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ZE{EERNT v P ROMER~0E
——10ppm NO,REIC L 2 FMBRERZA T pFENITE/ —LT 20D
IERsBE R O B8 & R IMLER population——

Effects of Nitrogen Dioxide on Red Blood Cells of Rats:
Alteration of Fatty Acid Composition of Phosphatidylethanolamine and Populational
Changes of Red Blood Cells during In ¥ivo Exposure to 10 ppm NO,.

RA E e R - BuEs e =W 5!

Manabu KUNIMOTO?!, Kunimitsu KAYA!, Kats.umi MOCHITATE!
and Takashi MIURA! )

® 5]

10ppm NOEBSHHEHT, v FFMBEOTEY VIEBTELIFAZ 7 F VLTS
A=NF i1y (PE)OT7 3% R /BERBOEME L 7 VEREROBMP IR 2 1Tz,
FLERCRMRELEEC LD AESEHE LR 2BRCsSLTHED NS HES
DFEDFMHRD S iz HBEONS LESOHRMERIE, MR RESATRS 20
FRINER, AIHEVWRMERTH Y, PE DIEHEER TR, LEOKEVESICHS, 77 %
Fr@, "L+ CBERVEL, VA VB - VEBESENES o7, 0T NOE
BUL@EDoh PEQT 7% F yBEROWING, LEO S 0B RIDEKE SO
EHEORMC LN ER I 20 Tr 5 TJEEMEHITHE S it,

Abstract

When male Wistar rats were exposed to NO, at the concentration of 10 ppm for 5 days,
an increase in the relative amount of arachidonic acid and a decrease in the relative amount
of palmitic acid in phosphatidylethanolamine (PE) of erythracyte membranes were ohserved,
In order to examine changes in erythrocyte population, red blood cells were fractionated into
four fractions according to their densities using dextran density centrifugation. Increases in
the percentages of lower density cells were observed 5 days after exposure to 10 ppm NO,.
PE in lower-density cells contains more arachidonic acid and palmitic acid than that in
higher-density cells dose.

1. EAEWEs BSEEI T305 FRBHNESEDE/NE 1652
The National Institute for Environmental Studies, Basic Medical Sciences Division, Yatabe-machi,
Tsukuba, Tbaraki 305, Japan.
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Based on these results, it is concluded that an increase in the relative amount of
arachidonic acid in PE, occured by exposure 10 10 ppm NO, for 5 days, was caused by an
increase in the percentages of lower density cells in erythrocyte population.
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Fig. | Separation of red blood cells according to their densities. Centrifugation was
performed at 90,000 X g for 9 min at 4°C. :
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1. 10 ppm NO, 5 AHIRE T fHMIRE PE M isEHER O E1L
1w 10ppm NO %5 AMEBL 27 v - ORMERE PE &, WNEBIEEORMERIE PE OEIER
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£ 1 10ppm NOZS5HMBELALT v ORMKEFRAT 7 F N2y /—
N7 3 v OFRBEREEL

Tia)blel Fatty acid composition of phosphatidylethanolamine in red blood cells of
rats exposed to 10 ppm NOQ, for 5 days

Fatty acids 16 18:0 18:1 18:2 20:4
Control 28.910.3 3340 10.5+0.1 6.6L0.1 32.7+0.2(%)
Exposed 27.74+0.5* 3.2+01 16.1+0.5 5901+ 34.7+0.3**
*p<0.05, **p <001 {n=3, mean+S.D.)

outer leaflet =, Unreacted PE 1x, Y8 (inner leaflet) X#HEET 5 PE £ KB Tw5 ¥ 2L
Shd, F21, ppm NO, 2 5 HEIEB L 427 v F RUSHERO 7 v F OFRILERED TNP-PE,
Unreated PE OERSEEMR 2T Uiz, 72 F K@ Q01 4) LAV IFABE LS P LA

(16) DZFE{kx, whole PE 0% {k - 7L ¢, TNP-PE, Unreated PE THEEanTE Y, TNP
-PE, % %314 Unreated PE W BEAIREEEED o kol

# 2 lppm NO:5BMBRELS v FOFRMBMED TNBS CEE =
tiz PE (TNP-PE) kiB#ani\v> PE (Unreated PE) DISEREER

Table 2 Fatty acid composition of TNBS-labelled and unlabelled phosphtidyl-
ethanolamine in red cells of rats exposed to 10 ppm NO, for 5 days

Fatty acid 16 18:0 18:1 18:2 20:4
Control Whole PE 289 33 16.5 6.6 327 (%)
TNP-PE 26.9 32 10.1 6.2 34.3
Unreacted PE 283 4.1 10.3 6.5 320
Exposed Whole PE 216 32 10.1 5.9 34.7
TNP-PE 26.8 31 10.3 6.0 36.8
Unreacted PE 302 4.6 9.4 5.6 339

3. 10 ppm NO, 5 BB To R population NEAL

#3112, l0ppm NO# 5 BMBBEL 27 v F RUNEED 7 v P ORMBRETF R+ 7> T40
ORBEEEARECTHE L TBORESOEE 2R L 2, COER, £EREATRELTF
FA RSy EB T, 2000rpm, 10 HRIEL L O RMBREARICE S THELL LOTH
3, HEO//2W 2 ODESOEESHEMLTEY, EBEOAREZW 2 20ES0ESREIL T
1z

4 FERSyORENEEIRECTHEL RO PE OBRIEES
Fra sy THOMENEEFERLTIEALLS v FRMRD PE O FERMAAR % 3 4




NOB8 i X 5 FIDEROIEAREHK = LEOZH)

# 3 10ppm NO% 5 HFIBRE L7z 7 v + OFRIMLER, population DZE
Table 3 Percentage of each subfraction of rat red blood cells exposed to 10 ppm NQ,

for 5 days :
Fraction IV (Top) 111 N I {Bottom)
Control 29.2+152 ©350+73 23.9+120 119475
Exposed 380+ 14.1 387126 18.7+10.5 3626

(n=6, mean+S.D.)

R LT, HRMEROBEMSKEL 212> T, BHERPTOEBLTHE-TT7 2 ¥ -8 (20
4), /S EF BTV M4 B (16) ONKEROEALERATTY B (18:0), F 14
B (18: 1), U/ — Bk (18:2) OMMAZBEOBIMNERD i, RICHEZIVE L LKL

z 4 %%E’Cﬁ}@bfzﬁv FRIMBO KA T 7F V0¥ ) —N7T 2 0B

Table 4 Fatty acid composition of PE in density separated. red cells

Fatty acids Whole cells Fraction 1V Fraction 1

16 27.740.7 20.0:£0.5 2554097 (%)
18:0 38402 33401 43405
18:1 10.840.2 91406 13.640.6%"
18:2 6.140.3 40404 9.2+1.0%"*
20:4 34.9+0.6 367412 3194 1.50%*

The percentage of each faity acid in fraction [ was compared to that in fraction IV : **p<0.01, ***p <0.001
(n=6, mean+S.D.)

Ty, ZoBERESIV, U, O, I1MTIEFEFENTH -,
¥ B _

10ppm NO, £5HMBET 22 L d D, 7y bORMREFR Y FBBEO—DTHEZERAT7 7
FYNLF s —nT i (PE) OEFBERCE T, MEECLL, 72 % F v BOHEMNSE
HHEIIL, /S F BT b rv A VBOBMNEENE T 2 s oni (RD, R
RL7:7 v+ OFMERIE, © %2R UHORILEM ORI & FIFRIC de novo DV VIRBEESK
FHLVEEEROMR, FRENE2EZ 2R, V VEHORBRE LTE, Mty ~0H
BroZBRIEd 5 wix, U VEBOEEBONASEE, B A7 LRI (deacylation-reacyla-
ton) KRES W T2, ZOLI LT v PARMR TR L KR U X O L IRSBMEROEEBE - 2
AH=X kLTI, 1) deacylation-reacylation ROFFREDOE L, 2) MR, ) >
FRHORBSRAROELORE, 3) BEQHIMER (75 + ¥ v BREEL, %) 20RO
HEH, E8Ez1on5,

£3°1) OWREMETH B, Ty PAMBRBOFE) VEETHERRAT7 7 F YT Y Y (PO)

o
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OIS CIEFEBI Y A2, BO inner leaflet WHFET 2 PCBREENEWI L B@RES
HTWaY, ~Ht |\ FRMREO PE~QBEBBERD AsE, < D0 OIEHREC 5V THO
m%rkmgKﬁET%PEE%E@ﬁ%m:&ﬁﬁ%éﬂfBO“,ﬁﬂ@ﬁ%%?vbuﬁw
TORXGBELTVvD, £2TF v MARIHED PE % TNBS 2 X 1 outer leaflet i277fET 3

@ (TNP-PE), inner leaflet 7T % @ (Unreated PE) %353/ 10 ppm NO, 5 HH$
BORHBER~OBELH /228 (£2), TNP-PE % % X Unreated PE 12 B84 2Lz T
Hohdolt, ¥72, T v FFREMERO deacylation-reacylation @ PE 20§ 2 ALERENE, ~3
m mole Fatty acid/mole Phospholipid/day BETH b, 5 HEBRE TRk LEEEI LIS
BrEZ 503,

WiZ2) OEEEETH S, MY FIEB L OTARE:, v MK PESHMEBICLIEEL
RWZ riEhD, RIIREPE ~OBEI v rEiohd, &7, BEEHBROERE, 10
ppm NO, CHPOEBHIED 5T 3A, 1) OTEEOR TR & 512 OEBIE B IR
MEREE PE OFERERA I R s h 2 0l e RO h v ErE L 603,

3) QAR TH B, 10ppm NO, 5 BEIRE T, FRIDHK population EFHFES Hh, HE
DINER 2 OOEFOBEHEL T B e ehichofz (#3). 2, IOHEO/NSRERD
OFRMERD PE ORRPBHER TR, LEORERESODRIEN, 72 F BRIV IF VB
SN E ML YEERYFE, ATTIVVE, AV VEE, V) -AVBSESEr T (F4). 2
D2OOR, NL75FFyBEESEOBVEAIVOE &S 10 ppm NO, 5 HREIRBE THINT 2 2
r2 6, ®KMERD PE OREBBHERKICECTaLE LTI X FUBEALVIF VEE+/ L b
4 YBERYEL, ATTN 8, A4 vE, )/ AEBESEMEL A I TR S,
SULEF L E LA YERREREE, EREOER(ED X BLTWE, LI F Rt
NI b A YBOFELEELCOWTE, MOTEROESSE 22 TREZ L0, BE
OEIATHERBEZBEN TN,

5l B X m

1) oy = & (1980) : “EMERERBIC L 25 v FRAMEREY CREORHBREROER, EioEm
TSRS, $155, 117124,

2') Kaya, K., T. Miura and K. Kubota {1980} ; Effects of nitrogen dioxide on red blood cells of rats: changes in
componc;nts of ted cell membranes during in vive exposure to NO,. Environ. Res., 23, 397-409,

3} Shohet, S. B. (1977} : in Lipid Metabolism in Mammals 1. (ed. by Snyder, F.), pp. 189-208, Plenum Press, New
York.

