 IX—AONHBE ENO, SHICHT BNH, DFHIz 2V T

BMRETEE» SV 2240 ) LT 2 BE, BOEKRED SR T ANH B4 2 BEH]
RIS L 7 x BEFEEECHET 5 NS 5. 7 v v Y-HNONHBEIET 2
RERDE, BHEMEBEIHF + » /S~ AONH, DRIEETT -1

F v N~ PONH S48, NHIBEEZY L 7)) 2 BRITAIE LR SER TE - TR,
FHET ANH.RIIAERERLCENT 24, FEEEE1BETIITITEL 21, £y
T SBRIOMEIRY T L NEBRIOEERIL Th -1z, NHIRERSERE & 25 12O
RRPRIIWORT, RIWWRLIZI S ICEHY 1NN ) KR UINH.EERRI Y1 24 -5 5 b
OHEKI 8mg/h, T VT NARY ~OBEK 2mg/h ThH -T2, BELINH.ORRE IS
INFF-TVaY, BEHVCERORELS A0 Y 5 BREEY Men/s UT M A2 RES S
h, t@EF « o N—THBABRGRZ2280m?/hE LTWWE, COBRGERTS » MOLEHERT
FE T F » N —ANH, B, 5ppm e £ 5,

NO, B EHIHE 4~ & LTONO DL, BEL ~AOEMED Sppmt — 4 —-F TONO.
BEM L TRTICHIEL, HMEAESL LTHRATE 2 LLPBETHE. CORMIKIZAKE =
Z—FDrINt o2 AHRNOARHPRETH A, ZOMMFEHINO, ZNOIEHR T 21
HONO/NOT /¥ — g — R e 5, ERINICMEHHL TSI, Mav -4 —DZt
WEREEEEY LF T2 AL, NOBENE 25 LHPTE, —BicM,a 38— 2 -0l
B, REFIFET 2REOEREONO, » 2 ¢ 2B & 1014 350 THITHEM SN 355, ppmA —
- OEBMEERTHERTAHAIIICOL > LEETHHEE T AERHESE 6 1T, 450TH
WBRES FIF 2 0 ep L. COLIRBBETI L SA—4 —2{FHTLBENH.SEILE N, NO.

% 3 FaN-KTEEHTET 5 NH R

Table 3. NHj; generated from animals in the chamber

Number of Total amount NHi converted to relative
animals of NHg (mg/h) value per head (mg/h)
Rat 12 100 8.3
Hamster l 48 85 1.8

Rat : Aged 14 weeks, male, about 350 gB.W. per head.
Hamster : Aged 8 weeks, male, about 120 gB.W. per head.
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AN HEIER TNO, 2 NORER T 2 /5 -~ K2 N—2—2FHBALIZNO 2 v
T, WEWCHT ANHOF R 2 REL 1,

BB EREB T 1 ~25ppm D Air /N5 o A NHEHEH 2 21E 0 ENO AT EHZE A L TNO,
E— FOERL2EELT. BELBLICET My 25— # —DBEE 1ppmONH,IKHL 450 TT
IENO, & L0, 6ppm B8R L, 77 v —#—F 1 3 2s5— 8 — TIF310CTORIETO. 03ppm D F55T
BPLI. CORRIET » MOLPEEULNO, lppm 2 BHT 3 B5, M2 L5 —# ~%{ER L1ZNO,
EHTNO,BEZHET 2 & 0. 6ppmBUDONHOF i XL b, 0.4ppmDNO, R %27 5 ¢ & 2 &k
The LTI v—h—Krawn-g - 2EHTHENH,OFEIX0.03ppm TH b, FHITL
2Hfcy —% 3%REIND AL EBARETHS,

*= 4 7‘9“/—73—71'\'.‘/:1‘//\'-—5?—%EFHL/T:NOX?[‘(‘::E')‘?"?‘/ZI‘/}\'——5!-—
PHALIINOEHZWT 2 NH. T3

Table 4. Interference of NH; to NOy anélyzer using glassy-carbon con-
verter (C conv.) or molybdenum converter (M, conv.)

Responce as NO; (ppm)
NHa/Air (ppm)

C conv. {310C) | C conv. (290T) | M, conv. (450%7) | M, conv. (400T)
0.98 0.028 0. 007 0.61 0.18
1.95 0.041 0.013 1.11 0.32
4,98 0.060 0.022 2.28 0.58
9. 77 0.077 0.031 3.69 0.85
24.4 0.103 ' 0.052 6.77 1.30

£ &
COMEOEBEDRSIEIC M b B BEAC EREENE 2 BEICTALETHD, NO+0,
BEREREEOHEFCEL TR, OS2 BMREEEMIKEET 2N0BLF0:LT 3,
@FIERI% 2 2NOy 25 5. ANO T 0, FOREOBEFIMNSR 2 REE T, BUHSRATIEL
RREEY A HMMEOBRHBIECEA2 ¢, FUL 00BN EL LN S, AHEIODL
B o EBICET I MER BRI LIz ZROEED SO L ) KFENRETHINO 3L 0,

BT 2 RBIE B IR I I B 7o wicid, BB AR Y 75 — BRI EAEY S B,
COBANG BENEASFHCEEER s TEIM,2 75— 2 ~RONO IR EERT A &,
KT ANH, DTS2 SR+ %0EEe S LA 555, LbLI L —s—iKs 3
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Specifications and Constructions of Air Pollutants Exposure Chamber

HAFEFEREE LT, EEERATAZEEF v N — 2 HHUWET 31Xz, SRR
DIbOI—F 7o -FEBant, TOBRIRCLELTHE,

ZEE ARBELRRN BEEELER)

Z B &K B (BRI AETREL) & —AR (H T EE)
B (EL) KR (AL)
= & (AE) (=1 AN (k)
TEER - (REERES) St (AL)
FREE (AE) mAE % (/L)
Botn & (KRR HEE) PR (7R EE)
SIS (EWREE)

LF7 -2 70— 7ORRICES s BHBEI NI RERT » 5 — OHRE, HR %%
B UOEESSWTHET S, :

DN —TTRUTD 4 E2a, RLIORT L 5 BT ELRDI,

1) AWEBORKIHEATERYEOR —B L UEAERO LRI 2 BB EET 25% ]
OMREHECRSUNERE LT 5,

2) EEREHFES I U TESHPETNITTHEL, ot - F e N1 H, F2
F =28 BIOABEARASNAF o X—28ET2, Fr o A—HNEFORBEIZ1-
BOHBEYRGTERE CHET A DL T A,

3) SBH AUNO B L U0, DW—bAVEE L L, BEKEL <L OEBED 5NO,20ppm,
Os SppmO B BEHELT CEBESB TR L. FHForf5 o RERICL VAREBBHNTEE L,

4) Fyoi-id, AESSPFEBSICHF SN IESEE U, BRNES KT THEMET 2 2 &

—141—




£ 1 Feur-Ofb

Table 1. Specifications of chambers

Chroenic chamber Sub-acute chamber

Available space 2.4 m? 1.4 m?
Tefnpareture

Control range 20—27TC 20—-27C

Accuracy t1¢ +17%¢

Distribution TI1T 1T
Humidity

Control range 50—70%RH 50—70%RH

Accuracy +10%RH +10%RH

Distribution +10%RH +10%RH
Ventilation 50—280 m®/h 30—170 m*/h
Control range of gases

NGO, 0.05—5 ppm 0.5—20 ppm

0O 0.01—1 ppm 0.05—5 ppm
Aceuracy for the control

NO; or Os only 3%FS 3%FS

NO;: and O: complex 5 %FS 5%FS

. ZRERE

TR 2R 1 iITRT . MANRUE 7 + v % - T L W ERBTHSBIE~RO 0 5. N
Qb7 4 v —F7 v R 7 v s —, EER7 s —, ZELT N IR T s v E - %
R, Fo-D YA C itk b 1 bt BIRU TXRICHERT & 5, XEBOEIE,
1,180m*/h (320mmAq) Tdh 3,

BATIENH, EOER 2L 400, A -y vy vz 7S LI

FF v N~ DELIERII AT ERIC L W T 1 ERBOENEHARE 1 4B 0~2T
DTFA 2 ERLLT,800keallh, Bk — % —F18kW, INE. XAd26ke/hTH A, BIEE
&7 7 v FPIDRIEA R TIEHBIEL 72, ZRBL LI TKIIDOPF A 9. 9% LI ED 7 T
VYa— b7 o F-TREIN, BF » o —~EHINZ, 2REHET 7TV ) a—F74 Jlr?-
X4 L 8=Dy, Dyicd h 1 BREREIERTE L 5108 >TW A,

WATHINE L BF v N — T H A XA hH D, T TELRTH ZDONO,, O:iF v o
NS RS AN, FerN—RRELNE, BF » U A—0OFR, EHRSF =Dy, Dy
X hFfian s,

F oy o= BHIERT R EFANERET TV ) a— b7 Vs —RiEY, HREET s -
TR 22 REsNBABHE I NS, HERERLT 1 VF —id= - P U -2 7 1 V& — % (HH
Uiz, HERERIE7 4 V=125 8 —Dy, DRI Y I RER BN L TTHEIHERT %,
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. Fi|Fz 20 G4 G trGJ = GJ
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Fylvw—w¥0—z404d— 70
N —
Fig. 1 Block diagram of chamber system
B Iblower GJ " gas jet unit
C : chamber 8J T steam jet unit
D;~Ds . damper V. lvalve
E ! eliminator C/C : cocling coil
F, ! disposal filter, catalyst-bear- D/C : dehumidifying coil
ing filter (MnO,) and active R/H ! heater

carbon filter
F; . absolute filter
Fa I Matsuclean filter (K,CO.+Ca
(OH):) and disposal filter

HEEDILHD—RDOF v - DREEIEDIBEMBOF v v X —ORBICA S BB e5 2
TOEd, BF v oA - CREEIIEABE L THE 4 257 L 2R TH B AbEEREF »
YN, LA RNZRT S bR TRELF » VARSI AT LD TER L AR T

WA,

—143—



F e N —RBEEORIGEGASHEEIC LD, I ABEOF v A —NESOT AL S
el rrsicltz,. R RBEORMAMNEE 24~ —ct b JEBIs N, FFEMOESEICLELT
R %BRT 2 L &M TE S,

2. Fy—88

HAEREY L LTidv o2, o b, 23E, REVFEINTVE, Fr v N—4 1 X218
PR v o= 3E8Mr -0 5y —UEtnid Ry — U ABLaRRR: L, SUTERHF +
PRI RBAr - UMABLIREEL LT, KEIBRTLI

F oo P BERKEESAAEON ? AFEL L, BEEEOBERRA v BYEERO
REIGMEEBED S — v F— T e Uiz, Froi-NERRITERE L, SRATS—REZ3
I IEEEAR B SWET I 3L TH S,

ForN—NESPFEEL T2, BBOL3CF T Y a— b7 s 04 —TRELIZELS
BET AL, HHNE, AEEEAC2HEORATy 7R EEF « - KIFITTH B,
JERMBII AT AL L, @K1 v—ick b HEEMIN L,

3. HABEHIE
AABEFE AT 2D T 0y 7547556 2K210RY . REFABY ABLK0MEH
C:Hoid, EREHETINDRETH U REIREL, SEREE~EFEE THEBIATI S,
#EAGNO2/N, # 2 13250ppm ~4, 000ppm DFH EFBAE X 2 &, WALNO B & LN, 2 FEElc
NO, FEAHERE TIE 54154, 000ppmDNO, /N, % KB B I S b€ TERLU THEMAL TV A, Loy
ABEDRFULF » N —AODH 2 ZEWL, BFISELL0,00EUTELE IS5 IC LIz, NOF
HRBEORER2E2IC, 7o 25847550283 1KFRT. NOBERES —EIC@Eo19, NO,
BLUN AR GERRE B T -EERcH@In T2,

M NEL ) HEBINIINOIE, F AWM, AL b F 2 X —Rictashd, F+ 5N
NO. B fHANO. iR 2 HRRR MM CHEL T, BMETAHEICHBEINS, 05120, &5

%= 2 NORBEEEOHRR

Table 2. Specifications of NO: generator

Concentration of generated gas NOQO./N; 4,000 ppm

Accuracy of concentration +3% (max.)

Capacity - 4.5 Nm?*/h

Pressure 3 kg/em?

Raw materials NQ: pure gas and N, pure gas
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Inlet of outdoor air

03 generator
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rf—T————~
i
a % 4
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Tuer |
ﬁ | $X1— MFC DT . MFC e
t |
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N2 NOz generator L_____ !
N A }
1 1 )
15 ..
NO2 o T S

NGz /N2

——————— e e ]
NOz /N2 @ m_f i
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|
[?3 Ha i@iﬁ EE’
2 HABERERLE 7 = » 7 [
AC | T NA I NO.S3#Et
B EE QA 1 0,738}
C I F gt PC: 7 a5 LR
F [ 740Ff—2=5} PIDC ! PID#HER
G AR LA R @ ZCEREL
AL BHEE S ¥y L rER
GLD ! oMt ¥ 2 A VHasE DT HE%
MFC . BR R FAEET ST : LB
Fig. 2 Block diagram of gases concentratlon control system
AC air conditioning unit NA @ NO, analyzer
B ! blower QA . Oy analyzer
C ! echamber PC : program controller
F  filter unit PIDC ! PID controller
G gas jet unit R I recorder
AL :alarm device S I sampling unit
GLD { gas leak detector DT : discharge tube
mass flow controller ST ! stabilized power supply

MFC:

B2 & UMBREBICL V RES €, NO & ARRICESRBHDH 280 ¥V 2k 7 Zv~%sh
Be FrlN—HAABENAL LT oD T A/ TS IEEL L. NO, 0D
BRERBTORIGEHMAA D, ﬁzﬁﬁm%%ﬁ%bto%+/n_mﬁz§gu7fu¢

PID®I@I% 1712,
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Purged qas

Nz qas
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@ 3 NOz%EE%EfD Ty 7
BT ‘Ne7Zryr—222 MIX
C . wHS P
F [ 74+04%- PIC
F1 [ mEmmat PIT
MFC : ERITEHE TIC
Fig. 3 Block diagram of NO, generator
BT : buffer tank MIX :
C  :cooler P
F . filter PIC
FI : flow indicator PIT
MFC : mass flow controller TIC
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. compressor

. pressure controller

. pressure transducer

. temperature controller
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Table 3. Results of temperature and humidity control

Desired values Results
Temperature (C) | Humidity (%RH} Temperature () | Humidity (%RH)
20 50 20.0+0.5 50+ 5
20 70 20.0%0.8 705
27 50 27.010.5 50k 5
27 70 27.0x0.5 70+ 5

# 4 F e -HOBEBESN

Table 4. Distribution of temperature in chambers

Chronic chamber Sub-acute chamber
No. 1 Ne. 2 No. 3 No. 4 No. 5
Mean temperature (C) 25.8 25.9 25.8 25.6 25.6
Standard deviation (C) 0.13 0.12 0.12 0.11 0.11

Temperature was measured at 76 points in each chambers, and the measurement
was repeated 10 times during several hours.

o 5 NO, 8 00, BESEKH

Table 5. Results of NO; and O3 concentration control

Desired | Ventila- | Temper- |Humidity | Range of | Error
Chamber Gas value tion ature analyzer
(ppm} | (m*/h) () (%RH) | (ppm/FS) | (%)
Chronic NO,; 5.0 280 25 S0 10 1
Chronie NO, 0.50 280 25 55 1 2
Chronic NO., 0.05 50 24 55 0.1 3
Chronic Qs 1.0 280 25 55 2 1
Chronic 0, 1.0 50 25 55 2 3
Chronic o 0.0 50 25 50 0.02 5
Chronic | NOs o, | 39 280 25 50 v 1
chote | Mo | 28 | w | w | w | R |
Sub-acute NQ, 20 170 25 50 20 2
Sub-acute NO, 5.0 170 25 60 10 1
Sub-acute | NO, 0.5 30 24 60 1 1
Sub-acute | O, 5.0 170 25 60 5 2
Sub-acute 0, 5.0 30 23 60 5 1
Sub-acute | O, 0.05 30 24 55 0.1 3
Sub-acute | NO7o | 20 170 24 55 2 2
Sw-acure | gt | G5 | s o2 | e | 4, |
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Research Report from the National Institute for Environmental Studies No.15, 1980
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Effects of Long-Term Nitrogen Dioxide Exposure on Rats

—Environmental Contro——

A % - BEMAT - K B ORA S - WS BA

Shigeru MATSUMOTOQ!, Kazunobu FUJITA', Akira SHIMIZU!, Hideo KIMURA'
and Hiroshi TAKAHASHI'
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HEC o Tk, 2830 ORBHIOETF » > —-0OREES L - BILERR
BHIERRE 2 E LD, Th 6 OMEIRMEBOBEE K- L T,

Abstract .

Outline of the air pollutant exposure chamber’s system used in each experi-
ment in this report, was described. The results of automatic control of temper-
ature, humnidity and low conceﬁtration NO, gas in each chamber during about two

years, were summarized. The results of automatic control agreed with the per-

formance of the specifications.

1. ESCAEWAR BH 7305 SRR RIKELT HEHT/NEFI 11163 2

The National Institute for Environmental Studies, Engineering Division, Yatabe-

machi, Tsukuba, Ibaraki 305, Japan
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AREBENERD o0 2 MR 2PETE 21000, BHEEEEONO, BE % 2 IEL F DR
DI > THGEMIC T ZRBF » o —RBEUMET A C L BUETH 12, TOL D THIE
IREDNO; DEMIHICH 12 2 EAZEIT OV TOMREID 2, ULnh - TEBEENTERES
ELPRELTHRT Ao OEM BRI E A SR 6 0, —F, kSRR OF R,
EEUEPRIESNAIMERAL LT, F+ XN —HH 2 BERTEHE IOV TOEEHSZIE S i
RO EIZEROILETHD,

L OWMETIE, MRS EBRERCEBEIN T A RGER Y AEBF » v - DL 27 LI

I
. KEBERNARMF v /1N =L AT LB
YORABLET y FEO)EBYPHRE T » o BV NBHLLTON AREEER L TO

Gases control unit

Gases exchanging unit

NO2/Nz i ‘
from gases »—{MFC ;
sforage - Qutlet
Inlet of cutdoor air i
Fi Fi
Fz 0 c B F5
Air conditioning unit Chamber
=] 1‘ F o —FkTe v 2K
F, (BREED 4 0% — MC [ RA&%
Fp ! ZEibw Uiy 4 L8 — MFC : B R
Fo i AR Z 405 - C/C I BHIa 4w
Fe i 77U Na—br7 405 — D/C BiEa 1
Feiwod0—07 g 04— R/H Ie—5—
Fig. 1 Block diagram of chamber system
F, : disposal [ilter MC ! mixing chamber
F, © catalyst-bearing filter (MnQ,) MFC . mass flow controller
Fs . active carbon filter C/C : cooling coil
F, . absolute filter D/C . dehumidifying coil
Fs . Matsuclean filter R/H heater
(KzCOg"‘C&(OH)z)
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e, ZRERFORBESRERERNY & & A BEHIERE o TER~, MESRHLDIZLT,
Oy b —F e N | BETAERF +» 2N - 3504 STHEINTVS, ¥ AEER
BB ERT 4 SRR ORETH S, v L —3AIE T, HEBOK S 231, 50m(W) X
1,550mm{ D ) X1,000mm{ H) THh b, Fh#Fhrvy RALEAFTED Y — U 210BRNET AL EMT
52, MIRF» o —DF0 s 5542750 %, H2iIF v o A-BERER LI, BANR
SRR 7 4 b8~ B OB LW LR T (v s — TRUEEERSICIA SN A, BiE
B EEICEE I NI EEIDOPF A 9099 %L ED 7 U ) a— b7 s~ EEALK
#, MEGSEAINE. CORMT, ARERESGVAVEAINREGINS, RV 2 @7 7
VY a— b7y -EEEE ELERAOY— ) -7 v - T3 hRERRH
Ih3, ForX-WOMSE, {REMICHETI7 227 V2 0BERESTATIDT -7

Supply air

1

Gas sampler

Ditfusion board

— Stainless steel
mesh floor

— Sprinkler

Q00000

Exhaust qir
il

S s S S S = Drain

M2 7+ -—WEH

Fig. 2 Cross section of chamber
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Ly a T 7S T, SEROXNME FTRETHE, 7 » v —NEEEOH@e % — & LTF
ﬁﬁﬁﬁR%LEwm—mﬂ%,%l?*%t?ﬁ—&bfﬁﬁ%ﬁHM?ﬁl@%E%btoﬁ
IBEOREIL 7 o P I DARTITV, =4 —FHRIIEETCETR LIs

BFEH K 2L, 250ppm~4, 000ppm D H X 2R BB IcHKEHL, H L ~_EDLF » L5 —~FICHEAE]
WOEHA LTz, AT R, BHERE DL, 0008 2HBFRA L L TRRUMAIN, Fv-R
#ABERARERNOEBRERHHH 2 BN T3 770 VP IDFARE HFIBLIz. HliE
HerH—¢ LT, KET=4-FD7riNidy et rAFROH—€xL 7 b o B Model—
14D EINO, it R A L, HEBRA T ARER2HILLI, MMEOET L EEREHET 2
BBEHCET UL, & R MIEHIER G LB S, 7 4 - Fov ZEIA R IRFER IS
AbNAd, COBE, DFEREEE =7 - LTHFRINE,

SAHICE AT B F ¢ N -RNEGOY 7w FE, GEBRREET 7 -7 AN
AU B HE L, S L2 TR O EFR iR 2R, '

2. &8F v -DEEREH
EFEBRTOREERS L X BB OV T ORERH2H 1 ITRT., R, &F
X —3hie25C, 55%RH ORE—FH T, NO,EEIZ0.04ppm, 0.4ppm, 4ppmD I WMETH 5, i
4 20E, 0.04ppm BEF v /5 — H3250ppm, 0. 4ppm WIEF ¥ /¥ — 121, 000ppm, 4 ppm FiE
F % ¥ —134,000ppm DRED & D BH#H LI,

# 1 F v o —RESRM

Table 1. Environmental conditions set in chambers

Chamber Tenp(e%ia)ture H(L:J/Ié’llel_lIt)y g%r:c/eﬁ:rztaisoens O(fp::l ply
Control 25 55 .
0.04ppm NO; exposure : 25 55 250
0.4 ppm NO, exposure 25 55 1,000
4 ppm NQO; exposure 25 55 4,000
#w R

EE 0L B 2@ UEEE OSERER I, BEIXE 1 T/24h8R, EEIZ+10%RH/24hLIRT
&1, DEM, O BRIEEORMERBEEIZOVTIRLT, BEICOVTIZIO%RH T Y
yLEBIREORE PHEL, IheFEYHLr ) OHROAKE UTHLUIHEREH 31O
Ltr. BEIZOWTIREREMICH L, ofEEI397% O/, 0.04ppmEF1£85% DHER, 0. 4ppm
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Relative frequency of occurrence (%)

Relative frequency of occurrence (%!}

{c} Gas Chamber Set to 0.4 ppm

5 3
Fig. 3

F v Lot — DR IR

Control of temperature and humidity in chambers
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308 ENTE,

BEE i, FIEH, €= -BARCEERORO b DRV, 02—, B
OB L b IBEHITICA & S22 U A 700, BRIGEYE b 254 T BEHH 5, ]
WRALE=2-A0tr4—20B LIz LIt HYIBROUBR 2 WP CRRET L LN TE,
HANERE OHEFFICEN TH - T2, BVERIHA T, BEOERRT ICEENEC b, HBOFHRY
PLEETAEENH B, COMBFR, T2 -Htv oy - ORSEEEICE A L5 ITEIE
BEORER CLBLL,

LR HF » o - DG RIZ40~80E/h TH Y, BFFICH T 2 VR E OB 1342
em/sTh-12,

NO, BEFIIERIC 20T, HEELARKEF » o —OF 2 BEOHBBH2HEL, 2F
EHHAPOHBIDAE S LTE L HIERPH 4 ORT . FEBE N 5{RZE % peak to peak T
ETEF v o n-HOF A BEIISEHIERICH L, 0.04ppmBEHZ79% DHER 0. 04 £0. 008ppm iZ,
0. 4ppm #1380% DHARY 0.40£0. 0dppm 12, 4 ppmBEIL90% DA 4. 0£0. dppm IZHIE S 1112,

100 100 100
- — 89.85
= & 2 )
@ 79.12 e 79.71 o
3 2 El
E g g
b h=) B
S50 &80 &50F
] g 3
- g’ g‘ g
g E E
L a @
= 387 778 = 737 505 e« 8.26
7 242 083 073 142 255 216 012 098 [k}
071 o2, _}—]_lo,wl ol 1078 000
~24 32 40 48 56~ ~0.24 0.28 0.32 0.36 040 044 048 052 056~ ~32 36 40 44 48 52~
NQ2 Concentration (ppb) NOz2 Concentration (ppm]) NOz Concentration {ppm}
{a)l Set to Q.04 ppm. (b} Set 1o 0.4 ppm. {c] Set to 4 ppm.