4) Abraham, E. C., D. Walker, M. Gravely and T. H. J. Huisman (1975) : Major hemoglobins in sickle cell anemia,
f-thalassemia, and retated conditions: a study of red cell fractions isolaged by density gradient centrifugation.
Biochem. Med., 13, 36-77. '
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“ELERD T v P FOR~OEE
— 4 ppm NO, 12 & % RMIREIBAL AL 7 & FRIMER population DEEY* —

Effects of Nitrogen Dioxide on Red Blood Cells of Rats:
Alterations of Cell Membrane Components and Populational Changes

of Red Blood Cells During in Vive Exposure to NO,

A T e FALRE - AL - =W =

Manabu KUNIMOTO!, Katsumi MOCHITATE!, Kunimitsu KAY A
and Takashi MIURA!

L3 =]

Wistar ROEZF v M 4 ppm NO, % @GR L =R D, FRIMRBHERR 57, ISR
FIEEOLE & RMEK population DEE) & OB W D0 THEE L 7z, RN popula-
tion RF &2 L7 OBRBREENEEGI LY, KEORKEWARSL T, 11, O, VO
WMoOESICSE LR L. 4ppm NORB10H, 40 EH TEAIVO RIS S HEEO
143,168+ E< THETHEBO LV AVLTETETRL, 2OBETIEVGEEOKE W
H 1, NOFNHOBGIER L, ZOEAFVORISOES L IZITFETL T, Nat,
K*-ATPase R U 7 VA EOEE » B S 0z, &7, BEHIVORMBRE, fl2d 3
B4t~ Nat K*-ATPase i&HE, Ca** Mg -ATPase B R U v 7TIBOSESNE
Motz T, 4ppm NO,RBW#5 Nat Kr-ATPase FiE, ¥ 7UEBSEOTHEHIZH
Bl ah 585, Catt Mgt -ATPase iGHEOFEENIHBA L v, 272, BE 1 HEORIMR
FREL TR LICER, A—ES L L 228, BEN - dERTESELNTEY,
FRINER population DEBUAOHEFOES L E L 08855,

Abstract

Male Wistar rats were exposed to 4 ppm nitrogen dioxide (NO,) for 10 days in order to
examine the relationship between the changes in components of red cell membranes and
alterations of erythrocyte population. Na*, K*-ATPase activity of red cell membranes of
exposed animals showed a significantly higher value than that of the control at the first and
forth day of exposure and then decreased to under the control value at the 7th day. In order

»  ZEFROFEF L, Environmental Research «FIRRTH 5,

L, BEwASEWER BREES T30 ZRBEEERSHTETNEN] 1652
The National Institute for Environmental Ssudies, Basic Medical Sciences Division, Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.
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to examine changes in erythrocyte population, red blood cells were fractionated into four
fractions according to their density using the Dextran-density centrifugation. The alteration
of the percentage of lowest-density cells (fraction IV) of exposed animals was completely
consistent with that of Na*, K*-ATPase activity in addition to that of the sialic acid content
as described in the previous report. The percentage of fraction [V was 1.43-(p <0.05) and
1.68-fold (p <0.01) those of the control at the first and forth day of exposure and, then,
decreased to under the control value at the 7th day. This decrease accomparied increases in
the percentages of higher-density cells (fractions ] and II). Examination on subfractions
of red blood cells showed that Na*, K*-ATPase activity and the sialic acid content of three
fractions with lower-densities have higher values in exposed animals than in the control 1
day after exposure to NO,. Based on these results, it is concluded that increases in Na™,
K+*-ATPase activity and the sialic acid content occurred by 1 day exposure to 4 ppm NO,
were caused by elevated levels of these componenis in three {fractions with lower-densities as
well as by an increase in the percentage of lowest-density cells in erythrocyte population. It
was also suggested that NO, inhalation accerelated aging of erythrocytes with respect to
density.

The change in Ca®*, Mg**-ATPase activity was different from those in the sialic acid
content and Na®, K*-ATPase activity. Ca?*, Mg?*-ATPase activity of exposed animals
showed slightly reduced value 1 day afier exposure to NO,. In all subfractions of red blood
cells these values were slightly lower in exposed animals than in the control. Therefore,
reduction in Ca®*, Mg#*-ATPase activity is not due to canges in erythrocyte population.

Lz

RIERDEO—HETH 2 _BLER (NO,) OBFIC L 2 RMBREBER O DT
RHELTERYY, RALL T v PORMERIZ E b & oo ILEY ORI £ R+
BU® Ay P U7, MIRZOMBRNNEEERT, ¥ HESREESER Y, o
T, COEI%7y FRMBRTHE SN 4ppm NOBE TS ATPase B Y T LrBEESROE
B3, EAREOERTEABEITER Y, £, T F IR THEG2 60 BEBRET, BATH
&, WEPRDVEShTW3, 227, RMBREERSSOESOEE & L TR population @
EBcEE LY, BehEETHBE L RNk ER W TEL ORBDINZ 6T 505, HRED/,
S ARMBREFCFRMERTHY, ¥ 7TAEESEY, ATPase BEMNEVI L b HMEIA TV EY, &
B, 7v hARMEKEFFA 7 v ORBHEFGERLTUNOOESCSGEL, NORBRILHEIE
BSOS OER -, RMBREMERSOESOMEN, KU NOREIC LY RMKOFEN{EE
ANTHAAREMIE oW TR L,

K&

1. REBF4

G UL —BEYr L Jol: Wistar HIES o b (13~26 84 % 41008 ppm & NO, TESRE L 2,
WL 6 E—HOR—Ty rOF7 v M2V, NOBREORS LABOREF ¥ v 1~ AR,
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NODmHb Y7 4 ¥ — 2 BL-HEEREERL .

2. RMEROIBE
AR L [k T- 72,

3. ATPase BMORIE

FMERE D ATPase EHEOHIFZ 3mM ATP, 68.5mM NaCl, 28 mM KCl, 3.1 mM MgCl,,
0.18 mM CaCl,, 69 mM Histidine (pH 7.5) % & te R J5HE 0.5 ml 1717w, 37°C, 30 MDA v F 2
N—va D%, 0% MY 7 o AR 01 ml #IXRIGERT L7z, Nat, KH-ATPase it #ll
Eid, RISHICBAEE 1.5 mM @ EGTA £inz, KCl2Buib0®#BE L, Ca?, Mg~
ATPase iM%, EGTA #0247z b 0%t LTHREL 72, WL ERY » OFERi Chen 5
DFEN WL o1, FRIMBREEY Y IEEOERE Harris 5 DAY 1K & o¥,

4 LTFAMESEORE
YTNBOESRL, RMEBBEESE 05N H,S0, T 80°C, 60 4Rk EEL, BEEL:-> 7R
K2ww Aminoff DHFEY 2 - TiTo7.

wm R

1. ATPase EMOEE

4ppm NO.DBEBIW LN 7 v S FMEKED Na*, K*-ATPase {52, 28 1 HE CHEEED 1
EDEETRL, F0OBBILTOE, THETRHNEEO L AVEHT -~ (H 1), —7H, Ca®,
Mg*-ATPase {EMit2E 1 A8 & 10 AR THERED 0.77, 084 B TH D, 4 HE, 7 HE TR
BIDRRHMEERLL (@2,

2. IRILEX population OEER

BEN, NEHECTZ v PORMKETFA LS rORBYEEANTELTHEL, SESOES
EAETSoEyBTEELACERYHM3CRLL, B2 1B 4 HE TR HEO/NE ZESIV
DEIEH, WEED 143, 18FLERECEELTL, FOENBERRABEOE LS -, &
L, WEORE2ESIE [ DFEE, {HE X CHEREE DEL, TBETHEMEEEL D
PE Lol AT b2 Yy Mk, BB, MEMEE b, RBEYMPEECTRIZ-ETH-
1zs

3. hEETHEL ROREZEES ATPase ;&4
#F 1 WCHRMBREE SO Na*, K -ATPase IR LY, BEFIVTELEL, BHITRLIE
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Fig. 1
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Fig. 2

CE

ATPase Activity
{ umol Pi released /hr per mg of PL)

O3 % & & o

Exposure Time {doys)

4ppm NO,BEBiC & 57 v bRIMERE Na*, K*-ATPase EMEOEE)
Changes in Na*, K*-ATPase activity of red cell membranes during
exposure to NO,

Rats are exposed to 4 ppm NO, and six of them are killed at days indicated to
collect blood samples. Preparation of red cell membranes and determination of
ATPase activity are performed as described under Materials and Methods. Closed
symbols represent activityfor exposed animals and open cnes for the control
counterparts. Each point is the mean of six rats. Error bars represent +5D. The
significance between control and exposed values is shown : *p <0.05.

FIG12

ATPase Activity
(emol Pi released /hr per mg of PL)
D

C6—=2 "4 6 B 10

Exposure Time {days)

4ppm NO,BEIC & 5 5 v FIRIERE Ca?*, Mg* - ATPasel SO EH)
Changes in Ca?*, Mgt+*-ATPase activity of red cell membranes during
exposure to NO,

Experimental conditions are the same as in Fig. 1. Closed symbols represent
activity for exposed animals and open ones for the control counterparts. Each
point is the mean of six rats. Error bars represent +3D.
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Fig. 3 Changes in the percentage of subfractions of red blood cells during exposure
to NQ,
Rats are exposed to 4 ppm NO, and six of them are killed at days indicated.
Immediately after sampling, the blood is mixed with 0.25 vol. of 50% Dextran
solution and is layered on the Dextran discontinuous density-gradient. Afier
centrifugation at 25,000 rpm for 90 min, four discrete zones of red blood cells are
visible between gradients. Red blood cells of each zone are designated as fractions
1. 11, [Il and IV from the bottom and coilected. The percentage of each fraction
is calculated from the ratio of hemoglobin content in each fraction to that in the
applied blood. Details see “Materials and Methods”. Closed symbols represent the
percentages for exposed animals and open ones for the control counterparts, Each
point is the mean of six rats. Error bars represent -+ SD. The significance between
control and exposed values is shown : *p<0.05, **p<(0.01.

otz, dppmNOFRIHED v F OXRSGBE O FRMEK T, X EE D 125F O Na’,
K'-ATPase @tk &5 L7, 538 L R R TIRE STV E UISNBEO 1.28, 124 fS0EEZ - 1
O, BA 1079 ECho, 4ppm NOSE I HEH THE S L7 v P FORO Nat,
K -ATPase {E¥EQ LR BERORVESIVOFIGOEME L & iz, @AV, DOEEEEXEAL
TWwH I LB EBHLMIE o,

F21id, FOFRBESTO Ca?t, Mg®-ATPase B2 R L Fo38, HEMAKE 45y, A
LESIVAS T L it ZELLEEOETHRED ONIz, 22 4ppm NOBBE1IEET, 4
Zriobic BT, REBOMEESMETLTEY, SRS RMNIRTOREEDET
BRIEEILTWAb0DEEL NS,

4 HERZTHELLFLREESHNCFLESE
4ppm NOER 1 HET, J v MRMBRE:Y 7 ABSEAEINT 5 2 L 2HICHE LY, £3
MR 4ppm NO.BR 1 REC Y » OFRMKEDELZO Y 7 LEEREEZRIEL &R




# 1 4ppm NO, # 1 HRIRBL 7 v b ORMOMEE SO Na*, K -ATPase

Table 1 Na*, K*-ATPase Activities in Subfractions of Red Blood Cells One Day
after Exposure to 4 ppm NO,

Fractions
Whole Cells
v I 1 I
Control 5.72+0.86 598+0.82 5.16+0.98 5.08+0.22 4,76 +0.64
4 ppm NO, 7.14+045 7.65+0.68 6.38+0.26 6.22+0.44 3.78+0.28
NQ, /control 1.25 1.28 1.24 1.22 0.79

Experimental conditions are the same as described in Fig. 1. Fractionation of red blood cells see the legend
of Fig. 3. Na*, K*-ATPase activity is expressed as gmol Pi relased/hr per mg of phospholipid. Values are

mean £ 5D.

*= 2 4ppmNO,%# 1HMBEL &7 v F ORMERFZES DCa, Mg -AT-

Paseifith
Table 2 Ca?, Mg?>*-ATPase Activities in Subfractions of Red Blood Cells One Day

after Exposure to 4 ppm NO,

Fractions
Whole Cells
v I II I
Control 6.20+0.38 4,124+0.30 3.38x0.46 2.66+0.54 1.60+0.16
4 ppm NO, 540x0.24 3.58+0.12 2.98+0.41 2.18+0.92 1.28+0.76
NQ,/Control 0.87 0.87 0.88 0.82 0.80

Experimental conditions are the same as described in Fig. 2. Fractionation of red blood cells see the legend
of Fig. 3. Ca?*, Mg?*-ATPase activity is expressed as ymol Pi released/hr per mg of phospholipid. Values

are mean+ SD.

= 3 4ppm NO,® 1 HEBEZL 27 v F OAMKBZETO Y T LVEESE
Table 3 The Sialic Acid Contents in Subfractions of Red Blood Cells One Day after
Exposure to 4 ppm NO,

Fractions
Whole Cells
v m II I
Control 12.4+1.2 11.9+25 12.7+32 12.1£1.9 99431
4 ppm NO, 17.2+2.3 174434 18.3£3.5 137+ 1.7 115429
NQ,/Control 1.3% 1.46 1.44 1.13 1.16

Rais are exposed 10 4 ppm NO; as indicated. Preparation of red ¢ell membranes and determination of the
sialic acid content are performed as described under Materials and Methods, Fraciionation of red bleed cells
sez the legend of Fig. 3. The sialic acid content is expressed as y g per mg of phaspholipid. Values are mean *

SD.
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Emblz, MR TRBLABOREVES I THRLSEMEr -, —HSER T, Bl E
[ TEEMNELS B oT0iH, A—ESE2HET 2L, 4O L IIHEED 113 5 5 146 018
LoTED, INPRFERIRTO 7 LVBEESEOBINETEREILTWILDEE2 615,

% =

FEAL T ORMNEELSERELTY v P RIBRE LEETHBET 2 2 L4584, KELOH
B 4ppm NOBBTEEHTH e il (HY), BB LHEQ S 2 ESIVORS
DOEENL, Na', K -ATPase iEt, v 7ABESBOEH L ZEZFTLTEI > T (H1, 3.
Bz, LREE T L RMERE 7 L 2858, Nat, K*-ATPase ?S‘&&U*/?’w@@ﬁ}i, 4 ppm
NO,l HIREE, WEHEOLTFATY, LESRKE L3 2RABEFIVL S Licw Iy, F
B ETHZWRETHEHRPED s, A—EBS*BEE, HEHTEETZ L, WThiER
HTEWEETRL TV (F], 3), -7, Nat, K*-ATPase iR s 7 LEESED 4 ppm NO,
ZBICHEIETR, EEHIVEREROBVCEAIVOEEORBIC I bz ah, BCRHEILH
BTOEEHZVWEAESROLECER2EA*BUCTRBEN CEALTVWAZ I :DRE5IREVEE
25N,

Lo, Ca*, Mg* -ATPase iEMED 4 ppm NORF 4% 5 25812, #RMFk population D ETH) &
BR—BL Tuwhidh-7 (82, 3), WEZTHE L LFROROITIC L g, Ca?, Mg -ATPase
WM, 4ppm NO,] AMERE, HEMOTFATLEAIVGS [ItutHuEL (EFLTS
0, E—HET%, BREHELUHBETHR T2 2ES2 B CRERTEVERERLTHR (B
2o T, 4ppm NO,8F 1 BEE TEZE 217 Ca?t, Mg*-ATPase FHEOETI, EHOoFE
EANOEGOBMOLEL Y &, RENLES THESALERET ORGSR wEELZ N
%,

NO,# A i3, RICEMET 2 £ NO,-, NO- 42 2 eI NTHED, ZA5DOKEFORMER
~DEEFROTEEI 20T in vibo DEBRS S0 ERIDTH L,

- Na*, K'"-ATPase, Ca?*, Mg®*-ATPase iz \> ¥/ b HMEREICTETT L, ARIRAOB A A 8

FEEWRECROBE 2L TED, RORBEORBIIEELRYERLL T, LeLas
&, NOBRBENL THEL - FELA L TR, MBEROFMRECOEEREBOR: LE 2
Hb L BRED,

£z, NORZRBI L O RMROBCRCBOANROMFEH S OBRBIEE SR, ThiTkusl
MEROFE (BB, BFPSATHIRNEROKE) HESh TV LTI an, 08
KDOWTHEPTH A,
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Effect of Nitrogen Dioxide on Activities of Glycolytic Enzymes :
Enhancement of Aging of Red Blood Cells and Subsequent Replacement
by Young Red Cells

AV S R £ S U N 2

Katsumi MOCHITATE?, Takashi MIURA?, Kunimitsu KAY A!
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Abstract

Male Wistar rats were exposed to 4 ppm NO, for 10 days in order 10 examine the effect
of NO, on the enzyme activities of glycolytic pathway of red blood cells. The activities of
phosphofructokinase (PFK) and pyruvate kinase (PK) increased gradually up to 1.20-fold
against the control five to seven days after exposure. This increment seems to support ATP
production.

In order to clarify the reason why these enzyme activities increase in spite of absence in
de novo synthesis of enzyme proteins in red blood ceils, red blood cells were fractionated
into young and old cells by the Dextran density-gradient centrifugation. The increment of
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the enzyme activities was ascribed as follows ; NO, caused an increase in the density of red
blood cell, that is, accerelation of red cell aging. Subsequently, aged cells were replased by
younger ones with higher activities of PFK and PK.