4  NO, BREHI R

Fig. 4 Control of NO, concentration in gas exposure chambers

# 2 BRI R S EE & b T RIS T OREEE, SR ORER RO L 5 5
ML B HOBEN, HARRED T « — Fyy 2FHlECH T 208012, BSRROEEE L HA
NG HDONO, LS S DTH B, KiC, 0.04ppm BEDHA LRI MR T 2 C LT, A
BYHIER OEEICBBEOSBRONET b - 12, ST OMBOBIE, FEHRICL ), REHC
W AR ORER2HEL, —EHERT C & THLLEY, REEROEHICE 5B
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FRBHT ANEBS S,

PR A AR 7 4 v 5 — OYEREIRBER 2 2 FEDE L D 1 m DB ICES I AN, B %+ = 4 —
L1ze BUIGERSSEIL, HE0, 02ppm LLR Td - 12,

RiT, #2BEHADEFEI O TR~ S, EBFEEEHIE 4 - L CTEHALTVANO S
2t OWIEiCE W {#3E 3 h 2, #IEIX50ppm, 500ppm, 2,000ppm ONOAHEEL 2 % ¥ o Air TH
WU, OWEHCEA LR, BIERNO, /N, EHEN 2 i & ORI Air IBSLF T EMLHERL,
BSR4 4 — P57y oo —BOSGGU—14RI B[ LI,

F oo YN~ H M OB, Bl oY - & LT OMTETORER LA A 2 RO E 28
BEA002F 2 92027 2 2FALTVA, 2DV AT L RFHHIE L HIEE LT L TNAL
D H RBEOT EREBSMREICIET S, FERHEORIGERIENTH -T2, ¥ 2HALED,
Lt ORESRE AN 3OB BRI S IR L, RISIHSRELIIE 30 2E LB

A T PV R NS
T

T

o o o o O

NO2 concentration in
the chamber {ppm)

[

o]
o
T

i {

2 3 4 ] )
Time (h)
0. 4ppmIEF » > /N — DONO, I & $EH 2 RE D 1 4]

A D NO, ZHTE S8 L 1Bl
B EHEBESIEEL, COBRLENO, 2v= 2 7AVBET—EREHS L 12,

gas {(/h)
(g3
S
T

(=]

(]

Flow rate of manipulated
£ [22]
o o
T T

P

Fig. 5 An example of relation between NO; concentration in the chamber
set to 0.4 ppm and flow rate of manipulaied gas
A The time when NO; analyzer troubled.
B : The time when alarm device worked, and then the NO. gas was supplied
at constant rate with manual operation,
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% 2 HhE A 2 OfERR
Table 2. Specifications of supply gases

Species of gases NO,/N, 250 ppm, NO,/N, 1,000 ppm,
NOz/N; 4,000 ppm

Purity of NO, as raw materials 99.9% (min.)

Purity of N; as raw materials 99.999% (min.)

Deviation from request concentration +1.5% {(max.)

Accuracy of concentration +1.5% (max.)

m#aiw«mﬁM%ﬁ%bt%%%ﬁ%oﬁﬂ@iﬁuﬁ@%umﬁmm@bTmtmgvmﬁ
Lo S Tat e & 2 BERHE OBE 28R LT oo /¥ 2 BH R 2 iEinL, @< TH A
BO FREHSFEBRLI. OETH, F22FEFTERRBOREICEE L, HB2HETLIY
H— THHOBE 2T 1,

LOLARERT 7 7 AT 31TH, BV ABESEH THIBARDOANUTES L
LTHhB, COESLS, BT 2AOBEERVTORBEE 2 ITRT I S ITRD T, HtigHh 2D
Dy FBEEEIZARMED® 1.5 %LRTH 0, AR L L O ICEREE SIS A 2 BEFIER DAL
EHRF LTS TACENTE, COKE, g 2AMBesT =2 -TAZ LRI OF v i

501
— —
240
Es . 30+ / Mean value = 5.7 ppb
g |
] 1
: o |
= i
|
& Iof }
j .
b
o : Ir l ]—_E]: Em—l_l -==r_l—1_4 Ll
~2 5 10 15 20 25

NG, Concentration (ppb}

F 6 avho—iAFe s N—RNONO,BE

Fig. 6 Contamination of NO; in control chamber
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T4 BN EEPEE RS CR—EREOY 2 M T A EIRE D, FriN—HH M
i, RIIREE IR T LN TER,

0.04ppm FEF + ¥V -DFE, ¥VAORTFREVBEBRE TH B2, NEONO, BEOEH
EANGIIE D 4 M4 - OREHOBFESEEIC L, K612, ERENOPRETHES » /- l{O
NOBERr i iyt AHANOMNHTE =4 — LR AT T H&EUINO, BED 1 1%
WRORAE2Z L, HaiHRIAB 2R T NO, BE DR AN IZ22ppb T b 20ppbLl OB
OHBE AR IX3.1%, FIEE 5. Tppb Th -1, WIEEEF » ¥ — THH 3 NIINO, idfh F
PN ARRICIUAE N TV A LA G 5, SRR ON B ONO, BT R HEET 2120
0.04ppmBEF » N — DG T A FBRIEE 2B Uiz, ZOE0. 04ppm FHEF v LN - ITILHE
Bt U A DA SN TH b, MEBHINO, 2 A TTEA MY A S NI HE RGN L OTH S
LR aha,

x 8«

23 A OIERM, KREBRTVARBF v N RHERLTHES 3V AT L0, BREEOS
Iz L 2B ORBAVBRBETEIHEI L ->TVAL L, BEFEOBRSTEZ L EBLY
TR E 25 ARERHZIIT 2 317 ERICEA S UM TR 2V, BERS L 7 28R
HEEREVEMEBEROEHEEIL Y 0L 5 LI 2 »IOVTREEORHOFEETH 5. &
i20. O4ppm B ONO, BE OHFIEHER L WRE 7 » L /¥ — DEFKHICEAT 2 NO, B OGS
BHEFAVLETS 5. NAAONO L, EH OB EEYE E, 6 Hh T 55BkRE B 40D
INA, FLEEROSEFHEY A, WIAR O T O R oA RIChE T 3 §
DT, HERTS CHENEBEORETHE L 1V IUAEh, BL7 1 vy —OENEHRA 215
GYHEELLA1I5 5. FRPMANKHONO I, NO, BEHIICILEEMICANEL & UTIEH T 3
z e,

W&
AHG e ewapich, E/AERRIRHIEE R L h EREMBS eH I LK
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DOREIZEHMTH o1z, T2, NO, ¥ 2D 3 BERRH L NEHOBTHEL T
ATH, (1HEZPTOFRCEH, QEEDHEBILOLTIE, NOFAOEEMSEHAL
Boleldbh 3L RERRBDLNLEIL T,

1. RSAEHEA KNS T 305 FORRSUREGS HEET ) 116% 2
The National Institute for Environmental Studies, Engineering Division, Yatabe-
machi, Tsukuba, Tbaraki 305, Japan

2. FHEFEBHESEEE. 7 -
Tsukuba Primate Center for Medical Science, Yatabe-machi, Tsukuba, ITbaraki

305, Japan.

—159—



Abstract

Recently experimental and practical researches concerning with the effect of
air poilution were performed by many researchers, However, the effects of the
long term exposure in low concentration of air pollutant gases have not been
investigated.

In this study, in order to clarify the biological effects of chronic exposure to
NO,, the experimental animals (rats) were maintained for 9,18 and 27 months in
the chambers, in which not only NO, gas concentration (0.04, 0.4 and 4 ppm) but
also 6ther environmental factors such as temperature, relative humidity and air
ventilation were strictly controlled. During this experimental period, the changes
of body weight, mortality rate and health condition were checked regularly.

No infectious disease was found in rats through the experiment and there
were no significant differences in the mortality rate and body weight changes

between the experimental and control groups.

LIS
AREFRMBHIERRRITTHE IOV TOPFRRE L 23TV A, REDOEFREARA
KT AREOHBREL ~VvORET CERIAMICh I » TRE shr Rk b zv,

A, REEEEO L L NO A AR—ORMEEY 7 » FCRITTHE2TEMICRET
ENTEHBINIZEDOTH S,

i, UToBToEBRIC s N BDOXLBRAENEHORESRE (BE - B - ¥ 2ARE)
oFne s, 1)V EREAEHN R OETRE & R CHE L ) FEOHEBORRIC>VTRELT
EhELpinbDTHAB, '

B & (R18R)

AREBICHE LTI » ME, BTEAZ L7 EEQICLY : Wistar ROl - BT 5, HHHE
2, ¥ RBE S L CEHYOBABEORNICE - T, (DA, (2)BEs X K3)CERICKILT,
BRECIOFARBCL 2 ERATHEE, (VAB . 9 18- 27»HM, (2)BE : 18»HME, (B)C
B.OvARTH-T1
|y REROERL. ChETOFTRATE S WAHREEBORE (B#) 51 i
L ABEEE D O BANICHIE L T, (UNO. 2 2FMUL 2 0HEREE, (2INO. & 2 20, 04ppm#RiN
LB (0.04ppmEE), (3INO # R %20.4ppm#RINL 728F (0. 4ppmEBF) B L T4INO, H 2 B4 ppmif
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g 1 #MEBL AR
Table 1. Materials and Methods
» Experimental Animals ; JCL : Wistar Male and Female Rats

* Experimental Periods of NC. Exposure ;

Exp. Sex Pariod of Date of Arrival date Carried
group NO;exposure rat’s birth in NIES| in chamder
Male 1977, 7. 6. |1977. . . '
A & ( 1977. 6. 20. |1977. 7. 1.
Female | 1979. 10. 20. 12—11.
1978. 5. 1L g7 3.
B Male [ 1978. 4. 11. |1978. 5. 11
1978, 10. 20, I—14.
C Male 5 1978, 12. 19. | 1979, 1. 23
1979, 10. 20. 23—25.

Time Schedule of NO. exposure

1977. 7. 1978. 4. 1979. 1. ' 1979. 10
(A9 mos, (1st)—l('--------------—----(B) 18 s, { 20d) e eoenreee e
{A)  18mos, (ISt)_—“{""“(C) 9 mos, {2nd)--------mmer
{A) 27 mos.

Experimental Condition of Environmental Factors

Chamber No. NO;concentration Temperature * Rel. Humidity*
1 (ASC) Air only {control) ‘

2 (ASG-1) NO: 0.04 ppm o

4 (ASG-3) } NO, 4 ppm

% Same condition of A, B and C groups

MUI2EE (4ppmBE) D4 BN E LT

B, REF O - BERMIZ, 2511, 52 10%OBAT, SEHRE L L E—FH
Limakiicllz,

FEBRICHER U T AREF » 51, EVATHAFYRBHER 4 CHBINTHEA
SEO4BTHY, TOUE - LSO TREE "B 0RO Lish TH A £72, T 9 D
AT — 227 v U AR R (365WX280D X 220Hum) T, 1 7 ~ oMz b 5 TLNE R HEE &
L7z EREBHMA, ERMHAN (X2 L 7MCE— 268 2Rase, BEERKZAH
REATHEELL,

ARG TR, LT v FOFERE, FHEEEATOEELL FEREISVTERT 5. 48,
#ARE - RIBESREREDHE - REUC>WTRIBRIC SO TERET 5,
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BEHLUER

. ERATFHMPOEETRR ERFPEER

A+B- CEBRBOWTERFABLIZI » rOE %, &F ¢+ A-FlZE2ILTLI,

CHICIhIE SRR 2@ L THEMALIZT » b ORENE, ABFTINEEE . §19- 223, 0.04
ppmBF . $22- 223, 0.4ppmBF . 022+ 921, 4ppm B 523 223&/xh, BECII N EE !
3 11, 0.04ppm #F : 311, 0.4ppm¥BF: 312, 4ppmB: D112/ h, CEECIIMEAE ! $22,0. 04
ppmBE. 322, 0.4ppmBE: 522, 4ppmBE: $22& /b, BE 3219« 290DV TH -7,

HHADF v N —~DREGHEIL, ABTHF » o/ - 15%72h 530 $300 4 5T 240 T,
BEITIEF v /N — 1 %72 h $1200 4 B CEH8PT, CEITHF v o 5— 18472 h 32204 BT
HESLTH b, S 5256 - 21200376 ILTH DT, ZOMMDE7ILIIHERFE AR 0k TIE
TULRFEEEA,

& 2 ERBEHORTIMYOHKR

Table 2. Changes of the number of rats maintained in the chamber

{ASC, ASG—1~3)

Experi
mental Exp A Exp B Exp C

Date ASC  ASG-1 ASG-2Z ASG-3 ASCASG-1 ASG-2 ASG-3 ASCASG-1 ASG-2 ASG-3
yearmth § 9 § §$ 3 ¢ 4 % & 8 8 & & & 8§ %

77 8 3¢ 30 30 30 30 30 30 30

9 30 30 30 30 30 30 30 30
10 30 30 20 30 30 30 29 30
11 30 30 30 30 30 28 2% 30
12 30 30 30 30 30 29 29 30

78 1 30 30 30 30 30 29 29 29
2 30 30 30 30 30 29 29 2%
3 30 30 30 30 30 29 29 29
4 22 15 22 15 22 14 21 14
5 22 14 22 15 22 14 21 14 12 12 12 12
6 22 13 22 15 22 14 21 14 12 12 12 12
7 22 13 21 15 22 14 2 14 12 12 12 12
822 13 21 15 21 13 21 14 12 12 12 12
9 22 13 21 14 21 13 21 14 11 12 12 12
10 22 13 21 14 21 12 21 14 -11 12 12 12
11 20 12 21 13 18 12 19 14 11 12 12 12
12 18 11 20 12 18 10 18 13 11 12 12 12

779 1 8 8 & & 6 6 7 & 11 12 12 12 =92z 22 22 22
2 7 & 9 7 6 6 7 7 11 12 12 12 22 22 22 22
3 7 7 ¢ 7 6 6 7 7 11 12 12 12 22 22 22 22
4 6 6 8 7 & 6 7 6 11 12 12 12 22 22 22 22
5 5 5 8 5 6 3 -5 4 11 12 12 12 22 22 22 22
6 5 5 6 5 6 3 5 4 11 12 12 12 22 22 22 22
7.5 5 5 4 3 3 5 4 11 12 12 12 22 22 28 22
8 4 4 4 4 3 2 4 3 11 2 12 11 22 22 22 22
$ 1 1 3 3 3 2 4 3 11 11 12 11 22 22 22 22
1 1 1 3 3 3 2 4 3 11 11 12 11 22 @22 22 22
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AT, COEOERTIE, BPRFETCORBCIEN  RE L EELERE2HSLDLEELS
Ni, 22T, HEHEOR L Ed - ABIL ST, ERHEALE: 2 0EEHI#2E 3 1ORL,
BRFECHONEFRAE 4 1L E EHTRLL, '

?abz,Aﬁ?@%tﬁwﬁu.ﬁﬁﬁ:w(@n-%7h&mmmﬁ:m(gs-$7L04
ppmBE17(0 82 9), dppmpt 114 (572 7) D64PL ($34+ £30) Th b, REEHOWE
FROKE, HHick 209 (BRus) 33, BRFELES L 25T 121, 2otolE (TH,
B, BETES) 106 Ch -1,

%1z, BEETE 3 EESRFTRES (HFI) LI, CETORUHREA60T, &R,
FELL1267THIOD 5 LEEUERR X A L EbAIERIZEETH - 12,

ik, TheR2, 3, 4IURLIERR, DBLTOhLSERBREOER 20T
Bo T, ARICBU AHBERN L BRFECEOMEE 2501, 1 ~1. 4 IWRLT,
* 39, 18, 27 RS TOHEIME - BEiEa
Table 3. Number and individual discriminstion of the rat used in
Experiment A
NO. Cage Control {Air) NO: concentration
exposure No ‘ 0.04ppm 0.4 ppm 4 ppm
period » [ b 2 ) $ £y ¥
No. 1[123 ¥[123450123 [12345 (123 |12345 |123 2345
2| 2 12345 2 12345 2 12345 2 12345
g 3 3 2 5 3 12 3 12 3 1 3
(mth) 4 4 3 1 3 4 3 4 34
5 3 4 5 4 5 4 5 4
611 5 4 51 5101 1 4
Total 8 15 8 15 8 15 8 15
No. 1 45 45 45 45
2 4 1 3 2 45
3 5 34 34 5
18 4 1 4 5 3 5
5 (1234 2 123 1 3 51 34 23 1234
6 234 123 5 234 234 3 5
Tatal 10 3 11 5 11 4 11 5
Neo. 1 5
2|1 I
3 14 . 5|12 14
27 4 2 4 3 1 5 1
5
6 1 34 4 2
Total 1 5 3 3 3 2 4 3
All total 19 23 22 23 - 22 21 23 23
a); 128 . Discrimination of the rat from No.1 to No.6
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# 4 REBRBTOZRPFECHOHE
Table 4. Total of dead .rats in each experimental group throug

experimental periods

h the all

Exp 5 NQO;Exposure time {months ) Total
Grouj | 0~3]3~6]6~09]y—12[12~15]15—18]18~21]21~24[24~27|(0- 2 - @) .
s elelele][ele] O 11
o aa
Air ® (7+3-1)
{Cont) e [e]0] 0O 7
Fay
200 (3-1-3) @
o O O CO 8
a
no. | ° ° > lse2e1
0.04 O ) O 7
ppm 2 AAL A (3-4-0) .
@] oCO O 2 8
NO. |® o (601-1)
p|;1m Q O [e]e] 9
# I s |° (4+4-1)
&} SO o 7
{:10,, ) ® ° (3-2-2)
ppm |2 © O 7
a A A A V.
I~ (2¢4:1)
64
Total 1 2 0 3 4 18 11 15 10 (33-21-10)
¥ . O; Sacrificed for weakness, 4; Death of spon-taneous tumor, ®; Death of
other reasons
|Rats)
0 } —_—
/—Supply for Exp [ —
20+
e Supply for Exp
e
101
| RN SR BT F S T S T S B | »
T 18 ‘79 :
Experimental Dote 8 9@ 10 1112 1 2 3 4 56 7 8 9101121 234567839
Age (Months) 304 5 6 7 8 9 DM I2 3141516 171819 2020 22232425 2% 2128
K 1.1 NEBOBMEETROHER
Fig. 1.1 Changes the number of rat (Exp. A) maintained in the ASC

chamber (control)
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(Rats)

30F

201

- [
T

/—Supply “for Exp

Supply for Exp

L

L 1 11 ! 1 L 1

77 — 78 79 .
Experimental Date 8 9 10 |1 12 ! 2 3 4 5 6 7 8 9 1011 12 1 2 3 456 7 8 9

Age [Months) 3456 7 89

01112 13 14 1516 I7 18 1% 20 21 22 23 24 25 26 27 28

1.2 0. 04ppmBEIORIMBETR O

Fig.1. 2 Changes of the number of rat {(Exp. A) maintained in the ASG
-1 chamder (NO

{Rats)

zconcentration | ¢. 04ppm)

201

i

/Supply for Exp

U

/Supply for Exp

Supply for
Exp

S S GO VAR WA TR R W SR (N ST SV SN SO | 1

L
7
Experimental Date 8§ 910
Age (Months) 3 45

=]

9

8
I (2 3 456 7 8101121 2343567 89

&

78 9

1011 12 13 14 1506 I7 18 19 20 21 22 23 24 25 26 27 28

1.3 0. 4ppmBOEHEER DME

Fig. 1. 3 Changes ofthe number of rat {(Exp. A) maintained in the ASG
-2 chamber {NQ.concentration - 0.4ppm)
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{Rats}

30+ 1o
 p—
/Suppry for Exp [ J—
201 !
1
i
H Supply for Exp
|
10
Supply for
N Exp
R
L s i [ | L L : 1 L I L L I | L ) . L L |
i 78 75

Experimental Dote 8 9 10 (112 § 2 3 4 6§ € 7 8 ¢ 1012 | 2 3 456 7 8 9
Age {Months) 3 45 6 7T 8 9 10 111213 415 16 17 1819 20 21 22 23 24 25 26 27 28

1.4 4ppm§¥@§ﬁ%ﬁﬁﬁﬁ®ﬁg

Fig.1. 4 Changes of the number of rat (Exp. A) maintained in the ASG
-3 chamber (NO;concentration: 4 ppm)

2. BEOHE

HEORER, Rl LT1HIic1 BAOFETEEL .

ABORT v —Flizazs » FOKER, F2.1 (%), B2 2 () WWRLEz. $12, BRE
(3Da) OFF » o "—FlO7 » +OHFEERXIICRL, CE (L0A) OKEFr o —FlDF
POEERB4 IR,

CoMORMICh ARBIEVTIE, RESZH T, FENEEOBEMIEEC L CEEIN
BLEIMEUNTHBLEAGNSLY, FEREEEF » LN —8licE & ¥, FEOVHE L ERR
EZ25L, 2EMNSERL U TERY 2ABEORE L - THEEOHBICERBED oL 05
PEE LI,

ZORR, BF v - P EBEETIIIIERL L S LR ERL, NO. v 2RBokEic L
AEHLNE LI RERIL, 2HRELBLTED sNLD ST,

LEO#HRD» S, AEBTERELINO P ABEDO0.04+0.4 BLF4ppm OBETFTOI » b
OFIERR & A5 (Fa) B URPHHTORECHBEZICEL T, NO B2HEML 2 VHiEE
OENG EHELT, MoDEREH oL T2 LEEINE, '
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T00 -
g1 Tt~
6001 -l O 1 i i 1 “ ” !!! i !ﬂ . ||[|
- - B g g | T Y
e | [] '8
AL N
5001 ‘. : ARl
LA
AT
400
300
200
— AS¢C
----- £56-1
————— 455 -2
100 —n—em ASG-3
| | L l| L 1 L 1 i ' i ! L | I L ! s | 1 I :
i 0] 9
Experimenlal Date 8 910 11 12 } 2 3 4 5 6 7 B 91011 12 1 2 3 4 5 6 7 8 9
Age (Monihs} 304 5 6 7 B 9 M0 1l 12 13 14 15 16 IT I8 19 20 21 2 23 24 25 26 27 28
2.1 ABWistar H5 o F OEBHEEOHR
Fig. 2. 1  Changes of the body weight of male Wistar rat{Exp. A) maintained
in the chamber {ASC, ASG -1~ 3) for 27 months (Mean body
weight£ $D)
g
it
6001~
J“
500 ', . ﬂ _ v,
ol T~ 4
- T = il gl
400 gan il o g T Il -4 ’
L i
ol LR
f
200 — A5C
------ 456 -
————— ASG -2
100~ —-—= A86-3
vl 1 1 il il | 1 1 1 il 1, L 1 1 1 1 1 ‘ L 1 il
77 ‘78 ‘79
Experimentsl Dote 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 0 12 I 2 3 4 5 6 7 68 9
Age {Manihs) 304 5 6 7T 8 % 0 0 12 03 M4 15 K& 17 1819 20 20 2 23 24 25 26 27 28

B 22
Fig. 2. 2

ABEWistar B35 » F DEBHEBEOHER

Changes of the body weight of female Wistar rat (Exp. A)
maintained in the chamber {ASC, ASG -1~ 3) for 27months
(Mean body weight +SD)
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500
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3001

200

——— A5G-}

{ I T S | R S T S T R S SR SR S T TR S S St

Experimantal Dale
Age {Months}

77 78
g 9 10 0 12 [ 2 3 4 5 & 7 8 3% O 10wzl 2 3 45 & 7B 9
23 4 5 6 7T B 9 0 L 12 BB KIS K T I8

B 3 BHEWistar 75 » F OFEEEOHR
Fig. 3 Changes of the body weight of male Wistar rat (Exp. B) main-
tained in the chamber (ASC « ASG-1 ~ 3) for 18 months (Mean
weight £ SD)
9
700
600_
5001
00|
— ase
------- A36-1
wE = A56-2
——m A%G-3
200}
100l
| L 1 L 1 ! | : ! r I Pl M S | 1 1 ! 1 ¢ : :
4 " ?83:0;\!2?23455783
i;l:el;r:':l:mlﬂmle g 9 0 12 1 2 3 4 5 & A A
K 4 CBWistar 85 o F OVEHEEOHRE
Fig. 4 Changes of the body weight of male Wistar rat {(Exp. C) maint-

ained in the chamber (ASC -ASG-1-—3) for 9 months (Mean
body weight + SD)
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Research Report from the National Institute for Environmental Studies No.15, 1980
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Effects of Long-TermNitrogen Dioxide Exposure on Rats

— Morphological Observations——
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Shinji TAKENAKA,' Fujio SHIMIZU, Yasuko YAMADA,
Hirohito HORIUCHI? Toru IMAIL? Takahiko HARADA}
Hiroko KYONO* and Kiyoyuki KAWAI*

2 B

“ELEED0.04, 0.4, 4. 0ppmEBE 2 AVCEITERER 217> 1 EEBRRY&
BOD7 v bitounT, 9, 18, 27 F O A TREIZBENEE 217 - 1. BFIL
FURT LTV, K, M unTiT- e - BEMN S L BRI
AL > TRGNTED S b, K L CEEPETRIOERE 2P0 L UIcFiHE
s TH 2,

BREOTEFNERE TR, 4ppmBETI, FEIEIH S MR TOERN

1. ENAVERSERT BN T305 Rl ERERS HFET B 1165 2
The National Institute for Environmental Studies, Basic Medical Sciences
Division, Yatabe-machi, Tsukuba, Ibarai(i 305, Japan
2. HEEBERENICE
Jikei University, School of Medicine
3. BEBESREAE
Japan Veterinary and Zootechnical College
4. BERERPEE YIS

National Institute of Industrial Health

—171l—



LD TARESILARBOTHEL TEY, BLAITHCETE2RT,
0.4ppmE}iz18%H TII B OBHEM L 2D 2 02tk U TIREEN Tid /v,
27H A IR § BEOE(LPHET 5, 0. 04ppm B TI3270H 3 TEE %
[TARYAS- TR

BRI X 2 RO RNTEEEOMIX, 4ppmBETIE 9 0B THE DM
%R, 180A CRABORENEZRYT, 270 A TE2OEMEMIET 55, OB
i R LS & IEEREOMIE L Sl 2 5 DL EA 603, 0.4pm
BT 18 A THRECHMERL, 2THA THELZ2, 0.04ppmBI T L HBET
&30, EEi1d»ALEENERSR NS,

U EOBES TIAS b & 755 IERICEIT 3R b, HBHIEIRE O BtEHR~
DEFREIC L 3 MOTLNFEORIE L EFoR 2, FERT S CREHT
DR EAS PICUFTL TV B, 0.4 ppm LT OIEERE T270 H REFWIC 1S
N A% LY, B RBEBoREBItict 5§ 0b, SOt sRIGHED HE &
BEL THRUZEDOLRSEOMETH 5, s tAEBic W THICEE -
it 3 LT, L CIGENRROBELE2EOD SREVH D EELLN S,

Abstract

Rats exposed to nitrogen dioxide at the concentrations of 0.04, 0.4 and 4.0 ppm
respectively as long as 27 months were submitted to morphological observations
under light microscope,scanning electron microscope and transmission electron
microscope including quantitative morphometric measurements on the lung.Pre-
sent paper is a preliminary report on the morphological alterations in the lung of
those.rats, especially respecting dose, duration and effect relationship.

After continuous exposure to nitrogen dioxide at the concentration of 4 ppm
for 9 months, bronchial epithelium showed typical pictures of proliferation, which
further progressed at 18 months. At this stage, proliferation of the type 1l alveolar
epithelium and edematous extension gf the interstitial tissue were evident, which
turned into fibrosis at 27 months.

At the 0.4 ppm level, morphological chagnes in the 18 months specimens were
still ambiguous, althuogh tendency toward epithelial changes as well as interstitial
edema of the alveolar wall were noticed under the electron microscope. Slight but
definite alteration became evident after 27 months. At the 0.04 ppm level, there

were no remarkable change throughout the whole exposure period.
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Electron microscopic morphometry has revealed concentration and duration
dependent increase in arithmetic mean thickness(AMT) of the alveolar wall in
term after Weibel. At the 4 ppm level, increase AMT started as early as 9 months
and became significant at 18 months, which showed slight decrease at subsequent
27 months, This decrease was interpreted as due to recovery of the alveolar lining
epithelium and decreased amount of the septal edema, which in turn converted into
fibrosis. At the 0.4 ppm level, slight increase of AMT started at 18 months and
further extended significantly in 27 months, Similar but slighter tendency was also
evident even at the level of 0.04 ppm.

From the above findings, it was clearly shown that morphological alterations
under continuous long-lasting exposure to nitrogen dioxide were parallel to the
concentration and duration of exposure. The results, especially the findings after
27 months under low concentration levels should be confirmed by further exami-
natinos, in relations to the points whether those alterations were due to pro-
longation of exposure and/or due to elevated sensitivity of the lung in advanced

ageing process.

BLoiz

Hxid, NO.RPRBERICB O TUREFEENERRH AL 2, ERHOBIE, SR,
NO % 0. 04ppm, 0.4ppm, 4. OppmEHBRE X O 48, RFHMiz9, 18, 27»ATH-
to. EEREH, HHRYE, SMo—RE, z0MOFEI VT, 2hzhoBL2BREan
T2l

NO, DB IR 2 RPN T TIONE (, HREEMRFR L L mnd? mTs,
1960 EROYEEH 55 B E THEIT 5N TV 5 Freeman ¥ V- PR L2 —HO%EH Y XL < oM
REE125 L1, 2R 6 0@ERIGIN 2LORIBEREER : 2 ORBEENRFEERE L 3%
HnTW3, '

INLOERDPLBEE L -2 NORPREIC L 2 IFREFOFEBENREL LT, MEEEL
IAMSE O LR OBMME(L, B2 FHEEREY 6 HIGE~2 1 T o R I8 & filaezhe
B, KEPERshTED, METREL LT, EREESHHcENE 53 I Bl EFE O
2, TRERomE: 1R EROER, MXEORT /2 ENRVIIIN TS,

e, T BHInA—0EFERAOTT, HENEREERIC BT, RRRELEE
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OFEHREE %217 12,

HHEEEFE L 1 EMORRER 5 3 ORERN 2 IR, BREHE - £EEHS L UOEA
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AT hELY Lo F DL, R, 0 - (PHFLEE), TI3AFH 9 ¥ L BYRELH
VWi, EEEAZMIIBERENAN L ARORIGLEE, B4 v 7 LV THER, BR SRR
(OSEERGEBER), 414282 V05 (AFBFA 4280 ) w5 %E) 217> THEE®
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BEBERT-> TR, #40 MELEABERITER A » ME2930OEER - L& HINTH|
ELi,

g = _

| EORFARFAVERR

1.1 4ppm BEBRE

4 ppm 9 > HRBEITIIASKE S D 6 pERFERICH T T RO S8 X BN~ O3RN
& eh, RIFIICEEOEX, B TodEr@s s, B0 LFEMWEN*ZED5:58d5,
L&wﬁmuﬁ%kﬂﬁﬁimEiﬁiXMMwuf%b<,%ﬁﬁaﬁ%ﬁ&m%ktﬁ%ﬁﬁ
VUK, JERELROEX L BREEL, ITHB2BIcCh - TE» 60 5 (¥32), /XL
bR, BRI —RICHl/NREICEA, IREBLR TR L LD UBENERYSETH 5,
FHEEEE § Fric X Y BREOERZRL, [AEIKFRCHEOSETO 7 7 5 Mo &E R %
- T3 (K16, K30, K31, K33). MEE2 OZEAFEITICER S T, EEmITE,
BICD<B & 5 I IEHBEERIE RO\ { SpICEBID R S M 5,

180 H RER TR, IPBARROLIEIhEGE LFREIFICERYTL, BEER T, B
DEK & REERAE 20 5 BERAME 2 B 2 BHESTAL T 5 (K34), BHMlmzteLA
WO UTEIR % 54 5, FEALTOREX CRIE LORIMEI B, FiCL » TR
LIgRORHE 2R (220, 35, 36, 37), SELMEALS 5 FIEIC - TELRERICES
L, MR BEOBFGHEIE - TEh, @Ry 5 5 B0 EaE 8w 2 (35). it
T B L 7o RiBEEE b R OERNE 2R L (428), FMC X > TR LR OB 2 5 . — TR
TR CEMIa S B OB RIFIR 2 S A A VS T &Y, MEER L (RN
T3, BEMGIEEEEORES> L, MHEMROZEtsAasn s, MlAEETIZ IR
FRG—CABTEHDI A 54245, 747V — 20OMIRBECER 0SB, T
R EROMEER—BCARUNSEH 2R, PRICEDR, MREEESEMEERIET 55
(38, 39). |
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bid, MISEBERROMIBE & LB 18»RickL i v#E LY (K24, 29, 40, 41, 43,
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F 1 NOEBHREBI 17 5 FilViEaE
Table 1. arithmetic mean alveolar wall thickness

under long-lasting exposure to NO:

NOzcone oM 18M 27TM

control 1.41£0.15 (100) 1.29+0.13 (100) 1.3340.16 (100)

0. 04 ppm 1.434+0.14 {100.9) | 1.33%0.15 (103.6) | 1.55+0.18 (116.5)

0.4 ppm 1.3940.14 (98.2) | 1.44%0.16 (111.9) | 1.8240.19 (136.7)

4.0 ppm 1.5010.18 (i05.8) 1.71+£0.16 (133.1) 1.5710.2[}§(118.0)

values for mean slveolar wall thickness were capressed as umzstandard error

*** statistically significant to the corresponding control values {P<0.001)
{ ) numbers ir the parenthesis show per cents to the corresponding control values

§ decrease in AMT as compared to that of 18M was interpreted as due to recovery

of the alveolar lining epithelium and decreased interstitial edema converting into

fibrosis.
M
*fe
20
' 4 9M ) =x P<0,001
018M -
14010 27M
15 130
120
110
10 & 9M
o i8M 100
‘l_ a 27/M {
'/ 1 s
C 004 04 40 . C Qo4 as . 40
NOz Concentration ppm NQz Concentration . ppm
B 1a HikEENfifasE B 1b FEMifEEoR(
Fig.la Arithmetic mean thickness Fig.1b Relative changes in alveolar
of alveolar wall thickness
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Fig.2 Frequency distribution of mean alveolar wall thickness NO: 9M Exposure
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Fig.3 Frequency distribution of mean alveolar wall thickness NO. 18M Exposure
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—H{ 13B+016x | 7 155+ 0,18 182+ 019 u 15720.204
25 P<0.001
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Fig4 Frequency distribution of mean alveolar wall thickness NO: 27M Exposure
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Fig.5a Total Tissue Volume® Fig.5b Relative Changes in

Total Tissue Volume**

¥ expressed as total numbers actually observed on the alveclar wall excluded
capillary lumen & 9M QO 18M O 27M
%% expressed as percents to the coresponding control value$

o a4 M O 18M O 2™
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BT H 20, ARORTIMEERERT 2 EEOBE & L e X 238 ¢4 — 13, %icK
1b IRL 1z WeibelFRIC & 2 RIS EERIEBEE ORI Y 2 — & L {—HT 5,

625, HMisEEmimians (180, ML, MEMiE, mERg) sneiic
VT, EFE(A), EREESRB), BIrzOoM T 2 -4 —»oHHIhAHE 1EL
h OFERE(C) 2Rd., ThooRERVThE, BERBIGELRICHERAIKL-T, Z0hEh
DI OMEEI W AT L TR S ATV A,

18 LR oBFER B 2E0 TELVERNA /0L, MIBENL 9 5 A CIRIRRICET
Uiz oh, chbbE8 sA 2 MEERCBmeERY, —F200 8 Tl e E L L
EHBA->TE, [REFOBARE B »A TIRHRICHEL TeeECEETELL
ZHTHE AV, 18»BTH, RERORENRED LFLAITLEMHBE L, ZOEMORE
i, O.4ppm7KEETIE & LT IENIH OMIAEROEM, 4ppmKETIIAR S & MBS
FOEMCEAEEZZLNA, 2THA TR, BREREDCRLEBEARADD I ERD, D
BAREKAET § B DM/ & IRAREINSA S h BT 8, [TEEKE (8T oMy
K, KionT L3, 9»ATREBELWTUIEN, 180H TRMERL H 2LHIET,
27T H TIRNEEE L b o REET, REAKSECERY CZTF—EOEL2TRL TV,

BMEMREOBEROLEIHMEA L, 180 A LBREERAEOEMETRT L 3ica 30, ViREsE
e LTI BERHEETV, L UAEOMIENS, JemiaRstd (2HE) cLTEABL,
R11ZAE & 512, 0.04ppm %2 2% TREHM & RE/KEILIIZHEE L IBMERSERIN S,
EMEOHR TR ¢ FERIEFR I OSH A HEBL L TAD E, RINLRLITE{THE, 0.04
ppm/AKETIE, REHAOER &, MIERSEEORED, FaEREIESOEN, OETES
ZrHCAHAA, Odppm, dppm/KETIR, 180 H E CHEHIMRSEML T 5, 2THH T
0.4 ppm/KHE TI2IBMRPAEE A 5 OEINARE TV A DI L, dppm TIXHLABDPL T3, Th
5 ORI, AEEEOHTO EREHIC L 2HBOHR AL YBL TR AL L, NOREF
TRIEEBOEBEEEL0 - b EE#ITL, o2 OBREIINO, BIEKYE  REHIICIIZITT
LT s ERIRHESEL 5, 7277 4 ppm 2T B ORB TIRBME AL L AHGR L, BERIEDE
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Type I Epithelium

Explanation of colums for Fig. 6 to Fig.11.
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Fig.7 Type I Epithelium

O 9M exposure 18M exposure [ 27M  exposure

* Volume per cell was calculated as A divided by B.
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004 04  LQPPM 004 04  40PPM
B. number of cells B.
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200 Z 7
7
1001----- / F—- /A~
004 0.4  4.0PPM 0.04 0.4 4.0PPM
/o
160! C. volume per cell C.

140} m 1
1001 Z ?
1 AL

0.04 0.4  4.0PPM 0.04 04 4.0PPM
K 8 RIEMmE X 9 TRmERH

ASEH BEER CEOBIEEHR

Fig.9 Capillary Endothelium

A4®EH BiEfal CHEDHLERAR

Fig.8 Interstitial Cell
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number of cells
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B 1o II&y/ 13 Mmeagit 11 FELERE

Fig:10 Ratio of Type I/ Type I Fig.11 Total volume of Interstitium

The upper half non-cellular element
The under half cellular element

BTk - THEERA GRA7IDIC, BAME LTRELE LTEEINL 0 THS 5,
MERXOEE S, HEMEOERZ I zCRUTEY, 180 ALIBREE & XiTL K E AR
OEMYHE L H5ILHALD,
Dis { & b 0.4ppmBlE, 18 BLIB 2 OBREIMASHEL T 22Z 26050, 2L TO
H—EV2BRIZ O FE 12D 0D & 5 Tz,

3 EOAORR

3.1 MiEERRE EFbRTR

EHRBRINCHER SN TRTOBYE, ZOBREHORE N MBIEo VT, BE O Rk
BRIGIC L BBENEDF = » 7 2% 12, IFRBCHELRITL > SFHEHKDOHF T, B, broncho-
septica (FH1EEE7. 9%), Sendai® 1 LA (&%&@1.%%) T AR DB OEEE T LA SR
Uite LRLEBEIANIIRY OTRToOMER CTRREERZENCIELS »Tn Y, F1-BHEE
ABORERTE, SRRBHIIIHET X ERERCH b, [ERBE2 D TRE ML
OIRBBIZE 2 5 2 TVWs» LT L 1,

3.2 MY LBEBORE
SIS T, BREBIZE 2HO TR BEOBREI L UREXE Y v EB L
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WL Y RO BET R AN, ZORZFOEERBEHICL YEFOEENSH 2 H, WREL
OEIZERE RN 30T, N0 RBREE, FEMHoVWFne BB L2 -T2,

3.3 HERMER

EME s 7 o MCEBBEOBRREROVUDY ARREEENRWT SRS, AEBILE
WTEBIN T (, TEEKRESS, FLIRES, BEEBEL CORBOSEREEBZ2ELI. 9,
18 B RERTOGHEIBRETH - 12035, 2T0AETFLLRER CINER 2 8T To8WIL,
HL Lt FREAORELED 7. L LI B 20O UEESOSMHERRS T, otk
HOBEOBRBEMERICL 2 LEA SN AMOGHRERIRD Ld - 12,

4. WREFBYFR R D/NE & BRIR

AEERFIONO, B EERBEERT I v Ml RN S0 ATRENIRNEE, 4pom BB
BLTRENTH Y, IDRATITEHOHTHE, ZOMHRIIEETRIE LF OIEA L BFAE,
BELFOREER, 0B, SEYMHESEH S MEE~ T TOMBBHE»HE > BEEE s
773 MEROWIEL S LTERaN S, ThLDRRIZEICN L 2 OBIEKE TRE Sl
HahTHE Y, NOBRBICEMNLKRETH L LEALNS, Th6DRER 4 ppmKETORE
WREECT B IC O T 5, 2T ARBE TORETHEORIII»B L HE hED L0,
SEX - WSRO EEMEAR I TORZII8L AL L THEICER L, Wit e B
HREPHEITT A LKA LA,

—7, —ROMEEDRE R, BEONFEMERETE, 4ppmKETE /L 5T L & AR
BEREHSE RV, £ ISR RE S T (RINSBESILE FEEL TV, UL, TT
IZahts & ) WEREEIC L AR T, SEOMBEERRICELsROIZT., 2hoilliE |
e A, T8 TR EFoBEAL O UAE L S i NEE o, MEoBEnEEommn,
WEMEoLE/l, METOBRGHOEN, MBRROTRE—{tar s LTENLALL Y, fle
PR, AM, MIEFRIE B TR OENTH B, $ - AMIOTE, MR
ORI S 2E L THI> D TR, '

Zh & ORI REM ORI » THRERRT L DL EBA 6N AH, FINOICHRFEE
ZHRIRBEICEEN»SRENLOT, 20MBOBBELIET A L 3BT ULLER TR,
Lo LIEREET R & 25T & 2 5 Uil BB R OE A2 6, » ool EEmEsgic
& BEOBERERICERT A L - T, REORMNHEDIZEL L hBLICL, bRl
B2 H VD & HICRBHEAFIEZ b > T 5,

Zo X 5 EEERECEN - BR2BEIC Y - T, 4ppm BEKETORE ORI 2%
Z5E, BEMRVLE, EREEHREEOHRBICREShS L, I0A»LIshHILh
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TOREORBHESTEOEINE, 180 62T0A0K TOMRIBE VY, —20ESHRIN 2,
FIOHD 9 LHRATE IR EROROBD &Miad h BHoEISA S, [TH ] B
feTo 1 #oEaangng & TR ER2RGE L > T A0, 180H TR IHOKE AL
O, BN, MERELESERE R -TWE, COWBL2A5 L, 4ppmkKBETORINEE
Zid, TEEROBSITHED, SHENTO - h & TRER 2 Uy HOBRERI~O L8
BOATLA3X3CHA b, £, XMEIRELFOZLOHER & HBiT 2 &, ES—REoz(L
BOUBNTRET AL SICAais,
F2OHTHB18~27pH T, BRILR~< L S, Mile b4 2 3B ETEms A o
h, EERICE CNRENYAFENSB LN, — HTE (MRS, JEMES) BRI
U, BEEOLTtETEORE, RROBESEORMSES 613, T 018—2hH0ED
s (MELROEE T —BOBEREIBT AL SEEL. L LT THEOEH
BIE S 5 BMREIE, SRRt VAT, ERMEORZOTERS 2D T, < OMED
RICIREI T 2L, ROKAKBITULLOEZIA0OBRYTHA S, LEOEENLL, 4
prm®NO, ODEMIHSTRET T, MREOHREIO > h LT3 LEL 6N 5, REDO—IF
SR E R ORI I TR A 5 13 b5, f—887: & A BEREE BT TS 5
sEILND,
0.4ppmsKBETDIRZEIE, —MANC O A 4 ppmKEEIC R TIREOER T {, 2% DHBIK
LB, BREOEEENEETIE, JEX LY, [ETMESHCMEEOR L HEE TR
WIS ADRIB»HD» L ThY, X EBE TEEOEILARL I N A0E2IHBRESTH S
Thd, EHEGFAIEE T, LEMEEEIHMOES & T TENEREZRL TV, MEK
BT 2Bt A OB s 2R LT3, AKSH 2 S 3l EROEETH- T, dppmBfs
BT DS 0N, 2hi 2 B0/ 92 -2 2RL2THB CRETHERRZTL TN A, Bl
LOMBEBELTEALS & 0.4ppmK#ETIE, 4ppm/KEDE 1 FIZ YT AREHNO - { h & #T
L, WHEOEEEHTERL T, REVSEBRIETAEEEOERNEEICERTADLEALN
%,

0.04ppm BT EINTIE, FEHEOBEE - KHBROBWETIE, I0AL o200 HicEAM, e
EDFEICHh 1 dRERLHERELV, UL UEEANOEEREOES 2 A 2 &, Bl
FE )T OREIAMICIS U 78 0kRT, MBS O R BR ominkEs, Mkl e Qe IRE
ROEE S H — 728, 0.4ppmBIZ NI S BB Tk & 5 45, 2 BAEOEBEmS RN
1Za3N5. LNLHOFR%EH S &0.04ppmBHC § 0.4ppmBt & A U A~ %> > TOIFHEED R b 55,
W (HTEHHANEITLTVA LD EBAGNS, ARIZC 5 LA ¢ ~EHRENER L 2
OuEE, REMHIEIEES QL XORTEORHEL i3, SROBERBFETHS S,
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E =

NO, REREEORE T, Fhicim - P - RKEHHIERE 24 S MO SHRE 25 38 L,
HEERITH B, BREASIGRYME & ICHBTARRIGR L & 0—REBERGRIC 80 TIH{EREREI
B3 EHEGERBRNEECHETETH AL L@V I THRV.. BMERT, HEMERED
NO B h 1. - TREB U EMONERBOEEBEIAREOMHR & BRF (natural history) i€
DT, TTILWL, 2D OIFRORERED & H A BEOHESB LN TV A, FT§1960FE
#6NW¢R%¥K#UT,ﬂmmwﬁiU%@#ﬁﬁ%ﬁwiafﬁ%éﬂtwgmiﬁk%i
BLFHL {, BRENO, RYRAERT OWRBMEZNRECREG 252 T\ 5, zOMRPEN
F5e, [RBEX LROBERT - DURE - 8, BREEI D 0 MEEC T TOBEE - g
b« LR ST TH S, Mg T [ EROREORE: [MEFCL 3B HpA00
3, SERES FHCET I FSESTET 275 20 6 OBILO—BIE, fhou < SHOR
fe § 30 S N TV AT DN ORRTE & NI RENS, MO BB ATV B, %
DR E (IC 4 ppm HOERRED Zhik, LILORE L ZAMICZ L —FHL T3, @R
EFHITHO I 4 ppm DT OKE T, MOSHS TORERMITEN - U o/ B oREIHD
H0Y, DAL Freeman 6 DR E—HL T3, FHCOBEEECII2TLERES I THR
REDFEAITIIB] - TV,

ERNRE O & HEEEIE, HOohBEKELRERAr v —vitd > THRlah 3L
MR THBH, ZOMORERGE CGCBPBECRROEH, REHEL ZOBELEZ (D
FHICL-TEDLY I 2L LIERTH 2. REKELREOCRERE L ONTH I b bR, HEHE
REMD T ERAVRHETH 2D, EXROBEORKTENIE-BE LW TITbhTsh, HA
OHECI PRV H 5. 2OBRICESVTREKEOWE L RBEHOR S BIRIR & o1
EEBORGHIL, BEH5L0LHBALNA,

Freeman % Stephens 5 "33 » M icxdd % 2 ppm 2 FEOEK RH TEBE OFRINKED
BRI eRHT NS, AEBO 4ppm B THEINAEBAREL, THICENTHL I,
Furiosi 5™ 2 ppm/K#edii R E425 A TREX LHOEAZRIL TV A, Evans ¥ i3@iT 1
~ 2 ppm QAETEHEERTEIL, M L0, - Eh U KB EINE PRI T LR TIN5,