Loz

MBI AROSHEMIC R HE T 2 HELBEL2 R LTS, K2 nx T, NOER
WL o THRIFVERTZFETOVWTREL TERY, ZOESR, TOREOCIBHEBRER?D, + 7V
EREY kY —AHEY, KU Nat, KT-ATPase® ® Ca* , Mg* -ATPase iS22 8225t
ERTZEEBELGLICLI, ATPE, Zhe OBEBERSMMEND Na*, KB I Ca* 44 %
PEHBECEOORLBETHY, $LRMBROBERRY K AHLATWE NOBBITL> T~
ELSOEVRANANES O EET A A, CHEBTT2OLSE Y NADH 11 #H S 218
UTEERINTH Y, L LAR S ZHE T, RO 22 VF —4ERI NORRIT L >TED
EIRERERTIONIODVTRBEVFELED SN TRV, £ 2 TRA T 4ppm NO, %
F v b BB L, ROFROEEREE L UHBCERHRRETH S /12— A-6-) VBEAREE
ROFBHE 2 BB,

Wiz, FORELEOETHEONIHEL, HHED PFK, PK R UHOMRERBRO LGN
#~F, PFK RU PK MR ARIMEROLESEM (L) 72 0o TETF LA, HoBEREY
BIEErAFE LS o, £FZTNOBB L ZRESORMEOBER & IO ELERN
F2o FIER REEBHEEIEICR, REOK X EATREMUAEONS RES TREIT 2
b, MbHBEELTRECHEESNI I LSO o, FLT722A LRIV VR
BELLT v MERVEERS S, FRMFOILESS2REST &, BELLRMBRICRD > TB
WRMBRS I T 2 2 EARD s iz, NORBIC L - TR LB B0 L
DELHEHEEINTS PFK PPKEHIIFLALRERZI RS, LBEOR L DX VESD
AR TTNTOEM B> THBRFEOLFEEOMIHMRD & i, DED 2 x5 NOREIL,
PFK % PK SOBEERCRIEL A CRELS 2 FRIMOLE 2 HME ¥ 5, s HRlERD R
3 FoEL (pseudo-aging) HEHES -2 L, LT IOBL AL FOBELHRMERKE
EsTREONNL I E, RUZOEFRMMOEMHHMIHRLEO PFK P PKigE LR 2 €
T Z LB Ro Tz,

&

1. BEBSFERUVEHOREE

6Uor—EEr L7z Jol : Wistar B> » b (16—20:84) i< 4.0ppm NO, % 10 B ERRE L
oo BRBEFETERNCERRL D~ YEETCIRML 72, RO E AR EIEARTREL -
%, 1580 10mM b U AEBEER (pH 74) 23FNL Tl &4, €#h% 15000 rpm X 20 53




NO, DRI R I BT+ R

BLLTEBEER. TOLBIZ 1.0 mM‘fﬁﬂj'??'i?w‘/'?A, EC0ZmM zF Ly P 73 vT 7
Befe7 b U v A (EDTA) %ML TERERRNEOCRE L L,

2. HE7IZNeFICroBRS5RFE

B =t F7 Y2 EBNAERCE?L G0mg/ml), A7y 7 40y —(2 ) RT
ft, R7—4A4 X 045 um) THRBE L%, 05ml Fo3AMT v P ETEELE. OB
~7w bz Yy MER, REFBHEHCEINEBEL L TEHNAEKOZE2BELESy FOHED
66 %I TETLLY, ZOBRKEBCLALINIBERINSBICETEEL, Y= AE RSy
YEBSLL7y P NORBBET 284K, EMEN7 s e P3P o B5HBE» LT
Wl BB L,

3. FHRLM5LTA40BEIEEL

FMLIz~tY Y% 1/3BEDSYT FA T U EHEBS L 724, Abraham 0 FEY ot
vy, FBRDU~S0%F ¥R I BAEEER LA Licoe, 25000 rpm X 90 O Ui, SO
CEF -7, AMRRGECEVICLVETFA LS VEROFHECERLL: (M), 0
WL THEESNROREFLEORE WAL EICES | ~V AT, SHELZRDKZ, &
BRREKTTOBE L BT OER RV,

Sample —=
24
28 v
Dextran T40 - W
solution (%) 30
> I
32 1
34
50 I
Fraction No.

B 1 7*A b7 EEARREGIC L 3ROROSE

Fig. 1 Fractionation of red blood cells by the density-gradient centrifugation
A discontinuous Dextran T40 gradient was formed by layering 34%, 32%, 30%, 28%
and 24% solutions on 50% Dextran solution. After centrifgation at 25,000 rpm for
90 min, red blood cells were located onto the interfaces of each Dextran solution,

Fractionated cells were designated as fractions I, II, III, IV and V from the
bottom layer,
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Effect of NO, exposure on the activities of glycolytic enzymes (HK,
GAPDH, PGK and LDH) and G6PDH of red blood cells

Rats were exposed to 4 ppm NO, for 10 days as indicated. (1), hexokinase (HK);
(2), glyceraldehyde-3-phosphate dehydrogenase (GAPDH) : 3-phosphoglycerate
kinase (PGK); (4), lactate dehydrogenase (LDH) and (5), glucose-6-phosphate
dehydrogenase (G6PDH). -----6-----, control ; —@——, exposed (mean+ SD).

Fig. 2
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Fig. 3 Effect of NO, exposure on the activities of phosphoiructokinase (PFK) and
pyruvate kinase (PK) of red blood cells
Rats were exposed to 4 ppm NO, as described in Fig. 2. (1), PFK and (2), PK.

----- &-----, control; —@——, exposed (mean+3D). * P<L0.05; **, P<0.
015 *+*, P<0.001,
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Table 1 In vitro effect of sodium nitrite on the activities of phosphofructokinase and
pyruvate kinase in red blood cells
NaNO, (mM)
0 01 0.2 0.5 1.0 2.5
PFK 131 122 124 136 125 127
(102) {102) (106} (102} (102) (104)
PK 117 108 109 117 111 113
(101) ( 99) (104) { 99) (102 (105)

Bloods were diluted with an equal volume of incubation medium (6) containing various toncentrations of
sodium nitrite. After incubation at 37°C for 1 hr, red blood cells were collected by contrifugation, washed with
saline and used for determination of activities. Values were expressed as the percentage of the activities of red
blood cells stayed on ice without supplement of sodium nitrite. Isolated red blood celis were also incubated
with sodium nitrite and values were shown in parentheses.

PFK, phosphofructokinase ; PK, pyruvate kinase.
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Fig. 4 Differences of the activities of the glycolytic enzymes and G6PDH between .
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the fractionated red blood cells

Red blood cells were fractionated by the Dextran T40 density-gradient centrifuga-
tion at 25,000 rpm for 90 min. Fractions I and IV+ V are the cells of the highest

and the lowest densities, respectively.

(1). HK; (2), PFK; (3), GAPDH ; (4), PGK; (5}, PK; (6}, LDH and (7),
G6PDH. Abbreviations are the same as described in the legends of Figs. 2 and 3,
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Fig. 5 Effects of NO, exposure on the distribution of red blood cells and the

activities of phosphofructokinase (PFK) and pyruvate kinase (PK) of the
fractionated cells

Rats were exposed to 4 ppm NO, for 7 days. Afier exposure, red blood cells were
fractionated as described in Fig. 4. (1), distribution of red blood cells. Each
fraction is shown as the hemoglobin content. (3a) and (4a) are the recovered
activities of PFK and PK, respectively. (2), (3b) and (4b) are the specfic activities
of G6PDH, PFK and PK, respectively. ----- B-----, control;, ——®—, exposed
(mean+SD). *, P<0.035.
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Fig. 6 Effect of acute exposure to NO, on the distribution of red blood cells
Rats were exposed to 4 ppm NO,; for 4 hrs. After exposure, red blood cells were
fractionated by the density-gradient centrifugation. Each fraction is represented as
the hemoglobin content, ----- G-----, control ; ——&—, expo§ed (mean£S8D}. *,
P < 0.05.
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Fig. 7 Change in the distribution of red blood cells of rats treated with the
subcutaneous injection of phenylhydrazine
Phenylhydrazine solutions (15 mgX3) were injected subcutaneously for three
consecutive days. -----9--~- and —@——, the distributions of red blood cells of
the 16th and 27th days of the beginning of injection, respectively.
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BREOEE
Effect of NOQ, exposure on the distribution of red blood cells of rats treated
with phenylhydrazine
Rats were treated with the subcutanecus injection of phenylhydrazine (see the
legend of Fig. 7} and exposed to 4 ppm NO,. Sampling of bloods was carried out
on the 14th day of the beginning of injection. (1), (2), {3), (4) and (5) represent
the changes of fractions T, II, IIl, IV and V, respectively, during exposure. Each
fraction is expressed as the percemage of the total hemoglobin. ----- G-----, control ;
—&—— exposed (mean+SD). * P<005.
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Fig. 9 Effect of NO, exposure on the activities of phosphofructokinase (PFK) and
pyruvate kinase (PK) of red blood cells of rats treated with phenylhydrazine
The details of the exposure are described in the legend of Fig. 8. (1) and (2) are

the specific activities of PFK and PK, respectively. ----- &-----, control ; —e——,
exposed (mean+SD). **, P<0.01; **+ P<0.001.
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Fig. 10

F—¥ ALY B —YERCRIZT 4 ppm NO, 10 HHBBOEHE

Effect of NO, exposure on the distribution of red blood cells and the specific
activities of phosphofructokinase (PFK) and pyruvate kinase (PK) of the
fractionated cells after the treatment with phenyhydrazine

Rats were treated with phenylhydrazine before exposure to 4 ppm NO, for 10 days
(see the legend of Fig. 8). (1), distribution of red blood cells. Each fraction is
represented as the hemoglobin content. (3a) and (4a) are the recovered activities
of PFK and PK, respectively. (2), (3b) and (4b) are the specific activities of
G6PDH, PFK and PK, respectively. ----- ©-----, control ; —®——, exposed
(mean+SD), *, P<0.05; **, P<001; ***, P<0.001.
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Selective Changes in Fatty Acid Composition of Phosphatidylserine
in Rat Erythrocyte Membrane Induced by Nitrate

wWHEFN - = =
Kunimitsu KAYA' and Takashi MIURA!

® H

REABFRMETH S NOOIEHIIBASRTEU 2B/ 4 itk T oy bR
BRR77F V) ORBEBABICELSES C 2Rl

FRMMERFAERGEE - 37°C, 1REM4 > Fax—rF 2L, (I-HC)7FF P vBE(9, 10-
H)AV I FVBORRT 7 F VALY Y ADIRDALEFRFAAT7 FUNZF ) — 0
FRuvAOmMOAHERECFNFN15% (80 pmol/h per gmol lipid-P) BRUF20% (2
pmol/h per gmol lipid-P) Th otz RAZ 5 FYAIF /=N TF 2 vADT7F N>
L LI FUBOM Y AAEEE R 1L0mMBEBA A v 72305 MDA % /K7
A231B7 DM & » T 14 i@ s hte, — T, IV F VO R AY 7 F 902 Y v
ADEDARZIZLACEESZI RN, TI2XFVBORAZ7+20EY va
OE DA 135 Eic{RgEs R,

RATZFFVARYOT IR CBEEORMIMIWE A 4 > TH A23187T CLEES
iz, 2OT7 7% F BESEOBIMHIRA D v 7 A 4 Y BECRIEL Tk, 27,
HELUADAA POy 2 A DEMICL > THRI 270, TR S OIBRIIFHEREA A >
Wk o THRIMBMBEA~D A 37 AOR D AASREENAZLERTIOLEL SN,
MREAA VY ABEOHEMERMIKEICEET 2 Acyl-CoA : Lysopholipisd Acyl-
transferase PR AR U AA—¥ A, OEHEELT I SEITLELLN S,

Abstract .