2 ppm LIFOBEAETORARBOREIIL {20, Wagner 52 253 » k- =9 2% LN
Bo@meRv, 1, 5, SppmOBEKET 1 H 68, #Es H, 18hH F ToORRNERRR
BT 12AER T, 1 ppm K ETEBERMIIE oM TV T v F ORBEBFATHT R SR
B ALBBICILEL nMEREEAEIH SN T A, Freemand YO F » M 50.8ppm330>H
DEBTIX, BICMRELLHCBEOEILERD I, ke L TIRIBEOMIE T - 1,
Blair s < v 2 2 HO120.5ppmKE TORR124-H  TORMRBER, MHXIERE OB
i L MIEEIEE SR S h T B Lo UERIRZEOTRICZ L WO LRI, SMEERILe
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figoilsd b, IWIHETH ALENH S 5, BEEBTOO0.ppm/KIETIL, 180> A LIRSS
HRESHELZ U, 210A TREOERMARALSRT T2, UEORBYEET 5 & ERER
WRTETit, P2 L §04ppm/KEL E TR BFRSEHOICNITRESRET I 0 FALN
5, '

LEQBHIRBROEMIE, 2~ 35 ALRTORELRHLIL ShOBELS Y, ZOHICE,
EEBORHOBE L LEEBEEBEOEBRL V(BRI TVE, HBLP oAk
0.5~0.8ppmEH TO 1 ~1. 5 A B RBEEE T, FIGTEZ ORFE CHilE L ok R 232
HLUTHH,EH 62 ERC< 7 2 d 50.55~1.6ppmillliss 5 B RE T, SEIE LRRE
W, F HAMREE L OBBEARD TV A EELM E 5, MZBLTO. 1~ 10ppm O TO
4 YRS 1 o BB BRRERRYOMRT, 3ppmilETirH LD ;S HERNRELZED, 0.5
ppm /K TR EFE OKEY LR OE(L & MBSO meMEL T 5. Zh & ORBEHRETO
IR TOBE OBMRAED 5 A 5 L 0.5ppmplHk OKRET b HEM R Z A 5 OERFENR
AR ATEEMED R 30 3, AEERRFITIE, 0.4ppm/KBEDSRE DETTH £ h 5 D IS
HoSBICHELT, BUCERTH S, EBRHFOERIIZ o LU, BIPOBE
HEMIPATHADS, CLUHZERORGNSL, 20% 9,83 TORICEBRL roEEHE
EEHEL D, WIhicw L, ZoBRcoWTE, BREENREF TOBBORILE Z 0K
BB, ) RO L 5, L O RCERRLBA L SBEEL T AP LY, SHOR
HThs9,

HERE T TOMELEORIGRERILFENREC 18It 2, §TIENOEETT, [#MERD
B R ERIC L 2B, BEOHENEMCED bhTH0?Y, 2ppm KETORIABTY
AROBESRNITIN TN A COBREHSET » B ERIENO LU T & hiERfEL R T
ADEEZEZONTVE  —HEAEBO IS ILIpA LV BUERTRESTORI L XiTh, £
OFREETIE - IR EFoREBERCABOEABRNII A, » 22 0RBEIRBY &AITUL
#WHRERT 6LV LRRERRY, BETIFTRICHL LA EREEE T, TREREE
TR ERRIGE 5 BB L AFIEOBERY, 270 LV 2H2RLU T h L#EL T
WALIILARE, CRLOBROK -HLERL, BHERITOREORITOMES & 20HD
EITOH S OEROERE § &0 T, SROBRHOFETHS S,

WhICR L, EEBRRIIOBER, 2700 03 BOEBIN 2L TANE, NOITL 5
Rmzcid, BooICBBKEE L TL, AFCEIMOERLAETLCETTZ b0eELONS,
BRREO—IRI L L [ R EFOBERII—FOEE BT 2 2 & 6 ¥R, o Lo
iz e AEREX LR PREE - MESHEE, MIEMEREZ YR, BETE Tt 0LE
Aohs, ARICEREEGERET TRED®- (b L UEREST T 0 LELREL 2T,

0. 4ppn AT OBE KL 31 2 B SR EBoL EME BT 29MEROEBRI s b TL
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{, WREEMEE L Z LV BENHIS ™20 12ppm 1 »HEERARS « MZBEOT, MAZALEZF
F L O¥INE & O CENSEOEE 2 By, TE L YiE U ov T, EilbpsifilieEe
L DEES AUE IR OB IMER 2389, COREKETOEFHEIEME L VL IR EBRNT
VB, C OB ZOBRORE D ELEERT S B 5T 55,8 L L6 oIS £H
D, FERBTAGhIZL i, BRPAOCER L cEMERIAbDTHE 25, 2708
Bicid o b ORBIET 2 TEEGEET 5. KEBRIIO 5 5 0. 04ppmKETHE S Q12 EAE
sHfEEDW - < h & L1z RN, 4 Tickldn720.4ppm, 0.12ppmOFT R & KN, BFREET
HELBFAUTAEMEWES S > TOASIEET 5 L &SR, SROBHORETHS 5,
AEBEOEBIC B TEN LN I BELSO—2i3, BYolsH#ETT 518~27»F 0/, WE
DETHENE VI HIREHIEBENEETH D, 0.4ppm/KETOREDH Y & 51k, 0.0dppmk#E
TORESAFEERO LR &, wWihd ZoHEE LV, ORI KB OERC L
2400, MEHCHE S A LLOBR TORZEO LR™ICL 3 00X SEOBRIAFETHS I,

B &R

4, 0.4, 0.04ppmDNC, I §, 18, 27 BEFRB A Lt » F OFRBIC S W TREREEN
BREIT- MR, MREIBL TIRO L 5 siERE2E,

1) 4ppmKBET, BHOREHSTHS I pARBVT, FERESRNZSH, 208
t BBEROERS S, W h 2#TT 2, UL L2THBORKETEMRBEOREICIIRL T
Vo Odppm KEETE, REOETRBRTHAY, AR IEEOERINRE LR T 5,
0. 04ppm/KAE Tk, BFEOBENEOHH TIZSHREHE 28 L TRE R b, RIS
Eohcalo@BR st ER 2T A1EESH Y, BRIV ERZL,

2) DL EokERi, ERENO, DHEFREIC Y 5 MEENREIR, RE/KAE - REEMCETL,
Bl e BEBRSEET AL L ERL T A,

3) WREO—IRI L LI LR IC B BE T TOEERY A o 28, KESTORERFIC
W b EHETLTEY, EBREHEEICST 2BB0EBOTAE2TRL TV 5,

FEANIEILOE PRSI T L TO DT, MEOMRE I shfgs L OTh 5.
5t i

K%ﬁﬁﬂ@ﬁ%m%nof,%@%ﬁbtﬁwwiafﬁﬁéht HAKET - KBHXD -
BEREET  GHME oEEECEHRLEY, .
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FE R &t &

4 ppm 27 HSER LR L LIRS ERIEK S BE0BE (FIEEX160)
4 ppm 27M Bronchial epithelium ! Extensive hypertrophy and loss of cilia
(original mag. X160)

0.4 ppm 27 B bR L B0y bRIEA L mEmE (FREHRX160)
0.4 ppm _27M Bronchial epithelium [ Partial hypertrophy and loss of the cilia
(original mag. X160) -

0.04 ppm 272 AXUES LR L WY & O HEEHE O (BIFEX160)
0.04 ppm 27M Bronchial epithelium ! Difference to the control was not remarka-

ble (original mag. X160)

TR B RS L (JEEEX160)
Control 27M Bronchial epifheliﬁrn {(original mag. X160)

4 ppm 9 »AXBRGE | BEOMISERENE & bR oM (REEX50)
4 ppm 9M Terminal Airway ' Slight thickening in the wall of the alveolar

duct and proliferation of the epithelium (original mag. X50)

0.4 ppm 9 DPHFRWEE BRI MR 2EH T (FEHEFEXS0)

0.4ppm 9M Terminal airway . No remarkable alteration ({original mag. X50)

0.04 ppm & > BERESE  HCTNEME2ED T (FFEXS0)

0.04ppm 9M Terminal airway : No remarkable alteration (original mag. X50)

SOERERE 9 b RMSGE (FUEHX50)

Control 9M Terminal airway (original mag. X50)

4 ppm 180 FIRMSUE | MBI RIGSVES L OREX & BIE R OMIGESEES & b
FEHETH (JE{EHEX80)

4 ppm 18M Terminal airway - Typical picture of continuous nitrogen dioxide
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X

Fig.

21
21

22

ig. 22

23

ig. 23

24

ig. 24

Fig.

25
25

26

ig. 26

27

ig. 27

28

ig. 28

29

exposure.
Hypertrophy and proliferation of the epithelium of terminal airway. {original

mag. X80)

0.4 ppm 187 FRMIAUE | IRAISHEEHE 5 (BifFHRX50) b

0.4 ppm 18M Terminal airway " No remarkable. (original mag. X50)

0.04 ppm 180> HFMTE (FAFEXS50)
0.04 ppm 18M Terminal airway (original mag. X50)

SHEER 8 AEMSGE (JREHEX50)

Control 18M Terminal airway (original mag. X50)

¢4 ppm 27 AR EKGE | FU RS E LR ORA LB REHX40)
4 ppm 27M Terminal airway ' Hypertrophy and proliferation of the epithelium

is remarkable. (original mag. X40)

0.4 ppm 27H> A KMTE | #H O ERAEA & I « MEXBEIEE (RI5EXE0)
0.4 ppm 27M Terminal airway . Slight hypertrophy and proliferation of the
epithelium.

Thickening of the bronchiolar and ductal wall {original mag. X80)

0.04 ppm 274> B ARMISE | ZAGSHEEHK s (F{ERX50)
0.04ppm 27M Terminal airway : No definite change. (original mag. X50)

xefeEter i HAMSE | RISFX50)

Control 27M Terminal airway (original mag. X50)
4 ppm 182> A KB - Mtk | filEBE &5 & ARG EEAEIE (JREFHX50)

4 ppm 18M Broncho-pulmonary junction : Thickening of the wall of the alveolar

duct and adjacent alveoli. (originalimag. X50) .
4 ppm 270> AREL « MifEAEE | MikeEet 5 & R EMaOBENRE - Bl (BFHEX
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L4

Fig.

Fig.

Fig.

Fig.

Fig.

29

30
30

3
31

32

ig. 32

33

33

34
34

35

ig. 35

36

ig. 36

100
4 ppm 27M Broncho-pulmonary junction - Thickening of the wall of the alveolar

duct and adjacent alveoli, advanced fibrosis (original mag. X100)

4 ppm 9 D AEMISEY GEEBE) | KMSEL LB OTE LB (FHAX400)
4 ppm 9M Terminal bronchioles {(SEM) . Irregularly arranged and proliferated

epithelium.

4 ppm 9 D ARMEER (REBH) | HooikE (BUEEX2000)
4ppm 9M Terimnal bronchioles (SEM) . Higher magnification of a part of
the Fig. 30.

4 ppm 9 D AMKEY (FEEH) | FELEOEX - BESRE, FEMEORBIE
4 ppm 9M Bronchioles (TEM) . Hypertrophy and shortening of the cilia in

the ciliated epithelium, Proliferation of the basal cell.

4 ppm 9 DAFMEEY (BERH) $TELEBIC7 7 7R EFORRETE, BEL
BLDZEE

4 ppm 9M Terminal bronchioles (TEM) : Proliferation of the ciliated and
Clara-type cells. '

Degeneration in a ciliated epithelium.

4 ppm 18V AKEY L (FBEHE) | SEOTHE, AR
4 ppm 18M Bronchial epithelium : Shortening of cilia. Degeneration of a

epithelium on the right.

4 ppml8 AREIRE (BBEEE) | RKEKE LR OBIREM

4 ppm 18M Terminal bronchioles ; Massive proliferation of the epithelium.

4 ppmlsh A KB LR GEEBE) [ RBEEmOMRES, LEOEM (JFEHEZEX200)
4ppm 18M Bronchial mucosa {SEM) : Ridgy projection of the mucesa.

Proliferation of the epithelium (original mag. X200)
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B 37

Fig. 37

B 38

Fig. 38

B 39

Fig. 39

X 40

Fig. 40

41
Fig. 41

42
Fig. 42

X 43,

4 ppm18 AKE R LR GEEBIE) | K36t (BA5EX2000)
4 ppm 18Ml Bronchial epithelium (SEM) ! Higher maginification of the Fige.36

(original mag. X 2000)

4ppm 18H AliiEEE (EBBBE) | EAU-—-HasgEe T IRER, IREROBNE a

i)
4 ppm 18M Alveclar wall (TEM): Several hypertrophied Type Il epithelia.

Note the inranuclear vacuoles in a Type I epithelium.

4 ppm18hF fifaEE (FHRBFE)
4 ppm 18M Alveolar wall {TEM)

4ppm2ThAREX R (EHEEHE) | EEESIOTS 2 HAME (RS X200)
4 ppm27M Terminal bronchioles (SEM) . Note a complete disarrangement of the

epithelium (original mag. X200)

tppm27 o AREXAN (EHAF) | SELLEOMREME (FI5%EX2000)
4 ppm 27M Terminal bronchioles (SEM) ! Finger-like projection of the prolife-

rated epithelium (original mag. X2000)

4 ppm2TH AREXE (HREH)
4 ppm 27M Bronchial wall (TEM)

44 4ppm27H AKEXFE (EBEH)  AEXFRHSs L OHRETOY 5 5
LR OB, KRR R OBREHER N

Figs. 43and 44 4ppm 27M Bronchial Terminal (TEM) . Proliferation of the Clara Type

B 45

Fig.45

epithelium in the bronchial terminal and in the alveolar duct. Increased

collagen in the sumucosa.

4 ppm2T A NGINEE (BEEH) - MIREMNREENE. MEKA - BRReEm. 12E

RN, PIEMER D T = ) LR
4ppm 27M Alveolar wall (TEM) ! Thickening of the ductal alveolar wall.

Extended interstitium with increared collagen fibers. Hypertrophy of the cytoplasm
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Fig.

46

46

47

ig. 47

Fig.

Fig.

48

48

49

49

50

ig. 50

of Type .l epithelium. Myelin-like inclusion in a interstitial cell.

4 ppm27HFFGIEE (ZEMEE) | RMEIE. 2@oERGECTMER. #EOHH
IR,
4ppm 27M Alveolar wall (TEM) I Distal alreolal wall.

Two apparently normal Type Il epithelia. Slightly extended intersittium.

4 ppm27 > ARHKEEE (EEESE) © AWM. WEOHA & BRRMEHEA.
4 ppm 27M Alveolar wall (TEM) : Distal alveolar wall.

Extended interstitium with fibrosis.

4 ppm27H> A FifEEE (ZMEMEPR) | EHITHHD. ﬁﬁbf:%ﬂiﬂ@ﬁ@%’)ﬂﬂtﬁ. i E 4
K &R
4 ppm 27M Alveolar wall {(TEM) : Distal alveolar wall.

Type [I epithelium with extended cytoplasm. Extended interstitium with fibrosis.

0. 4ppm27 > B K EXHWL (BEEH) | 7 3 7B L OAMEKE TEBO A & R
iE

0.4ppm 27M Terminal airway (TEM) . Proliferation of Clara Type epithelium.

Extended submucosal connective tissue and increased collagen fibers.

0. 4ppm27 A fifaeE (FEEEEE) :*ﬁﬂﬁﬂﬂﬁxﬁﬁw&ﬁﬁgﬁﬂi, O R ARET AR
0.4ppm 27M Alveolar wall {TEM) : Distal alveolar wall, edema and minimal

collagen fiber formation in the interstitium.
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L AEARIRSE  $155 (R-15-'80)

Research Report from the National Institute for Environmental Studies No.15. 1980

T—4
“EILERRBABOSy FCRIZTRE
—Eilk M pHa, PaCO:% L 1FPa0 .

Effects of Long-Term Nitrogen Dioxide Exposure on Rats
—— Arterial Blood pHa, PaC0. and PaO.

gAR -’ g e mEEE - RE B

Akira SUZUKI', Hirokazu TSUBONE!, Takamichi ICHINOSE! and Hajime ODA'!

BE B

NO. ERE - BHIRBOLGHE 2 BT 50— F B LT, 0.04ppm, 0.4
ppmB L4 ppmDONO: % 9 AR 9 v FICRER L, OIS, FEWE, ik pHa, PaCO.,
PaO: Sz WU B U, WfEEE & LT, GIBICELIEY o st - ol
T DFLH0. dppm BB TED 511 WO BRI PaO2 13 0. 4ppm BL
4 ppm EETHEEBCH D U, £72, BrOATHEE FTRIELN Pal: 13, 0.4
ppm, 4 ppmBRETHA LTI, ALFEEOBEIMCHE S Pal, DIEINEE, 4 ppm
ERCERIELLE,

Abstract

Rats were exposed continuously for 9 months to nitrogen dioxide at 0.04, 0.4
and 4 ppm, and heart rate (HR), respiratory rate (RR), arterial blood oxygen
tention (Pa0,), carEon dioxide tention {PaCQ.) and pHa of the contro! and experi--
mental animals were examined. HR of exposed rats was not significantly differ-

rent from the control, however, RR of rats exposed to 0.4 ppm were significantly

1. E/AEG REATE T05 RNEFES E /6% 2
The National Institute for Environmental Studies, Basic Medical Sciences

Division, Yatabe-machi, Tsul
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decreased. PaQ, of unanesthetized rats exposed to 0.4 and 4 ppm NO, were
significantly lower, When the anesthetized rats was ventilated with mechanical
respirator at 30, 70 and 110 rpm, Pa0O, of rats exposed to 0.4 and 4 ppm NO, were
also significantly lower. Rate of increase in PaQ, with increasing rate of mecha-

nical respirator was significantly lower in rats exposed to 4 ppm NO..

= WY

FE, 74V~ TREALULERY Bick 5T, NOOEERIE T 28BSz s h
EHELTVE, L L7d s, NOOBE—RIENBESFRHFTHACLEETIETEL V. L
oo T, Wk 6RREcE T AR, FILENERRERE {, HENSREONO.RE
i, FRBOFERENELS AV ERBBIEORL 25 3B F Ll bk INT WA, — 7,
FER BT & > TH ALBOBE LTHEREELEREFL TV 3, T4bE, AROME
BHEEPICIE Dika, RO BEILRE 25HCHET SHIETH 5o LI2HioT, FIRENCI 62>
OEALYE: U188, Mieft 4 24 A BB ISR R LB AN 2, 2L TIOELE,
Bis BERRAERT AMB A AR K TH S5 . NO2 RBOMEH 2 g0t L T,
BIRMOMEFESEOE T2, €Y sl oxpam®® Tl shTo ey, 7 Todita
ERE - GHEETHH, IrBYToREY Y IHENSBECRBTH S, LIV -> TER
FoRYORBSERBWOMK Y 2B RIETHECOWTRAMOIHBE N,

20T, NODEBE - BIIREOEE~OLE 2 HiliT 5 »0—FBE LT, NORBHY
D&k pHa, PaCO:, PaO., FFEE. OB L CEREREMIC SO THRE 2INA T,

5 &
JCL : Wistar R 5 v b %A L, 0.04,0.4, 4ppmDNO. % 9 > ARRE L1z, BREYH

BESOMCRB ML, RERTH, 59 b 27« 2o HUT, FEE, OHM, B

Wiig R ( Pneumotachogram, PTG &B§3) L UMY Ric >V TRE L. BEERPTG
D6, DIEEIZOERD SEH U, MY 27, BT T, 3L Pentobarbital REFF
- AT RS % f54330, 70, 1O0EICEMEL ¥ ¥ TiT-12, OEBE, PTG B4 CRERR RO MK A R
DL F v 25— D B L TLO~2053 IPICITY, ZORE B IZEEH T TRES = 2 — L EFBA
U AT T CHR % 1T~ 10 /5 BHEREME X ONOy % 2 RBIFEIL SV THIBICHERL T 5
OTC L TIREWT 5. £12, WA, MEF2IH,PTG, LEROLENHECONTE,E L) -
Z [t EEREY 5 » + OFIRM pHa, PaCO:35d O PaOu BT ] OBUCHAB LI,
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B B

|, R & RN O T

NO, 9 > HERBOEEH & L O EHOEL 2R KFT. ZNZ NI OMEMETH 3,
W ZEE L OOREOBITIZ: ASERED b o 1, IFEREIT, S FEEE & T8 L T 04ppm
BESL 4 ppm BECILERAENL - 1008, 0.4 ppm SETHNERONTI% LHE (p<
0.01) 1LHA Ui,

2. MRHEE (PTG ORIBOEL

WS 2 BT 23 & 25 - D FREERICOW T, £0REARRE (LROE— 2 L THO L~ 2
o) PRHEZICRLE. FEBEHICTSHEOERSERE S U, R LT, Wih
DHE IFELELTIREL -T2,

3. BfRM pHa, PaCOQ:, BLUPa0. OFAL
9 AR RBEIC, EWHET TR GHRIML L 12 I DT pHa, PaCO:384 & Pals

A T ) T T T
100 -
o .
‘ 2 8ok : ' T
for L1
g | L i
60[_ _ -
20 | .
o T 1 T
z | o-— o
A 4 r\\\\\;r///l
o x
Sl o L -
L | 1 |
C 0.0k 0.4 s

MO, concentration (ppm)

B 1 NO,9»HESE s (RR) L.0HN (HR) rRiFd e

Fig. 1 Effect of NO; exposure on RR and HR in rats
{m% SD, n=6, %% @ P<0.01)
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T T | T
b0 - -
c
o 30k I T N
B T
a9 A 'l'
qa | /L\g
g J ¢ 1
3 20 N o
o
)
3 !
10 b -
1 i I !
c 0.0h 0.4 N

NO, concentration {ppm)

B 2 BRihiRR (PTG) oREOEL

Fig. 2 Effect-of NO. expos.ure on gmpli‘tude of PTG with spontaneous res-

piration
(mt'SD, n=26)

BHIE Ui, 20, # 7 4% -1 (Pentobarbital sodium 30mg/ke, B. W. iv) BEEF T T AL
W58 %@\, SRR S4T30, 70 & o 110 Bl D& TR—EE L 5 —R127 H0.2~0. 3ml
T BEElR b HFM LRI L 72,

SRR IC 351 BBIIR pHa, PaCO:45k I'Pa00OFIL 2K 3w R L1z, £EF O pHa sk P2
COzi%, BB L HL T, AERLELRINL > 1285, Palzid,0 4ppm RE THEEIDOHI91%
(P<0.05), 4 ppm REE THI92% (P <0.001) L HEARD 2R L 12 RICATHFRTFCHEL
EEHE 4~ B 6 IR L .. pHalz B 4 iR b, #5330E, 70[Es & of 110 o ATIFR i
BNTE, HERLEEERLOMCEEREIL 2@#D /212, PaCl @35 KT &S,
f543 30T 4 ppm REET, 7O & 110 THO. dppm ( P<0.1) & 4 ppm BB CHIINMER 2 E» 12,
¥ 7, PaO: OFLIRE 6 ICRT L 51, 0. 4ppm BETIZ, 5330 THEBIOK68%, T0ET
#166% , 110E THI67% L & (P<0.05) AL, 4ppmBETIE, 300 THITI% (P <0.05),
70@ T67% ( P<0.01), 110[T#I60% ( P<0.001) LHEIRBA LI, H110E0 ATHR
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i
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Q
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o
& 9or
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o
|
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|
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—o—i
l—o\—l

)

.
I\l*_.—-—?** d
1 _

i 1 1 !

C 0.04 0.4 L {ppm)

N02 concentration

3 ®IRM pHa, PaCO:, PaOz KFIT$HE (ﬁﬁﬁﬁ@-ﬂé)

Fig. 3 Effect of NO2 exposure on arterial blood pHa, PaCQ. and

unanesthetized rats

(miSD.n=8,*P<d%.***P<&mL ¢ : control }

PaOz in

30 rpm T0 rpm 110 rpm

T T T T ] r‘T T T ™ r‘T T T T
7.67 |
i I [ L/l\J I ]

{ I\T c[ l/l\};/“ l l I\ci
T L ‘
1.0 -

5,5. L - l 1 ] | | 1 ] 1 i l | i ':L 1 1

NO, concentration {ppm)

4 BHRI pHa (CRIZTHAE (B, ATIREES)

Fig. 4 Changes of pHa in arterial blood of anesthetized rats .exposed to

NO:

{ventilated with mechanical respirator, m+ SO, n=286)
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30 rpm T0 rpm 110 rpm

_sef 'i{__{ S
ﬁ i %\L/ T %_l -
§N 30 r J_ I“-—-_./ l -
iy
I | i
1C —
i ! 1 L 1 i L ] I t
o 3 = o g Es (5} 'g £,
c & a o o a c o =

NOE concentration {ppm)

B 5 BRI PaCO BT 58 (BFRY, ATIRORRE)

Fig. 5 Changes of PaCO. in arterial blood of anesthetized rats exposed
to NO. '
(ventilated with mechanical respirator, m=* SD, n= 6)

30 rem T0 rpm 1i0 rpm
I T 1 T Il 1 T T T ] l T T LN T

-

i I

Pal 2(mmﬂg)
T
—20
e
pd
!

]
50 l\

| 1 t 1 I J I 1 ! | 1
= = a2

o o = o o - [&] [=] =
o [=] - < o =T o o =T

N02 concentration {ppm)
B 6 BRI PaO; kRiZ 48 (BE:, ATIFERES)

Fig. 6 Changes of Pa0: in arterial blood of anesthetized rats exposed to NO,

{ ventilated with mechanical respirator, m* SD, n=6, % ! P<0.05
*k 1 P<0.01, *%% . P <0.001)
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BB Tk, NOLIBREOBIMICHES PaO: OERSR L 2 EDH Tz,

TiC, NLFEEHGCHE Ui pHa, PaCO:3 X ¥Pa0, OBHL 28349 2 2 odbie, &4330
OEORIEM IS 570E]/43, 1108/ O EMOBE AL LXK T ~ 9 ieR Ui, pHaidB 7 iz
AT LS, WEBEEELTEE IRV, T0E/58 & F110[] /438500, 4ppm & 4 ppm £
UM 2T U1, PaCOs iR 8 10T & 5 e, WIREE & HAR LT, 701/ 654 & 0¥ 1106 /

SR D 0.4 ppm BT TRIIGEE 2R U e S HEAE TR AL > 12, £, Pa0: iz, MR+ &
{ 54T, 4ppm RETTOW/FEHITHRBIOKIT7. 9% (P <0.05), 110[E]/5381c4976% (P <0.01)
LHEBRBS LI,

4. ATHREHZ & 3 PTG OEEOEL
E5I30E, T0H L X 10 EDATHERE 2T, ZOROFEESUIHAR (ko b2 2 & BER

70 rpm 110 rom

1oLt o

102

—_ .|- T~
L L I~
[ N3 | 1
R a-—"1
“ 100 p 1 .
o]
BR
*—6 - -]
&,
98 - —
96 | { 1 1 ||_ i | § |
= ~F
c o = o © =

I\IO2 concentration

K 7 BRM pHa 0ZHL
(30[E/SHif Izt 3 5 % TIRT )

Fig. 7 Changes of arterial blood pHa
(% of 30 rpm, mE SD, n=46)
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T0 rpm 110 rpm

I I I I I r i | 1 I
100 |- -
T
A
sor I / NG -
—_ O I - .[
2| T4
g 6of / N
N |
D
S ol ]
d'_? 1
20 | B
1 1 | | I | 1 |

0.04 |-
0.k

o ~

c
- 0.0L

N02 concentration

M 8 BRM PaCO: DEL
(30[/ 3BT T 5% TR Y L)

Fig. 8 Changes of arterial blood PaCO:
(% of 30rpm, m* SD, n=6)

fTHBH, ATHERED»LHEH D EMEMTS 2.00 56 PTG 2388 L 2 ORARBOEIL 2 K10
R LT, PTG OIFIEIE, 84230 T120. 4ppm THAEA 2R L, H45370E 4 L ¢*110E D4 ppm
ST TREMER (P<0.1) 2RLI,

£ ¥
WTOH AR BBEIEE NG L, ERRBERELIIECL, 36, ZBURREERT

AL EILE->TVDOAFERREORBILZ AT EMBH SN T Y, ZORBRMRY 2 AL -

—236—




T0 rpm 110 rpm
T ] ] |} , ] T T T T
200 _ -|- ‘[ ]
- oo,
4 l
1o
% T/.\I | T
4 - @] .
o 150 J_ A A
=
> N |
B 4 *
oo J n
50 I .-lr ! ] I | ] :: 1 1
[ Q - (] [w] -
o) o o o
NO2 toncentration
9  BERMD PaO: 0L
(B0 /43It & 5 % TR Y. )
Fig. 9- Changes of arterial blood Pa0»
(% of 30 rpm, mE SD, n=6, % . P<0.05 %% P <0.01)
30 rpm TO rpm 110 rpm
1 i Y T T | T T T T
0= '
T
¥ D
—_ 1 D
E.ho‘ l\[ T 1 [ T/'L T ] 'l'/
® C & Ol
DN T e
3 l l ‘j
O aoh
a
a
<
o ] ] 1 N TSN WO | L. ] I 1
=) o = o c 3 & & =
K0, concentratien (ppm} .
K 10 ATZEED PTG 0ZL
Fig. 10 Changes of PTG ventilated with mechanical respirator
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TRIALENTEBEEDOT B, NOOB—KENHELSRRETH b, HENEBEONO,
REIERBOFEN, #MENELPET AL 00, ZOBEOIED I ITMEEY 2 0534 %
TACLHEERETHALEL, (EREONO: 2RI (I0AM) BELLI v Micon TR
AR 2RAIL, ZOMEE, ERMREO pHa & PaCO . KAEAZEEIRED S hish - 1245,
Pa0 2130, 4ppmBEB & 4 ppmBB CEEARL 2R, O, WEE: SRBREO.OHC
HESERED ozl -T20f, FEBO0. dppmP THEICHD Uz, —iz, —EROBK 2 H#
Fo a0, BEBHEL L BaFRERORLTHET 2 L & pMsn T 508, AEER
iC#B1 20. 4ppmBE TR PTGOREOEILIIBS 6N TV, LB -T 0. 4ppmBBIC BT
% PaO: OBUDIEFFRE ORI H > BKROBMDICL 2008 LAVEWL, £ 25T, NOREIC
BONTHRREORN 220 28E" 2500, FERCRIFEEOBMEBE L >70, T0
—RE LT, homs s B hARKE T, MRY AT OENE2T5 K, F v N —ShTH
U, BBEET TRHELIICL2BITFACLH8TEL Y. COEHARRBEFICNET 30ESH 5
b Lz,

Nieding 512 5 ppm 15} RBEDO & + T, Freeman 6 i3 EH15ppm HERBD 5 » F T, 2L
T, Davidson 5% i3 8~12ppm 3 ~ 4 HARBORET, ZNZNBIRMPa0. DM/ 8L L1
b, ERBROFALL VERED 4ppm LTO I LAMBELIZS » MzBWT $HER PaO: @
BB EREEICEEINAC L ETRL TV S,

LT AT, BYEBRILESOT, BRNNFOREBE L MO ES 2—~EOXRMTICTH ¢ iR
Thb, 20T, Freeman 57 ZECBELMEL, Z O RS THRML, %z Davidson & °
IR T CRMmML 7, MBORBES L CERBICE T ARE IR, MY 2 E0RS 2 X
EBELDTHADS, MEOHERKBOBES, BEOHEEHINSORELEE T2 L1
TEEWV, LEVB->TEELOERTR, ARORE 2L/ T 51201, HMEFTALRRRS»
HEHLBRTEZERIT2L L 2RAL, A—ATHRREBICE T BMME Y 23T 0O#KE, 85
70[E#5 & F110[@8D0. 4ppm & 4 ppm REREE T PaCO OHIMARN %, ¥ 12185330, 70M 8 & ¢8 110
[ERSD0. dppm 5 & O 4 ppm BB T PaO: DM B R 1z, M 7 7 0BT R IE 3 By B %
KT aE, 1) BRR, 2) ¥ ASHEE, 3) BENE, 4) SBTORMEE, 04 582B T3 C
LT E B Pal: L CODEALIRW ARBOBE TR T 24D Td 30, REGYTIHBT
DB BB B LIS CHRNROSV REM § B 5. Lo LAd 6 -EHAERLT
BB PE(L I ROMEY 20, E—RETRERENEL S B TORBE A
RBHLH N LRET RUE, 7 RHEE TR D R0 L EA BT E DT B, TA0EOR
SEMEIHY A70E & & C1I0EIROREEOE R 2HE L, BB E KB L 12 & 2 2 4 ppm REiC
3T 70[E] /30 35 & X110 /30[EE Iz TR 72 PaO: DM 2 BB L7, DT 4%, HA(HROR
b 5 L PaOz DN 4 ppm FER T LW L 2RL, BREBRICEB 27 252 H% =
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T L BHAlsE, L, ATRESORHBE L FERE2—FICLEESL, HiTto

BERB—EEDBTULEZT AL, BE2 5IENORED L 5 KRHAE wmEBEN 2L 23|
BIT s agand, ADHESRIZE > TE VAT N ERKRESY CILMIBA T tE LI
WZEREAOGNALOTH S, EE, ERLRALFREED PTG ORIECEA % 4 ppm RED
B4 70E 5 & FI0E TRD 2. L DRBOMWAKIL, FKlEORAEE I L - TRMERSEN LIS
CHBEESNFEDTH Y, COFRIR, RMREL LR OMEI L 2HA & W 5 FEEMFR
P—ET B EEA LN, LT AppmBE B 3 Pal0, OBAKR, KBt oMilieats
PR 2800 BRELMY, HEREMBMLICIERT 2 EBA B LW TE B, T 0. 4 ppm BB TOE{LO BT
ik hFELORHSBETH 5 LF A bhi,

1)

2)
3)

4)

5)

. 6)

7)

8)

9}

, 51 B X ®
Goldstein, E., N. F. Peek, N.J. Parks, H. H. Hines, E. P. Steffey and B. Tarkington (1977) ! Fate
and distribution of inhaled nitrogen dioxide in Rhesus Monkeys. Am. Rev. Respir. Dis., 115,
493—412.
KHEET - BHE—EF (1979) | FERMEHIL SR OEEFBTT. EEES:, 21, 707—708.
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Effects of Long - Term Nitrogen Dioxide Exposure on Rats

—Blood Examinations——

WREE - #K BB B 8H

Takamichi ICHINOSE', Akira SUZUKI',
Hirokazu TSUBONE' and Hajime ODA'.

2 F
NO, RBEOEE~OLE 2T 3729, WistarRI » F 2H, 0.04, 0.4, 4
pem®NO, 2 ¢, 180-FARKE L, BRMEK - £ CEOREB I OTHRE LI,
3 -2 0. 0dppmpl R I D HEBRBECEEABINETR LU, A2 L
AXH OB S VA7 T+ —€hidppm, 9 D AHBET, SMmMIKEH0. 4ppm,
I8DARBRET, 7TAh ) KA 7 >4 —H4ppm, 180 ARRE CEELRD %7
Lte

Abstract

The valuse of clinical examinations were determined using the blood and sera
of rats exposed to 0.04, 0.4 and 4 ppm NO; for 9 and 18 months. Glucose in sera
of rats exposed to 0.04, 0.4 and 4 ppm NO, for 9 months was significantly in-

creased. However, white blood cell in blood of rats exposed to 0.4 ppm NO, for 9

1. EXNEWR REAET  TI05 HUERES HEET 168 2
The National Institute for Environmental Studies, Basic Medical Sciences

Division, Yatabe-machi, Tsukuba, Ibaraki 305, Japan
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months, glutamic oxalacetic transaminase in sera of rats exposed to 4 ppm NO;
for 9 months, and alkaline phosphatase in sera of rats exposed to4 ppm NO, for

18 months were significantly decreased.

L&

REFRPEO—FETHENO W, 714V F—FRERALIERYY &2 0idmAoONO;, NO;
BRIE LICHEY ok o THEERICI AENA T X BRERIRI, LIid-T, NO,Idf—RE
PIRE L CODNARRBIITTLL, BOEERBE~ L RE2RIITCLHHERNSN S, B
BUCEWVT, NO ¥ 2 DFIELIN ORE~DOUEICA4 200, mESEMHAREN 2
PAHROND, FlAE, MK, mECELT, Kosmider 5% 1ppm ]l b AMEBEOEALE » kT
BEL s Ea) LT AF 5 —EORMA %, A S Y 120.12ppm, 1. 28ppm, 5. 28ppm .k X183
ppm3SHERE S » F CHMAHGSHDEL %, Ehrmans ¥ 135 —10ppm 1 BRI RED ~ & 2 G
BTS00 %, Freeman Y 13 2ppm 2 ~ 3HLERBO 7 » b THRIMBRE, ~<
b2y MEBL KAE Y o OB %, Furiosi 57122 £ 1 ppm 2 > 1 8B OY A T MR
O, B )1 1304, 165X 0%6.4ppm 3 HAERBDO 5 » F T, MIEHORKIEH,
O, L AT o - AHERNCERIER 2750 8 2, @G L. TH6OHEIRINO,
KRV, OFRORICEGLEC S HT L BRLTVED, —F, Carsond 1433953
ppm 1 B¥ff), 52 &85ppml54}, 125&164ppm 5 FRED A X Tid~< b 2 0 » MEH L /MR
REBHEMIENT £ %, Wagner 52141 ppm & 25ppm#% | H 6 B§IH18> ARG RE Liz4 X TIA 6 @
MBEHTEACHHD e & WS LT, Chb0T & RREAE, Y2 L THYESOR
LT L > TNO, DI, ME~DHBHEBSRETHALEEPTHL TG, 2 BEBICELTE,
Buckley 5 '"i%, 15ppm26, 33, 0HMIEBEOT L E o b T, B, BOLDHEHEOESE %, AL
~ { Buckley % i210ppmNO, 32 HERB CIF D7 v F 5 — ¥iEHD LR %, 12AEE CHO, 26
H5BOLDHO R 2& L1, 20L& 51T, NO, OIFRSELINORSRES & MK, [miE~Df
BERRTIBYERHESDEH, TOBRERBFRTHT UL~ BULRBIELY, BEDQLIS
RHZEBBNENAL S,

LZAT, SEOERMREE L b TIREROBY, BRI UFHICHC N, EERORE
BBEoBECRELP AL, TERBOREBESHZ ETHEPLFETHEEVDATV S, LIZ
$-T, NO: OREBHERICRAILES, BRAEHOESEIILITLLBTFRHIINS, 3561,
NO,OBEHESE0 L5, HLUAD L ORBICHESER 2 »AHLEAIE, BE~0FED
2higE BT 5 ) CHRMEEZERAT AL RBEYTHS 5, '

277, NO,OEE~DEEB2EETIDO—FH LT, NOEBHDOMEHRIZ T,
BRBENFEEC hEt LT,
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A&

JCL | Wistar R 7 » F %0.04, 0.4, 4ppm®DNO: K9 B FISHARBEL. WHER2S
HEBFFOULE L, 2 MR LIOTRISLD S » b 2HEA L. REBETHES -7 VERT T,
IR SERM L, ~/¢) L ie M8 LT, ~o%) w20 T, R (RBC), A2
b2y ME (B, ~2 2 eV R (Hb) AR ->THEL, VARMBER (MCV), T
FROERMEFER (MCH), Py MR Mt KBE (MCHC) 2HH L. Mo T, ik
(Glu), 7V b 3 —+ (Ald), SLEEDE/K%ERER (LDH), 7L 7F ot 2k %+ —+ (CPK),#64% o
27 (TP), ¥ V2 VB - AX Vo NS 27 14— % (GOT), ¥ ¥ I LB AV LER
F3v27 53—+ (GPT), &2V 2570— (TCh), 707 ¢ v (Alb), MR FEEF (BUN),
FARVFR7 r&—¥% (ALP), BE2 ) 22535+ (ChE) % M8 S8 HTEBGEMSALEC
(Electronucleonictt) %2{#H U TRIE L. AIREERVBE LAELHEIIR 1 OB THE,
T RMERDBESEM %2, ~/¢U o M%EAWVT, CPC (Coil Planet Centrifuge) fE#% B THIE
Uiz,

1 ERRREONEHE R KBS & fIES

Table 1. Chinical examination.
Components, abbreviations and methods.

Component Abbreviation Method
Blood
Red blood cell RBC
White blood cell WBC fBirker-Tirk
Hematocrit Ht Capiltlary
Mean corpuslar Volume MCV . .
. Wintrobe’ s
Mean corpuslar hemoglobin MCH ]
Mean corpuslar hemoglobin eoncentration MCHC Constant
Sera

Glucose Glu Hexckinase
Aldorase Ald Bergmeyer
Lactic dehydrogenase LDH W-L-Henry
Creatine phosphokinase CPK Oliver
Total protein TP Biuret
Glutamic oxalacetic transaminase GoT* Karmen-Henry
Glutamic pyruvic transaminase GPT** W-L-Henry
Total cholesterol ) TCh * CHOD/FHP
Albumin Alb BCG
Blood urea nitrogen BUN Urease U V
Alkaline phosphatase ALP Bessy-Lowry
Cholinesterase ChE Ellman

* AST I Aspartate aminotransferase.
* % ALT ! Alanin aminotransferase.
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B =X

RBC, WBC, Ht, Hb, MCV, MCH, MCHCO RE B ¢ ERPM A SBLoB 1 HED
EReE2, S2OEOBREEZIILRLI,

§1EEOERTIE, 9 A 4ppmNO,RET, MCVAHITERE & Jile L THE (P<0.05) %2
BN L, 185 HE0. dppmRE T, WBCHHERE & Ha L THE (P <0.05) (WD L1z,
&2 HEOEBTIX, 95 H80. 04ppm & 0. 4ppmBEEE T, MCHC A FEE L KB L THE (P <
0.05) A %R LIz, F 72185 A 0. 04ppmEEE T RBCA (P <0.05), 0.4ppm RFETRBC
(P <0.01), WBC (P <0.001) A»SsiEBHiclbE L THEIZED L,

2EOFERE b0 4ppm18 AMRR T, WBCHHR WD 2R LT,

Glu, Ald, LDH, CPK, TP, GOT, GPT, TCh, Alb, BUN, ALP, ChEQOZEME L 7
BRI YT LOBIEHOEBER2E 4T, F2HBOERERPRS WKL,
H1EEOEETHE, 9 AR 04ppmBRE T, GludSHFE! & ik LTHRCHEM (P <0.001),
AlbDBEEIELD (P<0.05) L, 0. 4ppmBHET, GludpsHE (P <0.05) wkighn, AlbdHERE (P

# 2 NO,#=xREMMEScRITTEE (551 [MBEFRER)

Table 2. Chronic effect of NO, exposure for 9 months and 18 months
on blood components

A result of 1 st examination,
m+8D, n=6, % P<0.05, %% . P<0.01, *% %% . P<0.001

NO. Concentration
Control 0. O4ppm 0. 4ppm 4 ppm
RBC {Xx10%) 9 9391199 750158 760169 720110
18 852+124 8731169 850197 755473

WBC (X10%) 9  41.3%15.6 54.0%5.9 §6.0%+6.3 39.0%6.8
18 64,7%8.6 61.818.0 44.8+7.5* 77.3%8.5

Ht {%) 9 47.0+1.7 47.3%1.3 46.4%1.9 47.9+2.0
18 46.6%2.7 43.41%4.5 44.444.9 44.5+2.9

Hb (%) 9 15.4%1.6 15.0£1.0 16.61+1.3 15.3+1.2
‘ 18 17.6+1.4  15.9%1.9  15.94£2.3  17.4%1.5

MCV (x®) g 51.9%10.8 63.2%3.9 61.4£5.1 §7.619.7*
18 55.6x7.0 53.4%5.8 51.842.8 59.2+4.2

MCH {pg) 9 17.0%3.8 20.0+2.3 22.04+3.3 21.6+3.8
18 21.3%4.3 18.612.8 18.6+0.9 22.9%0.9

MCHC (%) 9 32.7+2.9 31.7+£2.7 36.7+2.7 31.9+2.0
6 35.741.9 38.9+2.3

18 37.8%3.2 T 36.5%1.
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£ 3 NOWAZBHMMARS KT TRE (552 PIEEBRER)

Table 3. Chronic effect of NO2 exposure for 9 months and 18 months
on blood components

A result of 2 nd examination,
m 3D, n=6, %! P<0.05, %% ! P<0.01, % % % . P<0.001

NO, Concentration
¥ Control 0. 04ppm 0. 4ppm 4 ppm
RBC {X104) 9 9744203 917£171 840102 926160
18  1071x220 830£129* 788 +135** 956+116

= WBC (x10%) 9 45.7£16.0 40.2+£13.5 46.3+9.2 48.5+11. 8

18  43.818.6 33.3£10.8  21.4%3.6%** 45.9+16.8
Ht (%) 9 45.4%5.9 48.5+1.6 48.7£1.6 47.84+1.8
18 46.540.9 48.1+2.0 46.6%5.2 47.61+4.1
Hb (%) 9 16.4+1.7 16.5+0.4 16.1+0.5 16.8%0.5
18 15.9%1.8 15.741.1 15.3+2.0 16.8%1.6
MCV (y®) g  46.7%8.3 52.9:£6.6 58.017.4 51.6+4.8
18  40.8%8.5 59.4+8.7**  69.2%16.5  50.3+5.5
MCH (pg) 9 16.5+2.9 17.210.6 18.7+2.8 17.3+1.2
18 13.8x2.5 19.2+2.8**  23.0+6.0* 17.741.8*
MCHC {%) 5 36.2%1.6 33.9+0.9*  33.7X1.1*  35.1%1.9
13 34.2%3.9 32.6+1.3 33.1x1.1 35.2+0.8

<0.05) KM L, 4 ppmBERTIZ, CludStiIEE: & Wi L THEITEML, GOT HHE( P <0.05)
A Lz 185 B0, 04ppm REE TIXGPT A3, 0.4ppm S8 T BUN &%, 4 ppm R Tk TCh,
BUN, ALPHHEE (P<0.05) i Uiz,

B2OBEOERTIE, 9280 OdppmBEHE T, WEEF &L TG (P <0.05), TP, Alb,
BUN (P<0.001),ALP (P<0.05) »#EERHEML, 0.4ppmBHE T3, Glu, TP (P<0.01),
Alb, BUN (P<0.001),ALP (P<0.05) ¥EHEBIHEIMML, 4ppmBE T, Glu (P <0.05),
TP, BUN {P <0.01),Alb (P <0.001) HEEML, GOTHEZ (P <0.01) kb L1,
F 18 AR 4 ppmBEEE T, ALPOSHIEEE & BB L THE (P <0.05) e Ui, '

ZEDEERE $120.04, 0.4, 4ppm 9 HAMRAR T, ClurERaigNER L, 4ppm I AR
FBTGOTHERICHL 2R, T4 ppm 18ARRRT, ALPHHEARD 2R LI,

. i, RBC, WBC, Ht, Hb, MCV, MCH, MCHCIZ-2\ TR O F-HaE %100% & L 128
D9 2 AMBBROVHEOE2E 1T, 180 BEKBROTLMOELER 2 GRLIZ, TO
RT, ERIFE—NHOXBERS, HBEHE_AHOEREELTT. I 0AMRERTRIEL IC
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Table 4. Chronic effect of NO, exposure for 9 months and 18 months
on clinical bipchemical examination in sera of rats

A result of I st examination,
m+SD, n=6, %@ P<0.05 #*.P<0.0l, %% @ P<0 00

NO, Concentration
Control 0. 04ppm 0. 4ppm 4 ppm
Glu (mg,/100ml) 9 150%12 193£17%** 204450 181+14*
18 149%13 13616 153411 162114
Ald (mu/ml) 9 68.3%14.1  68.2+45.7 61.0+11.5  56.0+16.5
18 31.3%4.7 30.816.1 38.247.0 30.3+2.4
LDH {mu,ml) 9 923+298 914 +272 8614177 733:£380
18 1123+332 1077 +:337 1107 +242 1046 +202
CPK {(muml) 9  958+304 8641154 7171335 7521285
18 9524506 1212+718 12764378 8734180
TP (g,/100ml) 9 B8.96%0.21 7.95+0.98  8.02+1.10  7.66%1.76
18 6.72%0.21  6.76x0.25  6.61+0.27  6.54%0.10
GOT (mu,/ml) 9 115438 135460 12026 10127*
18 1179 115426 130443 122439
GPT (mu,ml) 9 32.8%15.0  38.8%12.5  36.7%8.5 30.3+5.1
18 32.1+3.6 28.1%1.2*  32.0+4.8 27.9%3.1
TCh (mg,”100ml) 9 114t 9 103£19 91423 © 95+20
‘ 18  90.9+10.1 - 81.0417.5 79.0%11.5  7I.0£5.4*
Alb (g/100ml) 9  4.40+0.53  3.65%0.36* 3.68%0.33% 4.40%0.32

_ 18 2.88%0.00 2.7840.08 2.82%0.13  2.82+0.05
BUN {mg/100ml) 9 27.3%2.7 25.345.0 29.0%3.0 27.743.8
18 18.6%1.4 16.341.1 15.8+0.8*  15.6+0.9*

ALP (mu/ml) 9 60.2+11.1 61.5+16.5 61.8%£27.8 51.2+13.7
18 74.8%7.8 60.0%£16.9  62.2+12.1  53.0+10.1*