The relationship between nitrate whic is formed from inhaled nitrogen dioxide, a
common air pollutant, and changes in fatty acid metabolism of phospatidylserine in rat
erythrocytes has been examined. When erythrocytes were incubated at 37°C for 60 min with

* K%V OEEIZ, Bicchimica et Biophysica Actaiz IR T# 2,
L ENIAEWRES RRAEWE TS BRBRHAIVSHIEEFN6E2
The National Institute for Environmental Studies, Basic Medical Sciences Division, Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.



fHaEt = =

fatty acid, the incorporation rate of [1-*CJarachidonic acid and [9,10-°H]palmitic acid
into phosphatidylserine was 15% (80 pmol/h/umol of lipid phospherus) and 20% (12
pmol/h/ymol of lipid phosphorus) of those into phosphatidylethanolamine, respectively.
By the addition of 1.0 mM sodium nitrate or 0.5 ¢ M A23186 to the incubation mixture, the
rate of incorporasion of both arachidonic acid and palmitic acid into phosphatidyl-
ethanolamine was stimulated (o 1.45-fold. On the other hand, the incorporation of palmitic
acid into phosphatidyiserine was little affected, while that of arachidonic acid was stimulated
to 1.35-fold. An increase in arachidonic acid of phosphatidylserine was also found by the
addition of nitrate or A23187. This increase was dependent on the concentration of
extracellular calcium and observed by the addition of other chaotropic anions in the order
SCN->Cl0O,~- > NOQO,~. It seems likely therefore that nitrate causes changes in erythrocyte
membranes to facilitate calcium uptake. Increasing concentration of intracelular calcium
may cause stimulation of acylCoA : lysophospholipid acyliransferase and/or endogenous
phospolipase A,.
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Table 1 Fatty acid compositions of phosphatidylserine, phosphatidylethanolamine
and phosphatidylcholine of rat erythrocytes incubated with nitrate
Phosphatidylserine Phosphatidylethanolamine Phosphatidylcholine
Control NaNG, Control NaNQ, Control NaNOQ,
16: 0 6.0+0.1 34010 295102 29.7+0.2 448106 45.8+0.6
18: 0 23.9+0.3 21.4+04** 03102 2.8+0.1 16.3+0.2 16.5+0.2
18: 1 5102 5603 80x0.1 79+01 77+0.1 79101
18: 2 59+0¢1 58+02 4.410.1 4.3+01 14.6+0.1 1424+0.2
20: 4 52.6+0.1 ST.1£0.4%* 38.1+£0.2 38002 14.5+0.2 142402
20: 5 0.6+0.1 06102 0.8x0.1 08x0.1 — —
22: 4 — — 4.11+0.1 42+0.1 — —
22:5 — — 6.8+0.1 6910 — —
22: 6 58401  6.1£02 53102 54102 — —

Rat erythrocytes were incubated with 1.0 mM sodium nitrate in the incubation medium containing 4 mM
CaCl, at 37" for 60min. Purification of phospholipids and determination of their fatty acid compositions were
performed as described under “Experimental Procedures”. Values were expressed as percentages {mean+5D,
n=3) of the total fatty acid recovered. The significance of the difference between controt and nitrate-treated
values was shown: **p<0.01; ***p<0.001.
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Effect of nitrate on fatty acid composition of phosphatidylserine(PS) in
erythrocyte membranes .

The incubation media contained 100 mM trisodium citrate, 4 mM NaH,PQO,, 2
mM adenine, 20 mM inosine, 10 mM glucose, pH7.5. The media were supplement-
ed with 4 mM CaCl, and sodium nitrate in the concentrations indicated. The
incubation was performed at 37°C. 60 min after incubation, erythrocyter were
washed with 0.9% NaCl and erythrocyte membranes were prepared. Purification of
PS and determination of fatty acid compaosition were performed as described in
“Experimental Procedures”. —e—, arachidonic acid(20: 4); —o—, palmitic acid
{16 : 0) plus stearic acid(18: 0). Each point was the mean of three samples and
error bars represented +SD.
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Table 2 Fatty acid compositions of 1- and 2-positions of phosphatidylserine in rat
erythrocytes incubated with nitrate

Control NaNOQ,

whole® l-position®  2-position® whole® l-position® 2-position®
16: 0 62201 50x1.2 7.3+1.3 32400 5115 22+1.7*
18: 0 240403 41.0+1.9 84+1.7 20.9+0.4%* 8710 6.2+1.7
18: 1 50+0.2 8.0x04 23402 53403 9.5+£09 1.9+0.1
18: 2 5.94-0.1 38402 79+03 58402 48404 67405
20: 4 52.3+0.1 37517 659+1.5 57.4+04>*> 36.2+ 1.7 75.T7£2.7%*
20:5 0.6+0.1 — 1.0+0.4 0.6+0.2 — 0.9+04
22: 6 6.01£0.1 4.6x02 7.3£03 6.6+0.2 58+04 6.4+05

2Fatty acid composition of untreated TNP-PS

"Fatty acid composition of TNP-lysoPS.

“Fatty acid composition of free fatty acid.

Rat erythrocyles were incubated with 1.0 mM sodium nitrate. Incubation, purification of P§ and fatty acid
analyses were performed as described in Table | and under “Experimntal Procedures”. PS was purified as a
form of 2,4,6-trinitrophenyl-P$ and 2,4 6-trinitrophenyl-PS was treated with snake venom phospholipase A,.
Resulting products, 2,4.6-trinitrophenyl-lysoPS and free fatty acid, were separated by TLC. Fatty acid
compositions of 2,4,6-trinitrophenyl-fysoP$ and free fatty acid were expressed as those of 1- and 2-positions,
respectively. Values were expressed as percentages (mean+S8D, n=3) of the total fatty acid recovered. The
significance of the difference between control and nitrate-treated values was shown: *p<0.05; **p<0.
01; ***p<0.001.
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Fig. 2 Eifect of nitrate on incorporation of [1-*C]

arachidonic acid(20: 4) into phosphatidyl- Fig. 3

ethanolamine (A), phosphatidylserine (B) and
phosphatidylcholine (C) of erythrocyte
membranes

Erythrocytes were incubated with 1.0 mM
sodium nitrate in the incubation media
supplementied with 4 mM CaCl; and [1-14C)
20: 4 (3.6 pCi) complexed to BSA. For the
incubation condition see the legend of Fig.l.
Purification of ecach phospholipid and determi-
nation of radioactivity incorporated into
phosphbolipid were performed as described in
"Experimental Procedures”. -o—, —aniftrate;
—e--, tnitrate. Each point was the mean of
three samples and error bars represented +5D.

Effect of nitrate on incorporation of (9,10-3
H)palmitic acid{16: 0) into phosphaiidyl-
ethanolamine (A), phosphatiserine (B) and
phosphatidylcholine (C) of erythrocyte
membranes

The media were supplemented with 4 mM
CaCl, and [9,10H)16: 0 (3.64M/27,Ci)
complexed to BSA. Other conditions-were the
same as in Fig.2. Each point was the mean of
three samples and error bars represdnied +SD.
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Table 3 Effect of anions on increase in arachidonic acid content of phosphatidylse-

rine

Addition Arachidonic acid % of control
none 52.440.1% (100)
Na, S50, 52.8+0.2 101
NaHCO, 53.140.3 101
CH,COONa 53.840.2%** 103
NaNO2, 57.3£0.4°%* 109
NaClo®, 58.14£0.4%4+ 11
NaSCN# 59.2+0.7%** 113

tchaotropic ions

Rat erythrocytes were incubated at 37" for 60 min with sodium thiocyanate, sodium perchlorate, sodium
nirtate, sodium acetate, sodium bicarbonate or sodium sulfate at the final concentration of 1.0 mM in the
incubation medium containing 4.0 mM CaCl,. 20 : 4 content of PS in erythrocyte membranes was determined
as described in Fig.1. Values were expressed as percentage (mean+SD, n=23} of the total fatty acid recovered.
The significance of the difference between control and anion treated values was shown: ***p<0.001
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By AT AVLRDANLY T LA A VRBERFNENAL 165 BLU330uM THY, AV YL
AX BEOEIMZONTPS ©20: 4 SEBHML, —F, ©7 2> % ARV EGTA 2HML
SR PSO20: 4 0RBEEELE ke o,

PSO20: 4GB IURVARICRIZTA) VAOBELENL bz, AF4 70RO 7L
YEBEF PV T LRI IVBREA Y VARBRLIAT AV ASEYU L TEOREL T, F4
WRLEIRAVTARAT 4 VAL 2 TPEAD 20 4 DEDAABES 2 50, SHEELR
UME%ETL7D, PSO20: 4 8RRV 20 AOWMONAHRA VT ABEORINC L > THESD
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Table 4 Effects of extracellular potassium and sodium on increase in arachidonic
acid content of phosphatidylserine and stimulation of [[-*C) arachidenic

acid incorporation into phosphatidylserine and phosphatidylethanolamine
induced by incubation with mitrate

Extracellular monovalent cation

Sodium medium Potassium medium

Arachidonic acid content in P§® Control 53.040.1 527101
NaNOQO, 57.110.4*** 57.3+0.3%*
NaNOQ,/Control 1.08 R

20: 4 ingorporation into PS* Control 0.82+0.09 0.83+0.08
NaNO, [BUEIVALY 1.12+0.10*
NaNQ,/Control 1.34 1.35

20: 4 incorporation into PE® Cantrol 53x04 5.1+03

' NaNO, 74106 53106

NaNOQ,/Control 1.40 1.04

3% of the total fatty acid

Pnmol of 20: 4 incorporated X10-'/ymol of lipid phosphorus/h

Rat erythrocytes were incubated with 1.0 mM sodium nitrate in the potassium (100 mM tripotassium citrate)
or sodium medium (100 mM trisodium citrate} containing 4.0 mM CaCl, and 20:4 content of PS was
determined as described in Fig.1, In experimentr on (1-#C) 20 4 incorporation 'nto PE and PS, erythrocytes
were incubated with [1-C) 20 : 4 cnmplexed to BSA in the presence of 1.0 mM sodium nitrate. Purification
of PE and PS, and determination of radioactivity incorporated into PE and PS were performed as described
under “Experimental Procedures” and in Fig. 2. The significance between control and nitrate-treated values
was shown: *p<005; ***p <0001, (mean+S8D, n=3).
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Table 5 Effects of A23187 on arachidonic acid content of PS and rates of (1-44C)
arachidonic acid and (9,10-*H)palmitic acid into PE and PS

controel® A23187° A23187/control

Arachidonic acid content in PS*

Sodium Medium 524301 552404 1.05

Potassium Medium 522401 554%0.5** 1.06
Arachidonic acid incorporation into PS¢

Sodium Medium 0.824-008 1.07+0.09* 1.30

Potassium Medium 0.83+0.08 1.09+009* 1.31
Palmitic acid incorporation into PS¢

Sodium Medium 0.12+001 0.13+001 1.08

Potassium Medium 0.121+001 0124001 1.00
Arachidonic acid incorporation into PE?