ChE (mg~ml} 9 10141304 10281275 1021151 11244267
18 779+t227 5644128 624 105 508433

T4 & At BB L T, RBC%0.04, 0.4, 4ppmT 2 EOEEE SHPHEm%Z, MCVA
0.04ppm, 0.4ppm & 4 ppm G, MCHA0. 4ppm CHEIMEE 2R L 12, £I180BMAIRR T, K2
1t & 520 4ppmBEROWBCH 2 BIORE & $ WHELF P ER LI, £/, Glu, Ald, LDH
CPK, TP, GOT, GPT, TCh, Alb, BUN, ALP, ChEz2>\ T B Ol £100% & L
19 HARORBR O 2R3 IL, 180 AMNRBRHOTHEORLER4IGRLI. B2 L
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# 5
Table 5,

NO, # 2B MERTCRIITHE (F2 (HEBER)

Chronic effect of NO; exposure for 9 months and 18 months.

on clinical biochemical examination in sera of rats

A result of 2 nd examination,

mES8D, n=6, %! P<0.05 %% . P<0.01,

% % %k [ P <0.001

NO. Concentration
Control 0. Odppm C. 4ppm 4 ppm
Glu (mg, 100ml) 9 109+32 161 +20* 157 9** 1481+ 7%
18 164141 162110 169+ 24 159+43
Ald {mu,/ml) 9 57.7+19.8  43.0%13.0  42.2+13.0  55.4%+14.2
18 29.8+13.1  31.9+6.2 35.6+11.8  43.2+26.9
LDH (mu/ml) 9 8891514 8091286 805348 9884245
L18 7794348 8154301 ' 8984316 7294344
CPK {mu/ml} 9 BOTH395 733241 6811299 1023+169
18 8661519 781£172 10121447 12084824
TP (g100ml1) 9 6.59+0.38  7.66%0.13*** 8.07+0.18** 7.25+0.19**
18 8.07+£0.88  7.99+1.06 9.16+0.77  8.43%1.11
GOT {mu/ml) 9 127146 111434 99431 75£13%*
18 105+30 138+103 94+18 82116
GPT (mu/ml) 9 32,2+17.0  33.3£13.0  23.745.7 22.2410.4
18 24.249.6 24,3%2.0 19.3%5.3 19.8%6.1
TCh (mg/100ml) 9  81+33° 103£11 10921 98+13
18 109+17 92429 109423 110%15 -
Alb (g 100ml) 9 3.13£0.08  3.59:0.13*** 3.7240,20*** 3.52:+0.09%**
18 3.06+0.23  3.23+0.35  3.5840.27** 3.2130.12
BUN (mg/100ml) 9 15.7%1:1 32.4:H0.6*%*% 24.3+3.9 *** 19,241, 4**
‘ 18 15.4%1.4 18.242.9 16.842.8 15.4%1.5
ALP (mu/ml) 9 43.7+15.0  68.7+18.4* 65.2+11.3* 52.3%12.5
18 68.7%16.7 52.8+10.3  61.3%29.6  43.518.0"
ChE (mg,/ml) 9 7624248 434+165 10374212 | 849124
18 673%131 602105 7501388 713+123

'

ik, REE 1 BEORS?, WRIE 2 HBOXBRRERT. S PAHERKETH,

™3 R

T4 AR & B L T, Gluds0. 04ppmll E CEEESEIN%Z, GOTHS4ppmT2EOEER & §

FREIWD 2R LTz,

& B ERE LMY &, 0.04ppm & 0. dppm TRUVEM 2R L1,
CPCHiIC X hRMERDMETINEE, F6 IWRTL A, 9 »HM, 180AMBEL L, FBREIC

—247—

Tiz1sh-AMBRciR, M4 iwRTLHiIc, ALPH4ppmBER T2 BAOEER




0.04ppm 0.4ppm 4ppm

MCH

HCY

B 1 NO,9»HARESBCEIT2MERTc RT3

Fig.1 Chronic effect of NO» exposure for 9 months on blood components
.of rats '

Data are expressed as percent of control,

solid line ! 1 st experiment, dashed line ! 2 nd experiment.
0.04ppm : 0.4ppm dvpm

MCHC RBC

Ht

Hh

B2 _NOﬂS@HEﬂ%é‘EMBUzumz?ﬁﬁﬁﬁ:‘r#c&efﬁzg

Fig.2 Chronic effect of NO, exposure for 18 months on blood components
of rats

LY

Data are expressed as percent of control,

solid line . 1 st experiment, dashed line . 2 nd experiment.
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B 3 NO,9»AMKBITE 5 MRS EITTEE

Fig.3 Chronic effect of NO; exposure for 9 months on clinical biochemical
examinations in sera of rats

Data are expressd as percent of control,
solid line : 1 st experiment, dashed line . 2 nd experiment.

0.04ppm . U-tppm

B 4 NOI8hHAMSRICH T 2 MBS ICRIETHE

Fig.4 Chronic effect of NO; exposure for 18 months an clinical biochemical
examinations in sera of rats

Data are expressd as percent of control,

solid line : 1 st experiment, dashed line ! 2 nd experiment.
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Table 6. Chronic effect of NO; exposure for 9 months and 18 months
on the fragility of the blood red cells

NO, Concentration .
period Control » 0. 04ppm 0. 4ppm ' ;‘ 4 ppn'; '
9M Start  105.041.6 . 103.243.1  103.8+2.1  103.2%2.0
Max 85.240.9 84.8%7.0 84.743.4  BA.5+3.9
End 64.7+1.4 63.8+4.4 62.842.5 65.0+2.7
18M Start 99.5+4.4  102.2%2.1  103.3%1.4 99.7+3.2
Max 76.245.0 77.842.0 79. 042, 6 77.5%+2.0

End 60.0%3.3 59.8+3.4 = 58.8%3.6 59.0+4.0

PSR I N2 ST,

z B

NO, REHEBREYO MK E & FMFRICBESE/ 2B T LRTTRREINATVS
#,X%ﬁ@&ﬂmﬁ%OA,4mm®¢5@&%5@Mh%§ﬁﬁ%ﬁbt%%ﬁ%,MK'
MERAOBFEE SR 2T T EMHEG M T -1, S, NORBE2 2HFEHIEL
tohs, BEBREENTRTL O, S1EHLH2 EHORERESHT L b —BUSVEB & 85K
anhts, COBHELT, WEORESE LEEBMIGR~sh TV AL ST, B HELE2MH
B RBE 5 X CBBMAR 5 T AT 5 LA, HEICE-> TREBL®TLLDIC,
AEBO L 5 HEMERLICh 3EBE T, NO,REUNOET SREECHBERIZLTL S
AIAEHE B B TR0, L Lass, BIFELS 2 BHOERT: b KEFLBLERLE
mm(mT(gmHﬁiﬁ)&WBcpr(wmaﬁiﬁ)umxm&ﬁ%@%%ﬁ?anww
gl E B b LR,
*EKEMQﬁQEEWB%ﬁﬁtﬁwU/ﬂﬁmﬁwfﬁ%%iTac&bT%6twbﬂ
B, BHESERTESORS IO A MERE SRR T 5 2 LMo N TWLA L, HIMERE DR
ST ABEBHIZOVTERIRLE G, VTNl Th, BEREZBWVEVEEBRTRE I N Zb 12 L
ik, 18» AR ZEBPEEM, 7+ L — NOBEYPRSE b3 ICiTh I L & 2REL
Tk,

65 I MR ORI R R T ARTFELT, 1) MtEs BRIV E 7 Ko, 2) KR
TOF I ~FUNR, 3) HBRS L2 X 00y 2L ORERET, FTHINAERLL
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T, B B, AW, PIERERE 0K S S BIENEL2RE Uz, EEOFZ 28t 5 ppm
~20ppmZ4BS R RREER ' CLEE AN, T b TORMEE L P TERIN TV AT M &
FRRICEB A< EDICOVTIEHRN2PEL, ZORRE FERRTOEBOMHEICE > Thrsh s~

ETHD5, . ,

BRI E B2, GOT, GPTIdE bic, MAEHBEHTH D, %0OMme EFHET aRE s hiz
Mpas bR OHEEERTAZHEEALA, FF, O, BIEESZSIcELVENETET
L0S, ZoGOTREMER ISV T RO ER LI, COC L, BKREMNES Y
TRMIRT 2 L RRR TS BROBUBUETH S5, ' '

INETERTEEORBHEE R, BROK - EEEMEAL LTRAA SN, ZOHREH
LEHESEREORMRRE 2T 2 Lbh 20, AR BN REREEEOTE 224
35, BEL S BERBREERIES CRIRT 5 C L BB TELL, BBt h LR
HBNETHELEALNE,

30 B X M
1) Gold stein, E, N. F. Peek, N. J. Parks, H. H. Hines, E. P. Steffey and B. Tarkington (1977)
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“ELERENRBOS v FCREFTRE
—ME7 1 v L—
Effects of Lorg-Term Nitrogen Dioxide Exposure on Rats
#lsoenzyme Profiles in Serum——
=m0 & e
 Takashi MIURA 'and Kunimitsu KAYA'
B2 ¥

NO,; 25 v it 9, ISOARMRRLIME 7 1 v+ 14 s RITTHE 2RI LT,
PP F R ARF S - LEEAO [HRDIOF S, 4ppmNO, BHEEILAET
SHREAD118% ~ 138% MY BEA BT L 1285, 0. dppmNO, R# Ti348% ~ 70%
RETF U, 20L& 5 LEONIRESOHGRING, REEISHARTEBE s,
Fan MR RT 7 5 - EEERO (1 +1) MEDOHER, 4ppmNO REIET
9»AHE, 18»AEE b ICHHEL 0 EMERISEY bnts, £, REBEOET
BRSO G 38T 2 alfEME P E L S,

Abstract

Isoenzyme profiles of rat sera were examined for evidence of effects of NO,
exposure on rat tissues. 9-months exposure to 4 ppm NO, seems to result in an
increase in the ratio of type I creatine phosphokinase activity to the total one. On
the other hand, 0.4 ppm NO, caused a decrease in the ratio of ‘.cype T activity 9 and

18 months after exposure. The ratio of activities of type (I+1I) alkaline phos-

1. ENLAEHMEA REETEE T305 SRS s mReT/ NI 16% 2
The National Institute for Environmenta! Studies, Basic Medical Scineces

Division, Yatabe machi, Tsukuba, Ibaraki 303, Japan
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phatase also seems to decrease ¢ and 18 months after exposure to 4 ppm NO,.

LA -
BWANICI, B—0E 2RI T 2 B EENRBEEORL L 4 L ) BOHEEVH LI

INTVE, THHBEDHZ  DIBRICEENT 74 VFA LELTEELTED, BHE -

o515 e MBHRHEHT AT e B AN, HEL OWESFIA U CRERRERE(LF SR TF
AEsnRenTna"™, e oBSilllRO 7 1V ¥4 6 8RBT 0813, WRKREORIIIC
FIATE2 EREHOELEFE L - THBORE S THEL L -T2, BA 3 ThE TRNO, DHE
HEOBI L ZOER LS - IRB2HETAE00 5, 7 FiC4ppm®DNO, Z10BMRB LM
%m®74y#4b~¢—y®%ﬁ%Ebe%t“o%@%%,?wﬁuﬁ$x77¢—f,b
LT F b 2 F P - RS CHBBUKERR AP B o nil. APEETE, NO.RHRE
REZINOGBEOMBHT A v FA 238 - Ve RIFTHECONWTRELIERLTELI.

Y B

NO;2REBLII—H6ILD 5 » b OB 5~/ LFEET CHELHEL, 800xg 103H D
BLETOLELMEE LTHEBILT 4 V¥4 20 IER LT,

74 V¥4 AORER, M0 3—0.95u%3 50U BAKBHBERICEL T2V -2 T
7F— FERIRT U 4° TRRRE 2 HOERRBI L b 1T o, BREASBR T v xR 774 —
EOHEA A /BE0.0TD b Y R — L 2 - UBEHIK (pHS.8) H1T, 180V, 5 mA/emT6053T -
tro ZVFFLRATFF—F, A4 HE0 0280F USRI TIS0V, 5mA/an 105 Rk
eIt BRABET LS VEEE R 7 7 4 — € OFEHEREIE Fritshe 6 O 128 L TiT-
2o YV 7FARK+F —€idSomer and Konittinen®TTHE 1T & » THEHEPRE 21T - 12, 1
HREERTo e ve -2 727 — MRAAZ#~ L 787 v b 4~ 4 —~(Helena Lab., Beau-
mont, Texas) Lk WiEMERDIZ, 74 V4 ARDOEEIR, FEHY -2 2hiRsER
BEIET B C &L > TR, |

. \

HBRs L UBRE

4ppmNO; %5 » FRICHERBET 2 &, ME 7 L7 F ok Xk %5 — ¥iEHARO [ RS OF
B4 5 BHE THEMICRNL, SEEURETT 3 C L 2aicsnTHLbrR LI 22T,
NO.BHRBIcL25 v FE /L7 F ot F 4+ — ¥ JRHFOEFIZOVTHREIL, 20Ok
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NO®&EickL 24 L7 F b AR+ —EiFHAFO I BRSOEE

Table 1. Changes in type I CPK activities during exposure to NO,
CPK activities were determined as described in Methods. Type I CPK
activity was shownas the percentage of the total CPK  activity and
values represent average = SD. Parentheses show % of the contol
counferpari. ’

Control 0. 04ppm ¢. 4ppm 4 ppm
9 months
Exp. 1 14.3+3.9 11.5+2.8 10.0£5.9 19.71+8.3
(100) (80.4) (69.9) (137.8)
Exp. O 11.3%3.7 22.3%5.1 5.4+2.2* 13.3x4.2
{100} (197.3} (47.8) (177.7)
18 maonths
Exp. 1 13.8+5.1 5.7x1.7 5.242.2* 13.3£4.2
(100) (41.3) {36.2) (96.4)
Exp. I $.313.6 15.7+500 9.2 £2.5 13.245.1
(100) (168.8) (98.9) (141.9}

* P<L0, 05 significance from control.

# 2 NOREICE A7 vn VS 2 7 7 & — ¥TEIEH OFEBEIR S DEEH)
Table 2. Changes in fast-moving ALP activities during exposure to NO,
ALP activities were determined as described in Methods. Fast-moving
ALP activities were expressed as the percentage of the total ALP
activity and values represent average + SD. Parentheses show % of the
control counterpart.
Control 0.04ppm 0. 4ppm 4 ppm
9 months
Exp. 1 19.8+2. 4 22.8+2.1 24.715.6 18.8+2.2
(100) (115.2) (124.7) (94.9)
Exp. 1 28.313.5 21.1£3. 0% 22.7£3.1* 26.3+3.7
{100} (74.6) (80.2) (92.9)
18 months
Exp. I 19.445.9 12.4%£3.5 13.7£3.2 17.4%2.6
(100) (63.9) (70.6) (89.7)
Exp. I 29.9%4.3 27.6%8.0 23.2£5.3 26.3+4.3
(100) {92.3) {77.6) {88.0)

* and ** show P<0.05 and P<0.01 significances, respectively.

—255—




15L

1% =
el
4
-
=
ot
+
8 sp
3
E B
B 0 [ [] I L
[(}]
i
W
o 10 =
&g

5 b

A
0 '] 1 [ Ny
c 0.04 0.4 4

NG, Concentration (ppm)

B 1 NOZBIRELAIESIFIMr AL VKRR T 7 2 - EIEHOEE)
AT IERS, B [805

Fig. 1 Changes in activities of types I and [ alkaline phosphatases
18 months after exposure to NO,
Activities of types I and II alkaline phoshatses were determined as
described in the Methods. A and B show the ratios of types 1 and 1
alkaline phosphatases, respectively. Each point is the mean of six
determinations. Error bars represent + 2 SD.

BheFIKTLI. 4ppmNOBBEIL, 180AREE 1 NEHOERER 2R I NERCHLT,
117.7 %5 5 141. 9% E B WOAZTR U e 2O L 312 4 ppmNORTEIT L - TilE AT ] B 2318
T ABEASTR I NI, FELEREDShLL >, THRKLO0. 4ppmNO,REBEIL, 9
A, BrARBO2TOERCBVTHNEBRL VEVEEZRUI. [RETOETHEIR, 1.1%5
63.8% & VRILVEB 2R L1283, 9ARBOE 2RIEE L FI8 ARROE 1 BB OHRRITH L
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THBIEF L. 0.04ppmNO. B E# I3 [ BB O Eic—F OEB 7R & oo 1o

M7 R ) ERART7 7 7 — YO IERDOHEZ, 4ppmNORZRickL W EEHL 7 HBIwE
FRIEBINT 52 2BV TELbICLEY 9 ABL 0180 ANO, REIC & 2 #8871
HIYERR T » 2 —CEHOEELF 2ICRLTz. EERI AR VR 2 7 » & - EIEEOH S,
0.048 & T°0. 4ppmNO, 9 > AREDHE 1 B HORBMR 2R VT, RTOREH CTHRELL 0 (£
@&ﬁuto%ﬁﬁﬁg?®éf®¥ﬁﬁ%®$ﬁﬁﬁAu&m&Mme%bﬁﬁwﬂbTMA
%, 88.3%, 86.5% & /2 hEVCRBERE CEVEEETRLI. 7y FORBIGIRERICRLIIL 5
fit, BREEALNA IR AN Iy + X7 7 4 - CTEUSEET 2 Y g1ficBE L2 ~ 4
PRGZy FOMETRIMSL N7 A VAR 7 7 4 —EEMEAHRIH S N8, TRIRS
OFEHIEBH I e o iz, AFRICACT 9 AR LD S » FOBE, TRIEIZMS 3icl
BrAh)HhzT >4 - CEELREIND L BB o1, 30T, Zowwk Il o In
WoOEE2RBB E UTRUI, K1iC, NOZRISLAEO Mk FIREIOE7 v Y
a7 7 & ~EEEICTT AR 2RI 0.04ppmis L TF0. 4ppmNO, SEEEME I T Mas L o 1 B
Fsr & S IcBE L DIEERRL 72, 4 ppmNO, R FERIZ TRR D TIHEOH T BB Tibg
%A1z, , :
HL@%%@%,7v7%y¢z7x#f—f%ﬁ¢®l@ﬂﬁuNm%ﬁ®Qmﬂﬁ$ﬁmm
ABT 4 ppmDBEEFOE 2R EB SRS 5 N1, 0. 4ppmDEESHIEE L h{EMERRT T &
BHOPEESz, CDT LI, 0.4ppmNO,HFEH 9 A, 180 A it T B S Mg e
BT 5L RRBLTOWED b LW, FREOEBNIGERR 7 A h U itkk 27 7 & — €75
KOWT BB SN, NOZEISBHTIE, 4ppmNOREHRO I8 L X IERS O
0.4ppm#3 & T¥0. 04ppmN O, RFEH D MBI DM AlfEEASEZE A SN 5, 4% 3 5 N0, RIS
BIL - TEBRT A MO 7 4 2 F 4 2220 TEBESL T, HE2Z T 2EBRORFE LT
EBBEDHE LA,

Bl B X Wk
1) Galen, R.5.{1975) : The enzyme diagonosis of myocardial infraction. Human. Pathel., &, 141-
155.

2) Stolbach, L. L. (1969) . Clinical application of alkaline phosphatase isoenzyme analysis. Ann.
N.Y. Acad. Sci., 166, 760.

3) Roe, C.R., L.E.Limbird, G.5.Wagner and S.T.Nerengarg(1572) : Combined isoenzyme analysis
in the diagonosis of myocardial injury.J. Lab. Clin. Med., 80, 577-590.

4) HEAE - SR B WEADE . S 201979 15 o O T A V4 L0y — iR T B
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5) Fritsche, H. A. and H. R. Adams-Park(1972) : Celiulose acetate electrophoresis of alkaline
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6) Somer, H. and A. Konitinen{1972) . Demonstration of serum crestine kinase isoenzymes by
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“HLERRMEROS y FIREZTEE
— ML VHCETET2/08F4 88—

Effects of Long-Term Nitrogen Dioxide Exposure on Rats

—Glutathione Level in Lung and Blood—— ~

mHE B!

Meiji KAWATA®

g 0k |
M 3 & KR ONPSH & GSHRIZNO BRRICEEHE 0 C 2oLtk - Tl D3 52

ZALNE, 4ppmBBHICHITZMONPSHEGSHEIZ 9, 180 AMRE & ¢ o
BEEOHNII5~130% &5 b, wTFhiFEIENL. SEROBHBREGORE L,
4ppmNO, M (106R), HE (48R, 3»AM) REOKELEALPELL,
4 ppmNO. RFE TILAONPSHE S BIAMES & b St TRB#ic—EE
WEL, 180 BRI n, LEESbe bl T8LELLN S, S0 BE
Bl TEL» L, BrANEETEESRLRIIO BKROBETH > 12, (1)
NO: 0.4, 4 ppm 18> A BT ICHO T, MBEHONPSHEGSHEIREFT 2 Mm%
Utz (2) NO.0.4, 4ppm 180 HMBREC BT, 0K 7 V¥ 74  BHADGSSG

SEREI®INT AEMETRLI.

Abstract
‘The effect of long-term NO, exposure on glutathione level in blood and lung .

. of rats was studied. Rats were exposed to NO, of 0.04, 0.4, and 4 ppm for 9, 18, and

AL EAAEFIFEER BEAER T305 IR ETS BEEr /g 1116E 2
The National Institute for Environmental Studies, Ba§ic Medical Sciences

Division, Yatabe-machi, Tsukuba, Ibaraki 305, Japan
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27 months. Nonprotein sulfhydryl (NPSH) was estimated by the Ellman reagent
(DTNB), and GSH or GSSG was determined by the enzymatic method based on
the catalylic action of GSH or GSSG in the reduction of DTNB by a mixture of
NADPH and glutathione reductase. The levels of NPSH and GSH in blood and
lung of control rats were decreased on aging, 18 months exposure of 0.4 and 4 ppm
NQO; showed the tendency of decrease in NPSH and GSH levels in blood, while 9
months exposure did not affect on their levels. The GSSG level in blood was 1~2%
of total glutathione for both control and exposed rats after 9, 18, and 27 months
exposure.

The NPSH and GSH levels in hing of rats exposed to 4 ppm NO, increased
significantly to 115~130% of control after 9 and 18 months exposure. The

experiments of NO, exposure to rats (acute : for 10 days, subacute : for 4 weeks

and 3 months, and this long-term : 9; 18, and 27 months} give the following results.
The NPSH level in lung of rats exposed to 4 ppm NO; increased rapidly to attain
to a definite level after several days, and the increased level was kept for 18
months, thereafier its level is supposed to show the tendency of decrease on aging.
18 months exposure of 0.4 and 4 ppm NO, showed the tendency of increase in the

GSSG level in lung, while 9 months exposure did not affect on its level.

BUSHIE

BN L REERMEOT TRILESETANO, V%25, bovy ZILRET 5 LBLE
sraFd s (GSH)BOBIMT 52 VRS i UTLSHIESHTH B 4 V& F 7+ i L
(HTEL, BB ORETIcES T AmE L LTHISh TV 5, GSHIZE S ICE{L 3 h CE{LE
sasFALy (GSSG) IR AT &6, HEERITENT § NOREILE b GSSGEDORMHTE
xhBC L, BEENOICLAT » FORMRBERILEVT, BHMBTH 2MICHFET 5
GSSGELEL BT AR A B0, 2 RS L ) 2 0 O RRAET 5T LItk - T &
Sou Ut LSRR AIEL L8 7 HSHIESY (NPSH) ficid, GSHDMTW (oD SHIE
EMOHEET AL L BETRT RSB LATV S,

FREOL S ENOAMBRRICBVTRONIIETR B L CBIER 2 v 5 74 VB OZER), BT
GSHUAM DIESTSHIE M OZEHHBERINOBFICBV T LD L S BN MO0 TR BELD
TN,
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FEZ DL ENODEHEFBICOVTORRLIEE L & 2HME LT, 0.04, 0.4, 4 ppm NO.
29,18, 2 ARBRBELL T v F OIS L OFCHFET ANPSH, GSH, GSSGRZEIFL 2.
& HIZNO. Ak, Haiis L IR ROBENL 2 6 0 5 12D KA TR TIT-» 12 4

B L0 3pAEY ONOBEEROER L HEL L,

-

ABIE TIER 0IR LERM ThN 0T, CCTRIERB2E T H 55421082 T (9, 18, 270H
M) ORBEEBRSER1 L L, 53FE4LH (180BM) X541 A (9»AR) »554F10H %
TORBERPHEE2 LU,

EBR10D7 v MIRBHMBEFL VBB LI (9, 18, 2THAMBEEE) L8 (9, 2T HHRE
B) Tohh, RBR207» PRABEMIVRERFKLCE (9, BrAMREER) THs, £125
BEHLALr » 0Ty F2ABTEATHATL, (hEr-—nar o (RCELL, 9,
18, AR ICE T AR L, :

5y b MK L CHAONPSH, GSH, GSSGRIROFTEIC L DRMEL 12, Ty P2 F vx—
F A E DR L, B 2 SR 0 BT b IS S L, SRR 1B EE A (—80
T) R FELUT, ~3 ) AR %TT - DMK ONPSHENE 5, 5 —oF AR (2— = F o
£8)(DTNB) 20545 )k hEEL, GSH, GSSGRIRFVEFF L4 54 —%, DTNB,
NADPHAFVAEHE S 1 2 0 o sV ict bk fo,

EFEI1OILAMREHELBIT LS o Mo Tk, MoEH L LTEROEED 2hEILEh 2h
ZHF0. g2 BRH L 1o ENLAC 20T TEMOTE (Lung B) 83 (Lung D) %3
Brit, B825%F ) 2o oA THEBL, T2 32— b 230080 TE SN c LT
AFHNANPSHIZMBOBHE L 2HE""Pic L YRy i2,GSHE GSSCGRIINPSHR # I
LELGO MY 2o oBf B2 AVCT LECOBEEY 1 2 U o5 BICE YR T,

BRoER

i, MAEPICTEET 2T A2 F A ERBIIRIZITEE

NO 2 RBL 15 » MK ONPSHE GSHROREER 2R 1 55X 08 2 WRL 2,

O ATHERE (KEE1) KL T, REHOEIINBEIC{ 53X TNPSHTY3~108%, GSH
T95~108% DEFHMAICH b, NO, REEAC I U oW Rohad T, LD ELh 9 ARE
BTk, MEAHONPSHE GSHERRRIC L W BPEERI LV EELONE, LHETOVTOR
DiELEE (EH2) LT, r—s3 b o— AR ZEMONPSH & GSHEIIHERD

—261—




#

Tablel.

{u moles/m§ blood, m*SD, n=8§,

NOBREM 7 v P AADIEL L oy fSHAESY (NPSH) Bizhiz g

W (CEERlBIUER2)
Effect of NO, exposure on nonprotein sulfhydryl (NPSH) level

in blood of rats. (first and second experiments)

a) ! room control group

b) : values in parentheses indicate percent of control

* 1 P<0.05)

e) I two of three were the rats of the room control group

S Months Exposure {male}

First Experiment Second Experiment
RC® 1.3840.07% (101)
Control 1.2540.12 (100}% 1.3940.09  (100)
0. 04ppm 1.35%0.06 (108) 1.39+0.11  (100)
0. 4ppm 1.31£0.07 (105) 1.43+0.10  (103)
4 ppm 1.2410.06 ( 99) 1.38+0.12  { 99)

' # :n=15

9 Months Exposure (female)

First Experiment

Control 1.28+0.06 (100)
0. 04ppm 1.1910.09 (
0.4 ppm 1.3040.08 (102)
4 ppm 1.23+0.07 ( 96)

18 Months Exposure {male)

First Experiment Second Experiment
RC® 1.25+0.19% (106)
Control 1.26+0.09 {100) 1.18%0.10  (100)
0. 0dppm 1.20£0.13 ( 95) 1.08%£0.07  { 92)
0.4 ppm 1.1630.14 ( 92} 1.01+£0.11  ( 86)
4 ppm 1.12+£0.03 ( 89)* 1.09+0.12  {93)

# I a=15
27 Months Exposure
{male) (female]

First Experiment

First Experiment

RC a)

Control
0. 04ppm
0.4 ppm
4 ppm

1.16=x0.12 {105}

1.11
1.11
1.07
0.95

(100)
(100)
( 96)
( 86)

15
3¢9

Lot W I
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% 2 NORBHIy FKADBEALH A4 F 4> (GSH) Biupiz 405

(FEE1BLUER?2)

Table 2. Effect of NO, Exposure on reduced glutathione {GSH) level in

blood of rats (first and second experimenis)

(u moles/mf blood, mEtSD, n=6, * % % :

a) . room control group
b} ! values in parentheses indicate percent of control
¢) D two of thrée were the rats of the room control group

P<0.001)

§ Months Exposure (male)

First Experiment

Second Experiment

RC a)

Control
0. 04ppm
0.4 ppm
4 ppm

1.13£0.12 (100)%
1.2240.09 (108)
1.16£0.06 (103)
1.1410.06 (101}

1.35x0.00% { o7
1.3940.13  {100)
1.414£0.12  (101)
1.3940.20  {100)
1.38+0.16  ( 99)

§ Months Exposure {female)

First Experiment

# :a=15

Control 1.12£0.08 {100)
0. 04ppm 1.06+0.08 ( 95)
0.4 ppm 1.17£0.10 (104)
4 ppm 1.1140.10 ( 59)
18 Months Exposure (male)
First Experiment Second Experiment
RC® 1.24£0.19% (105)
Control 1.16£0.07 (100) 1.18+0.13  (100)
0. 04ppm 1.08%0.12 ( 93) 1.16£0.03  ( 98)
0.4 ppm 1.0440.1¢ ( 90) 1.03+0.11 ( 87)
4 ppm 0.95+0.04 ( 82)*** 1.0840.11  ( 92)
#.n=28
27 Months Exposure
{(male) (female)
First Experiment First Experiment n
RCY 1.13£0.14 ( 99) 15
Control 1.12 (100} 0.93 (100) 4
0. O4ppm 1.09  { 97) 0.80 ( 86) 2
0.4 ppm 1.05  ( 94) 0.91 ( 98) 1
4 ppm 0.94 ( 84) 0.74 { 80) 1
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# 3 NOBEHNS v FAKIICHFET 2SNV F 74 L HOBMILB V8 52

© (GSSG) AEERRIITHE (EB1 bLrEE2)

Table 3. Effect of NO, exposure on oxidized glutathione (GSSG) level,
percent of total glutathione in blood of rats (first and second
experiments)

(percent of total glutathione, m+SD, n=6)
a) ! room controi group
b) {values in parentheses indicate percent of control
c)  two of three were the rats of the room control group
9 Months Exposure (male)
First Experiment Second Experiment
RC® . 1.440.2% (120)
Control 1.510.4 {100) 1.220.1  {100)
0. Odppm 1.840.4 {120} 1.34£0.4  (110)
G.4 ppm 1.410.7 { 93) 1.0x0.1  { 80)
4 ppm 1.310.4 { 87} 1.2£0.1  (100)
£ :n=10
9 Months Exposure (female)
First Experiment
Control 1.6%0.4 {100)
0. O4ppm - 1.2£0.3 { 75)
0.4 ppm 1.1£0.4 { 69}
4 ppm 1.510.5 { 94}
. 18 Months Exposure (male)
First Experiment Second Experiment
RCY 0.740.2%( 50)
Control 1.1+0.3 (100) 1.340.2 (100)
0. D4ppm 1.4%0.2 (130) 1.440.3 (100)
0.4 ppm 1.2%0.5 {100) 1.5+0.6 (120)
4 ppm 1.5+0.4 (140) 1.6+0.3 (120)
#.a2=38
27 Months Exposure
{(male) (female)
First Experiment n First Experiment n
RC# 1.1+0.3 ( 90) 15
Control 1.0 (100) 39 1.4 {100) 4
0. 04ppm 0.8 (80) 3 1.9 {140) 2
0.4 ppm 0.9 ( 50} 3 0.9 ( 60) 1
4 ppm 0.9  (50) 4 2.6 (190) - 1
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{HD99~103%, BLFIT~101% & L hEE 1 & RS/ ER 2B,

W5 MSHAM (38 1) BV TiE, NEBONPSHEGSHER ¢ ARRE (E581) ©
HERBOEDI01%, 35X 06103% & 75 DALY b/ 1205, 4 ppmEt BB TIINPSH,GSH
B ICHBRBE~TERIZES L, 0 dppmBiR BV T 2hzhBEEASR 0, LDk
5 I REBE TG L T NPSH & GSHEDSB/DER 277 TAERAHER 2 180T 3D 511,

T ARRBICHE LTI, HEROET » FOEFRIZ1 Th- iz, v—s2 v bo—LEE
YORRLTIME L, FUTHEESLCHEROME Lz, co k3 2o AHKEOTHE,
ERHETEREHE:  KEEOT » FHPERFER I WFECLIIY, F— 2 2HEMICAET A &
T X Ko 1 D THE OV B A L 12, 270 AR BT 2N ME ONPSH £ GSHE,
WOCSHOB S 2H L, 9P HARBONBE OB OT0—80% & 8- 12, 72 4 ppm2THF H#
TR I3, M s § (CNPSHE GSHEREIIWBHE OKB0~86% Th» 12, LD & HNPSHE
GSHERBEE CBRa{ESLe & SCEDTAEE T s h, HIZERREOHINE > TR
Lt B &5 180 A SRR OB L B OER ST L 15,

m%¢mﬁﬁfaﬁﬁwa%1y$®6&m§%$®MEﬁﬁ%i3mﬁbt;%@2®wﬁh

b o - VROEPR E, CSSCATRIIKE L B UER 209, 180 JHBEOTRTIK
BOTHI~2%Thh, NS EBUTELR GNP -1, 200 AMBE TR, E7 5 +O
SEHOMIIWRBECE~TET T 2HEA%TL 22, BOBE TS5 v 30K E (—EOHA
R B AL - 1, '

2. MilCTFET 3T L4274 L ERICRIEITHE

NO:#FHE LTS » MEIONPSH E GSHROMERER 2R 4 51 05 URL 12, 9 b BIERSE
Tid, EB1 L EB2OTNTOHBSITHEOT, 0.04ppme 0. 4ppmBEEH ONPSH & GSHE N
FUBE DIE D96~103%, #8L 0F94~108% DFERILH b, NORERE LU EEIL Ron g -
t2o —7 4 ppmBERE ONPSH & GSHEIL 2 N Z MR O D116 ~126%, 114~125% & LT
tHECHEmL .

13 AMBRE T, ER1LER 2085 v McBOT, HEBONPSHE GSHE I 9 HER
B O B O DII90~100% ThH - 72, FBE1 & 210351 50. 04ppm & 0. 4ppmZEFEEE D NPSH &
GSHEIIXRE OB OB~104%, 93~101% /20, S0 BHABROBS L ARNER L R2EBHO
MicEidRohd -1z, —H 4 ppmBERICETIE, Tho DI ZN£0116~127%, 116~
124% E\WTh  GRICEM U2, ZOENEE 9 bAMKREOBICELIL I,

2T ARIRE TIL, ML 3 ICHBEONPSHE GSHE I 9 b ARIRE OB OED0~90%
rreh, MEIAONPSH, GSHERERKESLICE > TS TALEALNS, 7 v MTBIT S
0.04ppm, 0.4ppmBEFEBEONPSH - GSHE 2hZ N0 HE 0@ D102~105%, 93—110% & /2 H
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x 4 NO,B#EWI » FioIEr w2 ESHILEY (NPSH) BrREIZTRY
(Bl 5L RER2)
Table 4. Effect of NO, exposure on nenprotein sulfhydryl (NPSH) level
in lungs of rats (first and second experiments)
(z moles/g lung, mEtSD, n=6, % % P <0.01, * % * [ P<0.001)

a) ! two samples were taken from the right

arbitrarily

lobe of lungs

b) ! values in parentheses indicate percent of control
¢) . caudal lobe of lung
d) : middle lobe of lung
e) . two of three were the rats of the room control group

{A] First Experiment

9 Months E xposure (male}

Sample 19 Sample 2
Control 2.1240.11 {100}% 2,1310.10 (100)
0. 04ppm 2.0440.04 { 96) 2.08+0.10 ( 98)
0.4 ppm 2.0540.16 ( 97) 2.1740.13 {102)
4 ppm 2.4610.10 {116)*** 2.4810.12 (116)***
9 Months Exposure {female)
Sample 1# Sample 27
Control 2.0510.05 (100) 2.08+0.12 (100)
0. 04ppm 1.98+0.18 { 97) 2.0740.11 (100)
0.4 ppm 2.0940.13 (102) 2.13+0.16 (102)
4 ppm 2.5610,22 (125)*** 2.62£0.13 (126)***
18  Months Exposure {(male)
Lung B Lung D¥
Control 1.97£0.09 (100) 1.88+0.04 (100}
0. 0dppm 1,9840,07 (101) 1.94%0.15 (103)
0.4 ppm 2.0310.10 (103) 1.96+0.12 (104)
4p ppm 2.484+0.23 (126)** 2,40x0.22 (127)***
27 Months Exposure (male)
Lung B n Lung D n
Control 1.65 (100) 3¢ 1.74 (100) 3e
0. 04ppm 1.69 (102) 3 1.77 (102) 3
0.4 ppm 1.73 (105) 3 1.78 (102) 3
4 ppm 2.10 (127) 4 2.09 (120} 4
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Table 4.

(H5%)

(continued)

27 Months Exposure {(female)

—267—

Lung B n Lung p¥ n
Control 1.64 {100) 4 1.67 (100) 4
0. 04ppm 1.53 { 93) 3 1.96 (117) 3
0.4 ppm 1.36 ( 83) 1 1.37 ( 82) 1
4 ppm 1.63 { 99) 1 1.72 (103) 1
{B) Second Experiment
9 Months Exposure {male)
Lung B Lung D9
Control 1,990,098 (100} 1.960.08 (100)
0. 04ppm 1.95+0.10 { 98) 1.9840.10 (101)
0.4 ppm 2.001+0.06 (101} 2.0110.05 {103)
4 ppm 2.44+0,09 (123)*** 2.37£0,10 {(121)**
18 Months Exposure (male)
Lung BY Lung D%
Control 1.9540.06 (100) 2.00+0.11 {100}
0. 04 ppm 1.8740.08 { 96) 1.81£0.11 ( 96)
0.4 ppm 1.9140.11 ( 98) 1,8940.08 ( 95)
4 ppm 2.30+0.08 (118)™** 2.3020.06 {115)***



# 5 NOBEMT v MMiOBRTE S A 254 (GSH) Bicid v *
BlBIUER2)

Table 5. Effect of NO, exposure on reduced glutathione {(GSH) level in lungs
of rats {first and second experiments)
{x moles/g lung, mESD, n=6, % | p<0.05, #*%* P <0.0l, Iy)
% % % I P<0,001) '
a) . two samples were taken from the right lobe of lungs arbitralily
b)
‘ e}
)

I values in parentheses indicate percent of control
. caudal lobe of lung d) - middle lobe of lung &
¢) . two of three were the rats of the room control group

(A) First Experiment ) £

9 Months Exposure (male)

Sample 1% Sample 29
Contro} 1.7340.13 (100)® 1.83£0.17 (100)
0. 04ppm 1.784+0.06 (103) - 1.90+0.11 (104)
0.4 ppm 1.72£0.15 ( 99) 1.9810.12 {108)
4 ppm 2.01=0.15 (116)** 2.08+0.15 (114)*

9 Months Exposure (female)

Sample 14 Sample 29
Control 1.6910.13 (100) 1.7740.20 (100)
0. 04ppm 1.6440.21 ( 97) 1.68%0.15 { 95)
0.4 ppm 1.6910.13 (100) 1.74+0,22 { 98)
4 ppm 2.0610.21 (122)** 2.12+0.23 (120)*

18 Months Exposure (male)

Lung B® Lung D¥
Control 1.7540.12 (100) 1.68+0.09 (100)
0. 04ppm 1.73£0.07 ( 99) 1.6740.11 ( 99) .
0.4 ppm 1.7240.09 ( 98) 1.69+0.11 (101) Y
4 ppm 2,1240,30 (121)" 2.0840.22 (124)**
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% 5 (»J%)
Tableé. {continued)

27 Months Exposure {male)

(h - Lung B¢ n Lung D49 \ n
Control ©1.53 (100) 39 1.73 (100) 3e)

4 0. 04ppm 1.48 ( 97} 3 1.61 ( 93) 3

" 0.4 ppm 1,68 (110} 3 1.68 ( 97) 3

* 4 ppm 2.03 (133) 4 2.06 (119) 4

27 Months Exposure (female)

.
Lung B¢ { n Lung D% s

Control 1.52 (100) 4 1.56 (100) 4

0. 04ppm . 1.40  92) 3 1.71 {110 3

0.4 ppm 1.22 ( 80) 1 1.28 { 82} 1

4 ppm 1.61 {106) 1 1.60 (103} 1

(B) Se(’:ond Experiment

9 Months Expesure {male)

i Lung Bc) Lung Dd)
Control 1.98+0.05 (100)¢" 1.96%0.10 {100)
0. 04ppm 1.9940.11 (101) 1.8510,15 ( 94)
0.4 ppm 1,4340.05 { 97) 1.93£0.07 ( 98)
4  ppm 2.47£0.09 (125)™** 2.3240.16 (118)**"

18 Months Exposure (male}

Lung B® Lung D¥
Control 1.8940.03 (100) . 1.9240,16 (100)
; 0.04ppm 1.83+0.11 { 97) 1.7840.11 ( 93)
% 0.4 ppm 1.8740.09 { §9) 1.80£0,12 { 94)
4 ppm J 2.2640.06 {120)%** 2.24+0.11 (116)*
. :
- WEE & OMICERR SNzl 57005, 4 ppmBBEEICEOTIX AL OEIZ120~127%, 119~
130% &75h, 9, I8P EMRBOBE L ZEFRAEEORMEtH -1, ~HHS » F ONPSH &
# GSHEIWHEEDIEICK L T, 0. 4ppm B T80~83% & E L (IEF L7245, 4 ppmBETI1399—106% &
o, B INIIRACMEE -1, I

i MO V554 BHOGCSSGRAROHNTERHR PR 6 IR LI, EB1 L RE 2 OW o +
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R 6 NOREMS - MiiICHEET IR NI F A o HOBLBI Y VY F4
v (GSSG) aFFICRISTHE (ERIBIUEE2)

Table 6. Effect of NO, exposure on oxidized glutathione (GSSG) level,
percent of total glutathione in lungs of rats (first and second
experiment)

(percent of total glutathione, m*tSD, a=6, * [ P<0.05 ** ;P<0.01)
a) ! two sample were taken from the right lobe of lungs arbitralily
b) . values in parentheses indicate percent of control
c) . caudal lobe of lung
d) . middle lobe of lung
e) I two of three were the rats of the room control group

(A) First Experiment

9 Months Exposure {male)

Sample 1Y Sample 29
Control 4.0+1.0 (100)% 3.2£1.0 (100)
0. 0dppm 3.610.9 ( 90}, 3.9%+1.3 (120)
0.4 ppm 4.741.2 (120) 3.7£1.0 {120)
4 ppm 3.3+1.1 ( 80) 3.5%£1.0 (110)

9 Months Exposure (female)

Sample 17 Sample 2
Control ©3.7%1.1 {100) 4.241.3 (100)
0. 4ppm 4.4%0.7 (120} 2.6+0.2 ( 60)
0.4 ppm 4.3£0.6 (120) L 2.9%1.7 ( 70)
4 ppm 3.9%1.3 (110) 3.0+1.1 { 70)

18 Months Exposure (male)

Lung B¢ ~ Lung p¥
Control 4.710.8 (100) 3.7+2.1 (100)
0. 04ppm 4.410.6 ( 90) 4.1£1.3 {110)
0.4 ppm 6.241.1 (130)* 5.2+1.0 (140)
4 ppm 10.6+3,7 {230)** 6.3+1.6 (170)

' 27 Months Exposure (male)

Lung B n Lung DY n
Control 3.1 (100) 3° 2.9 {100} 39
0. 04ppm 4.0 (130) 3 4.8 (170) 3
0.4 ppm 2.7 ( 90) 3 3.7 (130) 3
4 ppm 3.0 {100) 4 3.1 {110) 4
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Table 6. (continued)

27 Months Exposure (female)

Lung BY n Lung DY n
Control 3.9 (100) 4 4,4 (100) 4
0.04ppm 3.3 (80) 3 1 ( 90) 3
0.4 ppm 4.1 (110) 1 4.8 (110) 1
4 ppm 5.0 (130) 1 4 (120) 1

(B) Second Experiment

9 Months Exposure (male)

Lung BY Lung p¥
Control T 2.3%0.3 (100)" 2.5£0.3 (100)
0. 04ppm 2.6%0.5 (110} 2.510.5 (100)
0.4 ppm 2.4%0.2 (100) 2.5x0.4 (100)
4 ppm 2.310.4 (100} 3.010.4 {120)

18 Months Exposure (male)

Lung B Lung p¥
Control 2.840.2 (100) 2,31£0.6 {100)
0. 0dppm 3.2+0.3 {110) 2.8+0.6 (120)
0.4 ppm 3.6x0.7 (130)* 3.51+0.5 (150)**
4 ppm 3.0£0.3 (110) 3.140.5 (130)*

BT, 9 »HRMRE TERER OHIINMEOR0~120% & 2h, NEE L OXERA 6 hkd -
Tob, 18 HHREE T130.4 & 4 ppmBE B TN WA LT U 12, 27 ARIREE ClatgiEs &2
GSSGHHEROME~ OEIXK] ~ 6 XOHAN TR {EHL, HERLABHOMICEIRH
Istpati,

K ¥ & e 20T, NPSHEARIZ 5% 2 GSHE ORI S 23R 1o, % ORER, i, REIER,
B OERr s SRR L <, GSHEEINPSHE®HI0~100%, (M), #85~95% (Ati)
L7z h, MK FRIKFEYT ANPSHOAMMICSHTH A T & MRS hiz,

9, 18, 27 AMKRBICH T 2XMBHCET AHIEHR L b, Wistard o QMK & & O ©
NPSHEGSHRERBESILIK LI > TP T2 ZBA LN A SEORIIRERBOEE L, 4ppm
NO.m (106, Hamt (48, 30AM) EROERPZANE L, MONPSHEIZHRE
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L Weeks Months ‘ L Months

Exposure period

B 1 d4ppm NORBOE T » FRHOHS v e s HSHILSH (NPSH) SickiT
2
(O xHER, @ 2&BH, m2sSD, B AW TE, D Al

Fig. 1 Effect of 4ppm NO, exposure on nonprotein sulfhydryl (NPSH)
level in lungs of male rats
(O ! Control, @ ! Exposed, m+SD, B !caudal lobe of lung, D :middle

lobe of lung)

BIRAE R L b 2L TRH B —EEITZL, 18h AR sh, LligEsihe & &icdd
T2LELONS, 4ppm NOHSHERE L EURESNPSHEBICRIITHEORREZ L DT
B1mR Ll SR AEE» 5180 T TOM, NPSHOESEIIEEE¢1.78~2.05, &
FRELT2.16~2. 564 moles/ghf OEEMNICH 72, 9 L BRRBICHOTE LML, 180HRH '

BERBNTES RN DRRODEBETH -2, (1) NO, 0.4, 4ppm 184 HNEE Cl#H &
DONPSH & GSHIHE FE A2 EM %R L72, (2) NO, 0.4, 4ppm 180 BIRE i3, oy v
F4 L BAOGSSCREERIIEMT 2 EAE 2T L 12, &

S g FA g, BEBRELILL AEEICHTANEMEL L THONTLER, THbb sy
Do) VEEBKERE, SR FALLE I S BEOSAEF AN AR F —
%4 {rPeroxidative Metabolic Pathway (PMP)Ye, #u 27 5 0mm - (ABHCHIEY S 5
Y BN 2 AR A AT ODREEIEESNETHE,

Chow 5%, PE#ES®, BEGH 6 I FHZ0ET YA RNO, 2 8B L, MOPMPHR BEOMRE
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MBLRT B L BBE LT 5, PMPREFR IR Ly 74 v OBLEIRTT, $2bBGSHEGSSG
ORIEORFWEET A4, A2 74 02 (GSHHGSSGE) L8~ 0REN 2B E13%
A oHhg, GSHEOMINL, y- 748 iad4 24280 T, GSHAEROEH# T 7213 GSHILH
DBELL > THEL AT EMNHEEIN S, THE TiT- 72 4ppm NOEBHEICHLTH, GSSG
BHEbL vt b e d, GSHRIFHERS had3ofinL 1z, BEoZ £Xh, 4ppm
NO: BB T, REMBERL ONCOEEXy-7 L4 i V54 2 VRICERATE L
EiLoNb,

SHEREDTSHILAY B & FE0 T OSHEICRITTNO, DFE, 154 ofEAfHEic-oun
THHTAFETH S,
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Research Report from the National Institute for Euvironmental Studies No.15. 1980

I—38
“REEENRABROS o M RIZTER

Effects of Long-Term Nitrogen Dioxide Exposure on Rats
—Composition of Fatty Acid in Lung and Liver Phospholipids——

NP

Takahiroc KOBAYASHI!