Sodium Medium 53+04 T77+06" 1.45

Potassium Medium §51+03 52106 1.02
Paimitic acid incorporation into PE¢

Sodium Medium 0.61+005  0.88+0.06"* 144

Potassium Medium 0.61+005 0.60+0.06 0.98

2Control incubation mixture received ethanol (0.5%)

®A23187 (0.5 4 M) in ethanol (0.5%)

% of the total fatty acid in PS

“nimol fatty acid incorporated 107/ mol of lipid phosphorus/h

Rat erythrocytes were incubated at 37° for 60 min with A23187 in potassium or sodium medium containing
4.0 mM CaCl,. 20: 4 content of PS in erythrocyte membranes was determined as described in Fig.1. In order
to examine fatty acid incorporation into PE and PS, incubation was performed in the presénce either of [1-
™C) arachidonic acid or (9,10-°H) palmitic acid complexed to bovine serum albumin. Incorporation of
ratlioactive fatty acid into PE and PS was determined as described in Figs. 2 and 3. The significance between
control and nitrate-treated values was shown: *p<0.05; ***p<0.001. (mean+SD, n=13).
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Fig. 4 Effects of calcium and magnesium on increase in arachidonic acid (20: 4)
of phosphatidylserine of erythrocyte membranes
The incubation media were supplmented with 1.0 mM sodium nirate and
CaCl, or MgCl, or MgCl, in the concentrations indicated. For other
experimental conditions see the legend of Fig. 1. @ |, +calcium; A& , +
calcium +9 mM EGTA; O, +magnesium, Each point was the mean of
three samples and error bars represented +SD.
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Effects of Nitrogen Dioxide on Components of Red Cell Membranes

of Rat: Effects of Sodium Nitrate and Sedium Nitrite
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Abstract

In order to clarify the chemical forms of NO, producing alterations of components of red
cell membranes, rat bloods were incubated with nitrate and nitrite ions, possibie products of
inhaled NO,, and changes in components of red cell membranes were examined. Sixty
minutes after incubation at 37°C, the hexose content of red cell membranes was decreased to
77 % of the control by 0.1 mM sodium nitrite and the sialic acid content decreased slightly
at the concentrations ranging from 0.1 to 1.0 mM, By contrast, addition of sodium nitrate
resulted in 2 marked decrease in the sialic acid content and in a slight reduction in the hexose
contens. Ca?*, Mg?*-ATPase activity of red cell membranes alse showed a rapid decrease
dependent on the nitrate concentration up to 0.2mM followed by a slight decrease. Addition
of sodium nitrite caused a decrease in Ca?t, Mg2*-ATRase activity similar to that of sodium
nitrate but the effect of the former was less significant. The Na*, K*-ATPase activity altered
slightly upon incubation with these ions.

These results support that the hexose content and the Ca?*, Mg?*-ATPase activity of red
cell membranes are decreased by elevated levels of nitrite and nitrate ions, respectively, in the
blood upon exposure to NO,, but increases in the Na*, K*-ATPase activity and in the sialic
acid content are not due to these ions.
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Table 1 Effects oe one-day exposure to NO, on components of red cell membranes

Components Control 4 ppm NO, NO,/Cont
Sialic Acid! 124412 17.24+2.3+ 1.39
Hexose! 55.1+4.9 43.0+3.3 0.78
Na*, K*-ATPase? 4.8+0.1 6.1+0,7* 1.27
Ca?*, Mg?-ATPase? 57108 43107 0.75

yg/mg of cell membrane phospholipid.

2ymol Pi released/hr per mg of cell membrane phospholipid.
*p<0.05

(mean+8D)
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Fig. 1 Changes in the nitrite concentration in the blood during incubation
Addition of sodium nitrite: ©¢0.1 mM; @, 0.5 mM.
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Fig. 2 Changes in the hexose content of red cell membranes during incubation

of red blood cells with sodium nitrite
Addition of sodium nitrite: ©,no addition; x0.lmM ; l,0.20M ; @0
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Fif. 3 Effects of sodium nitrate and sodium nitrite on the hexose content of red

cell membranes
O ,sodium nitrate ; ® sodium nitrite. (mean+SD)*p<0.05.
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Fig. 4 Effects of sodium nitrate and sodium nitrite on the sialic acid content
of red cell membranes _
O,sodium nitrate ; ® sodium nitrite. (mean+SD) *p <0.05.
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2. FFMIREEO ATPase St RIZTF MBS MY 7L BT ) 7008R

5, B Y oL s EREERF b)) v AHKRMERED Na*t, K*-ATPase iz RIZTHEE T
Lo 0.1 mM OfEES » ) o 4T Nat, K*-ATPase I BMED 91 %@L Lz, 02
mM T2 102% & %2 0 S RINEE & B2 LiEkipc cBid Lok, EES ) 7 A0
BRI U Y A LERRD Sy — v R L5002 mM T Na*t, K*-ATPase iz 105% &4 7
HIHBEE LB DIERINEE O LR DHET Uiz, Ca?*, Mg?-ATPase IGMEHEE U t
7 LD & 5T Na*, K*-ATPase & b bBHEREL 72 (H6), 0.2 mM & TREFMBEE
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WBED 75 %o o 7z, KB - + U 7 A LESEE 7 b U 7 A L AERRIC Ca?*, Mg?*-ATPase &t %




NO- O FRMBER T RIZTEH

o

80
60

40t

% of the control

20f

o 05 10
Concentration (mM)

B 5 mEEgs b U ARUEREEE S b)Y ADTRIUBREE Nat, K*-ATPase &
M BT iR

Fig. 5 Effects of sodium nitrate and sodjum nitrite on the Na*, K*-ATPase
activity of red cell membranes
O ,sodium nitrate ; @ sodium nitrite.
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Fig. 6 Effects of sodium nitrate and sodium nisrite on the Ca%*, Mg#+-
ATPase activity of red cell membranes
O sodium nitrate ; ® sedium nitrite,
(mean=SD)**p < 0,01
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FTAEEER 02 mM QRS A4 L BET 83 % IR L BEREE 4 F v OBRIIMEITH 0
magp st (K4, ZhsDFERDS, NORBEC L > TP ORMER 4 >~ WIHE A
A v 01~02mM i FRT T IRMET~+ Y — A8V THESROE THNE Z 5 ATREN
HIER & 2% o T,

TSRS 4 A > L TAEE A 4 4 Na*, K*-ATPase B RIZTHREMBTH -7 (K5), EH
B A A L OIRINC L D 02~05mM OEESHETER LTI LA L 2474 ppm NORE TH
EahhEELEIMCHET 2 L EL (Mhan (R, —F, Ca**, Mg*—ATPase & %1 A
F v OFMBE I KTEL TP U (K 6), Bl 4 v OETHEGRIREOHEMA 4 ek~
TINS o feo tE = T, B A A > 08 Ca, Mg**-ATPase I 2 E T & ¥ 28z 1 v Fa~—
Vg v EREA A L A A OBRICLAEEZONE I L LMETHES (K
Do 2O LD A & > L HEEEA 2 R IFREOT ATPase HHE2ET S v 2R EFDL,
M FEEE 1 4 BEAKEINT 4L Ca?*, Mg*-ATPase IFMstA T2 2L, Ty Micli
HAF v EBELLERTLIEEI Y,

ProEResEI LT, 4ppm NORBW & » TEEs N RMREO~F Y —AZREOHEIE
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Effects of Intravenous Injection of Nitrate and Nitrite Ions

on Red Blood Celis and Liver Microsomes of Rats

Ex #-B &—-=H =
AN - Frazm s

Manabu KUNIMOTO!, Hirokazu TSUBONE?, Takashi MIURA!,
Kunimitsu KAYA! and Katsumi MOCHITATE!