B =]
Wistar# 5 » bi20.0dppm, 0.4ppm, 4 ppm®@NO.% 9,18, 27TBHRE L, His

L OHDY CIEE OISR RIZ TR B Bt Tk, ERAEILOS ik
AppmTEE AN, 4ppmTI SV I F LB, F L4 VEEORM, 9 A58,
257 ) LR, Y — VEEQED B S A, 0.04ppm, 0. 4ppmT & 4 ppm & L
BE RS IR 650 C oD S ATz,
HTRWIFNOBBIZEOTIEEERERE I Lo opd, 4ppmBE LB T
oV EF B, A LA, ) —AEOBOMEE, 27T LM, 75 FLE,
Fa~d+x o BOBEMERMSEHE s,

FMS et - THTW T Y 27 CEBAEL, S F LML, ezt
FUBBRL, 27T Y CEBENUI. £NORRBETIX, oStk AL
PR L HEVWAS TTAERILS - 12,

Abstract

Male Wistar rats were chronically exposed to three concentrations of

IS

1. ESAEFEH REEmS T305 REEMHELS MR 116% 2
The National Institute for Enviromental Studies, Basic Medical Sciences

Division, Yatabe-machi, Tsukuda, Ibaraki 305, Japan
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nitrogen dioxide {NO,), such as 0.04 ppm, 0.4 ppm and 4 ppm of NO,, for 9, 18 and
27 months. Effect of NO, exposure on the composition of fatty acid in the lung and
liver phospholipids was investigsted. Many of the significant changes in the
composition of fatty acid for the lung were observed at 4 ppm of NO,
concentration. At this NO, concentration, increases in the palmitic acid and oleic
acid content and decreases in the myristic acid, stearic acid and linoleic acid
content were observed. At 0.4 ppm and 0.04 ppm of NO, concentration, some of the
fatty acid species in the lung showed the same trends of changes as were observed
at 4ppm of NO, concentration.

For the fatty acid composition in the liver, significant changes were not
observed at any NQ, concentrations. At 4 ppm of NO, concentration, however,
trends of increases in stearic acid, arachidonic acid and docosahexaenoic acid
content were observed. Trends of decreases in palmitic acid, oleic acid and linoleic
acid were also observed.

As a function of age, the fatty acid composition of the phospholipids in the
lung and liver changed in both the control group and the NO, exposed groups. In
the lung, myristic acid content decreased, wheares palmitic acid content increased.
In the liver, a decrease in palmitic acid content and an increase in stearic acid
content were observed. These changes were observed at earlier stages in the NO,

exposed groups than in the control group.

RUBIC

MOREFEEWE L LTI CIRESEELEHELTVA, C0Y) LIEHITHT 3NO O E%
BT 20 L REME LI, ChETIBAEUTOERPHOLICLT L. T4 5, L {EEMIT
NO, i) IEEPOTREIENB O —ERE EARBIFGL, =t o@Bllics oo vhiiE e
REEAGNAEGKRLERTSCLE " 2.5, FONOAVRRICE D HEY VISE D IR
RAHBIERT 2 & 5L FENBELUAOHIC ST RBEERsERICER T L, T
53 Y, .

ZZTHET » PNOLARHERTCL b, M, OV VISHOIREMHEMS EOL 5 cEj)T 24
BEf Lo oS icd aEEICEIL T S PFE TR L2,
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JCL * WistarRi#t 7 » 2RV 8 BGHONO KRB LTI, 7o M B, 0.04ppmNO, £
BEL, 0.4ppmNO, BEEREE, 4ppmNO, BB O 4 BT,

HBEHOEELFCRREEMC o NTE, RREFHE (11, 2) T, b LThres
hTdb,

FEEWMGE 9, 18, 27 ABE L. 9, 18BLRERETR BRI 6RO S & b 2z, 2708
T EE & & WEFED PR TH - 1o w, IEHBWEIILTOL 51k - 12, Mg 30L(Z
D35 LIAEED 5 5 1), NO FER 1 0. 04ppm : 3 0L, 0.4ppm © 3L, 4ppm: 4PC,

BE®E, 7o Mz FNI -7 AVKE T CHEERY o OfMic & h o ERERPITEL, EET
Afmichl, FF2EmLT, BRLEMBL OITO—EH500mgid # 4 / —b—F ook s—
(201 10.30./v.) DREBEES. ImlPPolytronZ i vk € 24 4 XU, Foleh 5 OHHETE
H e Uy BT < TERKM, KB F T Vv HERBE o< 257 ¢~ (o
DHTNF254 Ay B, BREBE v AF YT F L —F—EEEB0140: 14, /0. ) B
TOAHULT o ) VB EMorgan S D FETEBRRM A 22V VAL, Bohi Ei5EoD 2 7
WERFVIBRCC—BbAF Ry o e b3 7 RAVARULI. 97 4122 o OO TS %
F o7 ) —H I s (HREC 3mm) 2RV, BRI 72 zF bl E ) v oxH L (§5—4)
B BT, iR I2175°C, BB 250 T, BEATTEE250C, % « U 7 # A FEE0. Tlml/ /Y T1T -
1o

# =%
9, 18, 2THAMBZ|BICH T A4E, sLUEMcBGE, i, HOEERSLOZOGKEL

(27 AMEE L 12t OGOE 2 fvrs) BB (F L~ 6 itRahizeB8H TH5,(p. 285~
BBZMMOIER & & f %2 DRENIISH HBRERORBE THMOEMM A SR,

9, 18, 270 HEFERICH T M0 Y ~ARFIEEMRER L, 2, 3R T CTrANRSE
THRIHEEE, SREL L IEBENS PR lit, ZOVEE L EBFEEBOAZTLI,)

D) IEEPZEVH L0 T F LERIC-S L0 Ti20. 04ppmNO, B CHEE SN EE s
o 7IAs, 0.4ppmNO, RE T, 180 HEREE T, 41ppmNO,BETIZ, 9, 1BHAMRETH
BTN A MBI ah, TR MEE TRYRHE L ORI EE A IBE I L, o 1o h
4 ppmNO , IR Tl I 1A EERE L h g5 - 12,

2 3 F R LINDORIGEE TiX, 0.04ppm, 0.4ppmNO, BT, @ ) 25 VBN 9, 180HM%H
BHRICHDMIT, A L1 B8, )/ — VBizerh B ISERHIC 2 R 2 AN, MR 25 L7,
D ARRSEE (& — 0 DM 251 & 22 72 4 ppmNO L BB Tix ) 2 F VB 9 B RE CHEW
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9 »AMNO  REDM Y - IEE RIS R IF TR %

Table 1. Change in the fatty acid composition of lung tissue phospholipids

after 9 months exposure of rats to NO,

9 Months NO, Exposure

RT* C(;nmtrgl 0. 0dppm 0. 4ppm 4.0ppm
n=6 n= 6 a=6
261 | 1.390.10° | 1.61£0.10% | 1.5440.13 1. 67+0.18*
Myristic Acid 341 | 4.75+0.30 | 4.5240.55 4.2110.94 4.29 £0.06**
Palmitic Acid 411 | 36.45+0.98 | 37.27 £0.65 37.40+1.27 | 37.9840.56*
445 | 1.5640.13 | L75+0.14 1.5540.14 1.7440.10
558 | 3,07+0.34 | 2.7740.31 2.96+0.43 3.0940.47
Stearic Acid 694 | 11.3240.31 |11.2240.50 11.2740.26 | 11.04£0.31
Oleic Acid 763 [ 11.41+0.31 10.67+£0.36% | 11.5610.47 12. 36 +0.80*
Linoleic Acid 915 | g45+0.26 | 8 38+0.31 7.98+0.20* | 8. 36+0.40
Arachidonic Acid | 2,018 | 13.45£0.57 |13.36+0.68 13.43£0.76 | 14.4240.42°

a . Retention time

(sec)

b ! Mean value £ S.D. (%)
¢ ! i-test as compared with contrel,* P<0.05 and** P <0.01

at 160C (column temperature).

% 2 18GAENO REOM Y IRERIEERICLI T E

Table 2. Change in the fatty acid composition of lung tissue phospholipids

after 18 months exposure of rats to NO,

18 Months NO. Exposure

RT* CO,? I %] 0.04ppm 0. 4ppm 4 ppm

=16 =6 n=6
261 | 1.310.10° 1.5340.25 1.3740.08 1.44%0.11
Myristic Acid 341 | 4.19£0.73 3.55+1.02 3.2610.18* 3. 6910.93
Palmitic Acid 411 1 36.66%1.31 37.97+1.47 38.65 £0.82* | 38.62%1.42°
445-|  1.86+0.14 1.71£0.30 2.0240.15 1.77£0.16
558 .2. 91+0.46 2.45%0.50 2.33%0.69 3.334+0.30
Stearic Acid 694 | 11.6240.44 12.15+0.30% | 11.8540.48 11. 19 £0.69
Oleic Acid 763 | 11.57+0.62 11.30£0.58 | 11.64%0.17 11.96£0.17
Linoleic Acid 915 | 8.08%0.43 B. 47%0.76 8. 26:£0. 46 7.80£0.19
Arachidonic Acid | 2,018 | 13.61+0.75 13.10+£0.71 | 12.85+0.27 13.31£0.35

a - Retention time
b : Mean value £S.D.

(%)

{sec) at 160 (column teperature).

¢ . t-test as compared with control,* P<0.05
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# 3 27h:HMNO . ERoM Y VIRERHMERCRIZTEES

Table 3. Change in the fatty acid composition of lung tissue phospholipids
after 27 months exposure of rats to NO,

i 27 Months NO: Exposure
RT* Cc:ln;ro] 0.04ppm 0. 4ppm 4. 0ppm
=3 =3 n=4
261 1,66£0.10° 1.21+0.15 1.57£0. 02 1.74£0.32
Myristic Acid 341 | 1814044 | L78%0.27 | 1.6540.09 | Lsat0.27
Palmitic Acid 411 | 38.98:+0.47 38.90+0.56 | 38.86+1.50 | 39.65%1.18
a5 1.99%0.11 2.75+0.28 2.72+0.42 2.63+0.18
558 | 2.0040.14 1.40+0.21 1.61£0.13 1.9840.13
Stearic Acid 694 | 11.77£0.79 10.9040.17 11.7840.30 | 11.17+0.36
Oleic Acid 763 | 9.97+0.18 10.820. 38 10. 30£0. 04 10. 4140. 25
Linoleic Acid 915 | 7.97+0.19 7.3440.33 7.3240.19 7.69£0.15
Arachidonic Acid | 2,018 | 11,8240.30 11. 26 +0. 30 10.96+0.34 | 11.8540.53

a : Retention time (sec) at 160 {column temperature).
b': Mean value +8S.D.

WAL, 180HEER ct BOEAsa 0. A1 BRIDAMER TETCHEBINL, 18,
z7t>ﬁﬁﬁ%€§ﬁéf§ﬂuﬁmm bhtz, 257U VB, )/ —AEBTIXY, 18, 27THAMBB TYE
BESNERL b L TR EL -7, UENO, OBBERIcty, B o580l aRIE
BT s LpRNTsRIG

iz, 18, 27THhAMBRBICE T 2 Y VBB EEEER 2R 4, 5, 61T, WTFho@

%4 9pABENC. RROY L REKMEERICRIZTY S

Table 4. Change in the fatty acid composition of liver tissue phospholipids
after 9 months exposure of rats to NO,

% Months NO;Exposure
Control o o8 5 o
= -Uappm . dppm -Uppm
n=6 n=6 n==6 n=6
Palmitic Acid 20.3710.47 20. 310,97 20,46 £1.02 20.05£0.73
Stearic Acid 17.45+1.22 16.90+1. 44 16.95+1.30 18.07%1.37
Oleic Acid 7.36£0.37 7.76+0.72 8.091£0.60 7.29%0.71
Linoleic Acid 13.8940.53 13.7810. 42 13.43+0.59 12.92+0.92
Arachidonic Acid | 25.35%1,12 25.40+1.21 25.13£1.09 26.46+0.83
Docosahessencic | o g4+0.63 | 10.7540.91 | 10.79%1.04 | 10.53%0.61

a . Mean value £S5.D. (%)
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Table 5. Change in the fatty acid composition of liver tissue phospholipids

after 18 months exposure of rats to NO,

18 Months NO, Exposure
Control
n=6 0. 04ppm 0. 4ppm 4, 0ppm
n=16 n==6 n=6
Palmitic Acid 19.52+0.6.* 20.06%0.68 18.541+1.42 18.2113.46
Stearic Acid 18.12+1.21 18.80+2.08 19.47£2.17 20. 80+4.836
QOleic Acid 7.91%0.96 7.53+0.86 7.4110.87 7.23x1.45
Linoleic Acid 12.91%0.94 13.54+1.46 13.4311.54 11.48+1.85
Arachidonic Acid | 25.51%1.50 24.30X0.70 25.7410.74 25. 81+0. 44
D°°°5agi§ge“°i° 11.50%1. 29 11.32+1.43 11.1541.90 12.58+1.69

a . Mean value £5.D. (%)

# 6 27 ARINO, R8O U » IHE IR I S I B8

Table 6. Change in the fatty acid composition of liver tissue phospholipids
after 27 month exposure of rats to NO,

Control 27 Months NO, Exposure
n=1 0.04ppm 0. 4ppm 4 ppm._
n=3 =3 n=4
Palmitic Acid 19.27+1.81° 17.7912.33 16, 97+0.26 i6.71+0.98
Stearic Acid 21.0913.36 22,20%2.90 21.64£0.16 23.06+1.64
Oleic Acid 6.89+0.75 6.88+1.81 7.33+0.55 7.2010.87
Lincleic Acid 14,10£0.96 12.091+1.80 11.84%0.55 12.05+1.04
Arachidonic Acid | 24.12%1.13 23.39%2.62 25.51+1.26 26.96+%1.36
Docosahexaenoic | 1y go+0.58 | 13.47+1.86 | 14.10£0.64 | 11.27:0.69

a : Mean value £5.D. (%}

Bt T EELZREE S -1z, HEE LT 4 ppmNO, BE THOThORE IR
T F LB, A4 LB QTORBRSRRIIR), Y s — B, UBEOBL hEEL, A
FrILEE, FI3AFCBE, Fad~ddzoBanffofs v & BBEE NI,

M4 & Ch s OO ) L ASEIEHBEROBRIC SV TRET 5, BT, 2RT LD
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% of Myristic Acid

Month
Age

M 1 WMESBLUNOBBICL 300 L IEEPD T ) 27 L BEROIL,
O xR, O ;0. 04ppm NO,, A ;0.4ppm NO,, ® ; 4ppm NO,

Fig. 1 Change in the content of myristic acid in lung tissue phospholipids

by aging and NO, exposure.
Q ;Control, [ ;0.04ppm NO,, A ;0.4ppm NO,, ® : 4 ppm NO.,.
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Fig. 2 Change in the content of palmitic acid in lung tissue phospholipids
by aging and NO, exposure.
O ;Control, {J ;0.04ppm NO;, A ;0.4ppm NO,, ® ; 4 ppm NO,
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Fig. 3 Change in the content of palmitic acid in liver tissue phosphalipids

by aging and NO; exposure.
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Fig. 4 Change in the conten

t of stearic acid in liver tissue phospholipids

by aging and NO, exposure.
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% 1] BBERSICZOHER (9 »AMKRE, 1EHE, #)

Table 1. Organ weight and its relative weight to body weight(%)(exposed
for 9 months, | st, male) M£SD, n=6.

Control 0. 04ppm 0.4ppm 4. Oppm

Body weight g 56420 548412 583+ 6 482 +69
L g 1.64140.082 1.74740.259  1.708+0.127  1.682+0.140
e %  0.291+0.015 0.300+0.031  0.292+40.020  0.30640.020
L g 14.0%0.3 15.0+1.4 15.0+ 0.8 16.24+1.4

er- o 2.5+0.1 2.640.1 2.620.1 3.04+0.3
Kidney g 1.434+0.14 1.6440.25 1.53+0.19 1.5240.11
(left} % 0.25%0.03 0.2840.03 0.26+0.03 0. 28 £0.02
Kidney g 1.50+0.09 1.70+0.26 1.5740.17 1.5440. 11
(right) %  0.2710.02 0.29+40.03 0.2740.03 0. 280,01
Soleen B 0.80+0.08 0.81+0.15 0.88+0.04 0.90+0.07
P %  0.1410.01 0.14£0.01 0.15+0.05 0.16+0.01
g 1.4910. 06 1.49+0.15 1.47+0.06 1. 4410, 06

Heart

% 0.27%0.02 0.26+0.01 0.2630.01 0.2640.01

# 2 BRERSICZOFHEE (9LAMEE, 1EH, i)

Table 2. Organ weight and its relative weight to body weight{% )(exposed
for 9 months, 1st,female) MESDy n=6.

Control 0. 04ppm 0.4ppm 4.0ppm
Body weight g 324+54 347 + 30 335+ 2] 344+43
. g 1.000+0.138 1.084+0.069 1.075+0.090 1.112+0.169
un
g %  0.313£0.016 0,31940.042  0.32140.028  0.32040.035
L g 10.7%1.2 10.8+1.1 11.04£1.0 12.041.1
Ver - o 3.3£0.3 3.240.4 3.3+0.3 3.540.4

Kidney g 1.03%0.09 1.06+0.14 1.15+0.186 1.081+0.08
{left) % 0.32£0.03 0.31£0.05 0.34%0.06 0.31£0,03

Kidney g 1.07+0.09 1.114£0.09 1.06+0.31 1.14+0.13
(right) % 0.34£0.04 0.3310.04 0.31+0.08 0.33£0.03

0.60%0.09 0.63£0.04 0. 58+£0.08 0.60£0,07

Spl
preen % 0.19£0.05 0.19%0.02 0.1710.02 0.17%0.02

1.01£0.09 1.06+0.04 1. 06+0.10 1.01£0.10

Heart
ear o 0.32£0.05 0.31%0.03 0.32£0.04 0.29%£0.04

S|
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% 3 BRESsICzOEEL (I0ARR%R, 208, #)

Table 3. Organ weight and its relative weight to body weight{% )(exposed
for 9 months, 2nd, male) MtSD, n=6,%: p<0.05.

Control 0, 0dppm 0.4ppm 4 ppm

Body weight g 496145 570+54* 5241454 494132
Lon g 1.389+0.082  1.445+0.074  1.37940.083  1.41740.128
g 9%  0.28240.033  0.255%0.023  0.265+0.024  0.28740.018
Liven & 15:143+0.823 16.577%£1.74 15.867%2.516 15.237+1.041
¢ %  3.0810.34 2.91£0.22 3.02+0.29 3,100, 28
Kid g 2.71310.242  2.909+40.269  2.85140.321 2. 75140.259
WNeY 9 0.55240.08  0.512+0.040  0.545+0.034  0.55740.04
Sol g 0.9174£0.427  0.851%0.141  0.77540.103 0. 837+0.097
PIOEM g 0.190£0,102  0.14940.017  ©.14740.007  0.170+0.023
Brain & 2.183£0.048  2.202£0.040  2.166£0.046  2.1370.069
%  (.444+0.045  0.389:40.033% 0.419+0.055  0.434+0.023
Heape € 1.295%0.083  1.4220.086% 1.3290.094  1.310%0.124
© %  0.262+0.023  0.25240.027  0.255+0.018 0. 265+0.019
Testi g 3.50240.839  3.88610.258  3.566+0,957  3.747%0.440
ESHS g 0.734+0.18%  0.68910.094  0.67240.161 0. 758-0.064

Adrena] ™ 37.2+4.4 41.0%1.5 41.344.4 36.3+5.0

% 0.076%£0.013  0.073%0.007  0.079£0.007  0.072£0.009

# 4 BEESPICZ0OGENR (18HHBEER, 1EE, #)

Table 4. Organ weight and its relative weight to body weight(%)(exposed
for 18 months, 1st, male) MESD, n=6, *. p<0.05, ** ! p<0.01.

Control 0. 04ppm 0.4ppm 4 ppm

Body weight g 598+£56 616131 647157 - 5854106**

L g 1.540+0.086 1.574%0,085 1.62040.124  1.793+0.164
ung %  0.259%0.021  0.256+0.014 .25140,017 - 0.31740.062

g 17.424%x1.361 17.94041.740 19.568x2.030 18.219%2.245

<

Liver o 5 93140.268 2.91140.205 3 03240.296 3.30741.172
. g 3.555%0.250 3.652+£0.426  4.000£0.428  3.968+0.528
Kidney 5 0 600+0.069  0.595+0.081  0.623£0.090  0,70340.181
o) g 1.020£0.103  1.04740.192  0.995+£0.191 0. 941%0.087
PIEEN o 0.171£0.017  0.169+0.023  0.15440.027  0.166=£0.034
¢ 1.512£0.176  1.49740.097  1.579%0.184  1.585+0.215

Heart

% 0.254+0.026  0.24340.014  0.24410.020  0.274+0.021
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# 5 WRERsICzoKEL (18»AMSR, 260H, #)

Table 5. Organ weight and its relative weight to body weight({%)(exposed
for 18 months, Z2nd, male) M+ 5D, a=6, *. P<0.05.

o 'fff)ﬂ Control 0. 04ppm 0.4ppm 4 ppm
N )\ Body weight g 672%78 656 70 604 4 61 662 470
}; - 5 g  1.57940.115 1.668+0.133 1.603+0.110  1,742+0.193
o "B g 0.23610.016  0.25640.020  0.26740.024* 0.26430.028
T
L g  20.302£2,817 18.915+3.010 17.295+2.608 19.695%4.028
1

, VET % 3.03+0.35  2.88£0.30  2.8640.29  2.96+0.50

.78140.602 3.605+0.562  3.83%x0.353

(=)

.879£0.595

(95

Kid
Y g 0.56840.102  0.551%0.08  0.60440.053  0.587+0.083
.- 1.18340.122  1.091+0.134  0.955+0.15% 1.121+0. 181
PIeEN o 0.17740.016 0.167+0.018  0.15840.019  0.170+0.024
Lo g 22BLE0I4 22370101 2.22440.052  2.244£0.049
CETEIR o 5.34340.030  0.34540.039  0.37140.037  0.34340.036
eap B LOOSE0IST  LG0BE0.223  1.644:0.274  1.713%0.197
STL g (.24040.022  0.24640.030  0.273+0.046  0.259+0.018
. 3.74340.981  4.27240.219  4.176+0.389  4.260+0. 412
eSUS o 0.55540.130  0.65640.054  0.69540.072* 0.648+0.074
mg 45.844.3 . 49.042.0 45.744.1 48,314
Adrenal

Yo 0.06920.011  0.07610.080 (0.076+0.610  0.G746.007

—287—



= 6

MEERB L U2 OFEL (270 AKRE,

LEIR, #)

Table 6. Organ weight and its relative weight to body weight{%)(exposed
for 27 months, male) ME£SD.,

Control 0. 04ppm 0. 4ppm 4 ppm
(n=13) (n=3) {(n=13) (n=14)
Boby weight g 564476 487 £48 501 +37 496437
Lung g  1.228+0.085 1.0324£0.100 1.58640.583  1.17940. 093
(right) %  0.22040.023  0.21240.016 0.311£0.053  0.239+0. 027
L g 17.00£2.19  16.04+1.65  23.87+5.10  16,77:0.88
VET e 3.0240.07 3.3040.12  4.73+0.75 3.39+0.10
i g 3.606+0.031 4.824+1.617 4.42140.454  4.20440, 620
ONEY e 0.65340.082  0.98020.249  0.8904+0.144  0,843+0.092
. g 1.69040.236 1.24240.159 4 742+4.595  1.41340.140
PIeEM o 0.3014£0.030  0.25540.027 0.890+0.814  0.291+0. 045
B g  2.282+0.088 2.37540.039 2.21340.123 2. 26940, 148
PR e 0.4540.01 0.49 40.05 0.4540. 06 0.46+0.04
Heape & 1-744%0.507  L6IST0.272  1.92640.349  1.621+0.083
ecar
%  0.30+0.01 0.3340.02  0.3840.06  0.33 +0.03
Tess B LOUE0.363  3.7490.320 275410921  3.774:0.159
CSME 9 0.7340.15 0. 78 £0. 09 0.5640. 21 0.7740.05
deong B 0-091%0.007  0.0580.008  0.112£0.029  0.070::0.014
Tenal o 0.0240.005  0.01 '0.02 £0.005  0.01+0.004
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