2 ]

TEBEER (NO,) 0N ToOERBEL+H LT 20, 7 v MICTHEEA 4>
LERYER A 4 v R RBREATICENE L CRMBER S L 2 2 v — AR S 0Bk ERA,
Sy M2 50, 100 B UF 200 mM RS b U v A% 1 RERIEIC 5 BISsET 2 X, SRR
MFEPORER A+ BESEL016, 030 RU070mM & o7-, EEES MY 74D
ETLAREOWEA A BEMRID SN, RS MY Y ARUTEEES )T ADE
I E b FRIMEREE D Ca?t, Mg?*-ATPase & Na*, K -ATPase B &BET 8 w208, 1
B U T A0EFAETHEIASE 54,27 Nat, K*-ATPase L P & Ca®, Mgt -
ATPase EEOETOESIKE L, SORVIOmMBEBF Y Y L k> TRARE
ED68% (p<0.05) k69% (p<0.05) wETHALR,

HEEF PV Y ACBERF: 70y —LES2ETE 2 @AY TR L. TOFRE
NO, RBEOBE L FAMRICF 7 o— A P-450 5 L U'NADPH-F b+ 7 o — A ¢ BTTRER
CREMENE, T, B b U v ADOBERF 7 0—4 P40 KBV RREEETRL
NOZB e B 2R ERL,

IREOFERL S, NOBRR L - TEES N7 RIMERE Ca*, Mg2r-ATPase iEft &
FFi:zoy— 2 BYREEMACET RORPIC e 4 v BEsnTr iz s o
HIE S I o,

Abstract
In order to clarify the reactive form of NO, in blood and tissues, sodium nitrate and
sodium nitrite, possible products of inhaled NO,, were injected intravenously into rats and

1. EiAEFTr BELSEE TI05 FRERBEEESHI)IF)I16F2
The National Institure for Environmental Studies, Basic Medical Sciences Division, Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.
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alterations in cell membrane components of red blood cells and in components of
microsomal electron-transport systems of livers were examined. Five-times injection of
sodium nitrate at 1-hour interval resulted in elevated levels of blood nitrate ; 0.16, 0.30 and
0.70 mM upon ¢.4-ml injection of 50, 100 and 200 mM sodium nitrate, Similar levels of blood
nitrate were found by injection of sodium nitrite. Ca?*, Mg?*-ATPase activity of red cell
membranes decreased by sodium nitrate and reached 68 % (p <0.05) and 69 % (p <0.05) at
the injection concentrations of 50 and 100 mM, respectively. Sodium nitrate also resulted in
a slight decrease in Na*, K*-ATPase activity. These ATPase activities also decreased by
injection of sodium nitrite and the magnitude of reduction was smaller than that by sodium
nitrate. Components of electron-transport systems of liver microsomes were decreased by
injection of sodium nitrate and showed an alteration profile similar to that by NO,
inhalation. On the other hand, the effect of sodium nitrate was specifically deteriorative to
cytochrome P-450.

These results support that elevated levels of nitrate ion in the blood cause reduction in
Ca?, Mpg?*-ATPase activity and in components of drug-metabolizing system in liver
Microsomes.

L

B2z INETENOOBAERPTOMBRS L BBOSLFEEZIRSCRIZTHELRFL
THbz, 7 ORER, FOBRETHE~F Y —ASBOED & Ca®*, Mg*-ATPase IEMMET T4 2 &
EREUT, g7, 0, H, BSEBOI 7oV -LBTEERRSVEL T2 288l
AR

NO,# A FERBICBEAZND LB W THEA 4 > CHEEA A OB THEFCAD
R EBEERT 22, 5T, NO,OBEBEZERRHRS TR NO,OBETIThh 3885, Mtk ask
UVFEIR AR DA O SRR o U C kM A o v & HiEEER A A OB TIER T A RRER A E L b b,
FITERE, ZyrOfFEers i 7V — AR NBUHEBRA A v RUEHBRA Ay 4 v ¥
NRe=parlTi20V—LbRA0OERCOWTRE L, TOBE, 2BLLI 70V —L0K
BT TR A A ORIRIE, BT IBREF P 70— AOEERUFELDOEENE W IET
NOBEMITI 70V — 2RI T#R e L (KL T wit, &7, AT v & DA%
SVBEURSER A A v R SRR 4 A o ARMBRER S C RIZTTRELRE L -ER, 4 ppm NOBE
EoTEILZAFVY—AZEOETIHEMEEE/ 7 Y iT k> T T 9 Ca**, Mg -ATPase MO
DIITEEE A A Ik o TwW AHREMED R & vz,

AR, NOBBIZ L > T8 2 3 5BBESORL S, NORRIC L » TIIEF M+ 258
B4 A o b B A OEBXGHEENCERALLERTHI I 23ELD Db ITo 7,
Fy MCESEET P T ASAVIRENET MY T ASBRELAMRERS I 2oy — AR08
FHrpEERE L,
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Jel: Wistar 07 v F ONEERICH 7 —F A 2@ LEIE L 72, RIBREL I L 12, FiiiE
2HBRAF—7FA%EBL T 04ml ORSEEF b ) 7 AW IERERKR S U 7 LBBEEAL, B
sty o (500 B4 /ml) REIU7 0.95% NaCli# 0.2 ml #HABERALL, MNEEOS v
PIZRTEES MU UL, BT Y LA0RD D095 Y% NaCl B % 04ml #FEA L, 1B
FIEIC 5 BiEA LEEOEAD S 1R E SR SR L ER L 72, MEHOMNIR1 4+ L8
R A OHTER, CHEAAYORARBCHT—F A L0 02ml Bl LIT- 7. EinE#E
FPHE % 578 U 0.95 % NaCl @i TRl L Mg &bk Uiz,

2. HROREE

ARIMERiG R 7272 B MR L DB L D 2BEL 5 EAD 0.95% NaCl BT 3 BYME 15
fERO 10mM b ) AEEE (pH 74) BB LM & ¥ 72, iM% Dodge & O7FEY THRINKE %
ABLL, ATPase FMOBEICHL 1, B L ZHFEEZ 10mM ) AEERE S 015 M KCL 5
FHTHELL, Ko —BF72viT 34 F—TFETYVaFr—b L, AEY2ih— 1 id
10,000 X g 15 43I0 HE, RO ETE% 105000 X g 60 HRELL 3 70y — ABESEEML 2,

3. BREMRUFIIR—LEBOWE

FRINEKEE ATPase DiFEMI Luthra & Kim o FEY C L DHIEL )2, 3 20V —A4 % NADH-+
VW o— 4 ¢ BRUBEERCNADPH-F 70— 4 ¢ BOBEEOEERE Omuwr & Takesue ©F
EMEofilEL, Fhro—A P40 RUF 70— A A& Omura & Sato D FEY CER
Lz

Hredaeadr—1r0y 28 Lowry 3B It L ERE L, RIMEED ) ~IBE &3 Harris
LOHENITLDRDI,

MEF OEEE A A > & BIHER A A BEOHIE Y Oda 5D AENC LV IT- 70,

# %

1. WEF ML BEHER;T IV L0KEIC S 5 MEPHEA At B+ - RENT

1k

9 bz 100mMREF M U v A% 04ml FOMET 5 LI HOME S A~ BRE I 4 RAE
THIF—EDEERT I35 o7 (H D). 2 OBRMBEFHEE - 4 ~BEIX 030 mM L NRBIEOHK
6fFIC EHL Tuase, 100 mM DEEREE 7 b U 7 A2 #RE L RS, TR TR L EHER A A S RE
REA 1 RMB I 0.05mM 2 & TRA L EARROEING & 2 Mg O EEEA 4 > RE
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Wi, BEREBEFEC L 5 ANRERRELOEL

DERGREb oL, o (K2, —7, BT TV Y LO8E X 0T OMEBA 4 BRE
AR ORI Ee EF L 5 MBI 023 mM &2 o7 B bV v A NI S Y
7 LOBERE R 50mM, 200mM & LGS EROEASEES L, B, WHEFHY Y
ANGEHERSEE S b U ok I B SRBPE L 7y F @ S EEEIEIC B B MR A 4 B
BEFLT, MENOHEEA F Y BEFEEACHALLHEES N v 20BECRELTERL, 50,
100, 200 mM T&%0.16, 030, 0.70mM TH-7z, FHRCEREF U 7 AEFALLESLE
THER b U 7 A8 50, 100, 200 mM Zxf L TR OHEE 1 7 »RER’ 017, 0.23, 055 mM &
kot

3* 1 NaNQ; Xit NaNO, o#itic k 2 mEd o NO; 854
Table 1 NO3 concentration in blood of rats at 5 hr

Concentration of NO3 {mM}

Injection
NaNOQ, NaNQ,
Control < 0.05 < 0.05
50 mM 0.16 0.17
100 mM 0.30 0.23
200 mM 0.70 0.55

2. MHERF P VUV ALARGEMES L7 AOBES RO ATPase SEHRIITER
4w ippm NOR 1 BHEREL 7 v+ OFRIMEKE ATPase \§E% R L1z, ANV LAS
> OFRMERNEE 2S5/ L T3 Cat, Mg -ATPase Fi% ik NOBE T L > THEBHD 8T %
(p <005) EHFBECET L, 72, FMEkL S+ MY v AL F vORAEL 21T T3 Nat,
K*-ATPase i3 #[#EEED 1.25 E L MT 2 ERAHSRBD Shic, BT U 7 A28ELHS, 30
mM 7 100 mM D% T Ca?*, Mg® ~ATPase B4 13 &4 MIBEED 68 % (p < 0.05), 69 % (p <
0.05) = FECRA Uz (F3), N, K-ATPase ¥ LA LB MY Y LOBECEEL
THLT 2R %E R LIz BIEEES bV v A2 BHEL 1284, Ca, Mg*-ATPase I I HREH O
0% ~21%OBPERER L (F 4. 77, Nat, K-ATPase &5 RIRECH A EHE D
s,

iy 2 4ppm NO; 1 HH&ERE T X 2 RIMMERE ATPaseDE L
Table 2 Effect of one day exposure to NO, on the ATPase activities of rat red cells

Ca?+, Mg**-ATPase! Na*, K+-ATPase’
Control 620 £ 0.38 5.72 + 0.86
Exposed 5.40 + 0.24* 7.14 £ 045
' p mol Pi released/hr/mg of phospholipid *p < 0.05 (mean + SD,, n = &)
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# 3 FEkEE ATPase - K2+ NaNQ, it OR
Table 3 Effect of NaNOQ, injection on the ATPase activities of rat red cells

NaNOQ, conc. Ca?*, Mp?** -ATPase! Nat*, K+-ATPase!
Control 544 + 1.04 (100) 556 + 1.26 (100)
50 mM 3.72 £ 0.28*( 68) 542 +053 (97)
100 mM 3.78 £ 0.14*( 69) 506 + 042 ( 91)
200 mM 4.30 + 090 ( 79) 484 + 0.62 ( 87)
t ymol Pi released/hr/mg of phospholipid {mean = SD., n = 4)

= 4 FRIMERE ATPase R+ NaNO, Bt og#
Table 4 Effect of NaNOQ, injection on the ATPase activities of rat red cells

NaNQ, conc. Ca*, Mgt-ATPase! Na*, K*-ATPase!
Control 543 £ 0.45 (100} 5.87 + 0.24 (100)
50 mM 4.29 + 0.68 ( 79) 470 £ 0.35 ( 80)
100 mM 440 + 1.07 { 80) 487 + 1.10 ( 83)
200 mM 396 £ 1.20 ( 73) 5.92 &+ 0.66 (101)
! gmol Pi released/hr/mg of phospholipid (mean £ SD., n = 4)

3 REE MY YLRGERES M) IAOBENFI/AYV—LRDUREITEE
#£5i4ppm NO, 2 4 AMREL v FOF 2 7 a0y —aRADEEHERLI, 370V —4
BFEERRATF + 7 0— 2 P-450 SR IEIGHEIED 84 % L AEICETL, NADH-# b2 o—
A cBUBERVNADPH-F + 70— A ¢ BABEREHS S 2 HHEEO 89 % MU 85 % L@+
ZHEAET LI, 6B M) v A0S I 70y — ABFEERESERIZTREER
HUAHEELRLL, WThoBETEERRAS L EALLHEF M) 7 20BFE&FLELT
BAEE 55 LTz BV OREHEIE, 7 b 7 0 — A P-450 S B4 6 A& (RWT NADPH-# b7 ni—
ACBTEBRENTHS -, HTREMN®R;T N 7 A408ESH 7Y - ABFEERET TR
BTREERNUERE T L, MBS MU YADBESERRY, FHEF NV Y AORER S
N7 m— i PAS0 AR EBRINCET 2372, 50, 100, 200 mM OERERT b Y 7 ADEAK & -
TH b7 uo—iP-450 SRiZ, SRR 59% (p<0.01), 67% (p<0.01), 26% (p<0.001)
EHECETF LR 50 mM & 100mM OEHEF b Y v ACBE, F b7 o—24 P-450 IAOEF
EEIRACRITHERABEONET PV VAOMELID A Z 0,

z =%
3y F OEFIRTEES MY Y AXGERES Y 7 AREALDBTOMES 4 o REE ER
&4 Bk, HBRERRE TARMMED ATPase Bt L AF 3 7 0 Y —AOEFEERRIVEL T 2
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# 5 NO. &8sz rzaoy —Alkarsl@rae

Table 5 Effects of NO,-exposure and NaNO;-treatment on- components of liver

microscomes
_ 4 ppm NO, (4 days)*
Components
Control Exposed %

NADPH-cyt. ¢ reduuctase 9.0 £ 0.8 6.2+ 15 85

Cyiochrome P-450 96+ 5 gl 6 84+
NADH-cyt. ¢ reductase 458 + 29 407 + 22 8%

Cytochrome b; 67 £ 4 65+ 2 97

Arylsulfatase 101 +£12 96+ 1.0 95

' unit per mg of homogenate protein. {mean £8D).

* p <005

* 6 AFz:rov—ARSICEIZT NaNO, 8E0mE

Table 6 Effect of NaNO; injection on microsomal components of rat liver

NADH-cyt. NADPH-cyt. .
NaNO, (mM) b« v« Cytochrome P-450 Cytochrome b2
reductase! reducase’
% % % %
0 263 + 17 (100) 19.1 £+ 3.3 (100) 71+ 6 (100) 100 + 18 (100)
50 261 =22 ( 99) 18.1 £ 2.3 { 95) 61 £ 8 ( 86) 95+ 3 (99
100 259 + 50 ( 99) 16.2 + 3.5 ( 85) 57+ 16 ( 80)* B+ 6 (95
200 244 + 21 ( 93) 153+ 1.9 ( 80) 53+ 26 (75) 83+ 3 (&3
! nmol/min/mg protein ¥ pmol/mg protein. {mean + SD).

* 7 WFizuoyv—slScRkiz? NaNO, SFEORhE

Table 7 Effect of NaNQ, injection on microsomal components of rat liver

NADH-cyt, NADPH-cyt.

NaNQ, {mM) A .« o< Cytochrome P-4507 Cytochrome b;?
reductase! reductase’

% % % %

Q 261 + 26 (100) 205 + 0.8 (100) 79 + 10 (100) 94 +2  (100)

50 250+ 19 ( 96) 202+ 20 (99) 47 + 10*+ ( 59} 92 +6 ( 98)

100 248 + 45 ( 95) 19.7 £ 0.5 ( 96) 53+ 2** ( 67) 2 +4  {98)

200 225+ 14 ( 86) 189 £ 09 ( 92) 20k S+ ( 26) 89 +4 (95

' nmol/min/mg protein, 2 pmol/mg protein, ** p < 001, *** p < 0.001. {mean + SD).
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Changes of Gaseous Exchange in the Lung of Mice Exposed

to Nitrogen Dioxide and Their Recovery Process
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Akira K. SUZUKI', Hirokazu TSUBONE!, Masaru SAGAI*
and Kentaro KUBOTA!
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EBTRUEBBRO T AMEZBI 2/ ATRCKIZT NO,OSSEEEHs o T
A1, BREEETHVWITEETO O, & COBERUVHEREMEL S, 251, B
Wil pHa, Paco,, Pao,, FBEER UHASSRELKEHL 2. 2FECHEEIZ, 20 ppm
O NO, i BE L v ROMO 7 A52HRiT, 3~ 24 FHER TAH I MFE S h 525, NO,
BBR%HIBECE, HHEOVL  THEEMcEET S 2 L E2TRLI,

Abstract

To elucidate the acute effects of NO, on gaseous exchange in the lung of mice during and
afier NO, exposure, O, and CO, concentrations in the respiratory gas and respiratory rate
were measured using the head enclosed method, and arterial blood pHa, Paco, and Pao,,
lung wet weight and lung water content were also examined. The results of the present study -
indicate that the gaseous exchange in the lung of mice exposed to 20 ppm NO, was acutely
inhibited during NO, exposure from the 3rd to 24th hour, but it recovered functionally to
the control level on the 3rd day after NO, exposure.
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ZEREEE (NO,) B AThh, WREBEARUZOMORERFICHEL, KEHECSH
LTWE3—D20RA[ERMETH 2, NOOficnt+ 2HMENREI L F RUBEOBYTL L
WEISNTEL, £ OMEENS, NOREICL 2 20EN, HOoBREEFHNE(LEUHEIETSICD

*  AKEWit, Toxicology Letters iCHIRIRTH 5.
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The National Institute for Environmental Studies, Basic Medical Sciences Division, Yatabe-machi, Tsukuba
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Fig. 1 Typical patterns of measurements of O, and CO , in the container. A O, and
A CQ, concentrations were determined by the height from the base line to the top of
the wave form. Calibrations were done using standard gas (16.2 % O, and 4.5 % CO,

gas).
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Fig. 2 Changes of AO; and ACO, concentration in the container
Plot with bars represents mean + SD of five subjects. (O) control, { ®)exposed
mice, *p < 0.05, **p < 0.01.
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Fig. 3 Changes of respiratory rate of mice exposed to 20 ppm NO, for 24 hours.
Plot with bars represents mean + 5D of five subjects. { ©) control, (®) exposed
mice. *p < .03, **p < 0.01.
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Fig. 4 Changes of AO,/RR and ACO,/RR concentration in the container.
Plot with bars represents mean + SD of five subjects. (O) control, {®) exposed
mice, **p < 0.01.
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Fig. 5 Changes of arterial blood pHa, Paco, and Pao,.
Plot with bars represents mean + SD of five subjects. (C) control, (@) exposed
mice, *p < 0.05, **p < 0.01.
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Fig. 6 Chang;s of lung wet weight (O, @) and lung water content (A, A)
Plot with bars represents mean + SD of five subjects. (O, A) control, (@, A)
exposed mice. *p < 0.05, **p < 0.01.
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Studies on Species Difference in Antioxidative Protective Systems

in Lungs of Four Animals Exposed to Nitrogen Dioxide
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Abstract

Species difference of animals in their susceptibility to nitrogen dioxide (NO,} were
examined by measuring lipid peroxides, the activities of antioxidative protective enzymes,
and the amounts of antioxidants such as reduced glutathione and vitamin E in lungs. Four
species of animals {Golden hamster, ICR mouse, Wistar rat and Hartley guinea pig) were
used in this study and these animals were exposed to 20 ppm NQ, for 16 hrs.

The activities of antioxidative protective enzymes and the amounts of antioxidants in
lungs of the four species of animals in control and exposed groups did not show any
correlation to the magnitude of LC,, in four species of animals determined previously (14}
by 16 hrs exposure to NO,. On the other hand, the ratios of the control animals to
NO,-exposed animals in the amounts of g-tocopherol, total lipid and microsomal TBA
reactants were antiparallel to the magnitude of LC;,. Similar relationships were observed
between the magnitude of LC;, and the ratios in glutathione peroxidase, glutathione
reductase of four species of animals and in aralkyl S-transferase, epoxy S-transferase,
arylhydrocarbon hydroxylase of three species of animals except for those of guinea pig. These
results suggest that the animals having larger ratios of deviation from the control level are
more susceptible to NQ,. However, compared with the ratio of deviation from the control
level, the ratio of many protective enzymes in lung of guinea pig did not correspond 1o the
order of LC,,. On the other hand, evidence that the activities of arylhydrocarbon hydroxylase
in lung microsomes of guinea pig is extremely high was observed. It seems likely that
cytochrome P -450 related-enzymes in lung microsomes may play any role on protecting
cells from oxidative stress.

A significant relationship between some parameters in lungs was observed in this
experiment. TBA reactants showed an inverse relationship with vitamin E, and it showed
positive relationship with glutathione peroxidase and NADPH-cytochrome ¢ reductase in
both of the confrel and the NO,-egxposed groups. Glutathione peroxidase was related
inversely with non-protein sulfhydryls.

These results suggest that lipid peroxides, antioxidative protective enzymes and
antioxidants are important factors for determining the susceptibility of the animals.
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NO, B« X 5 IBH B/ O BipEs

EREOERME, [ERY, MEOEAL 27 ~F U EORENE EARBIL, DLTRAELEEA
EOMREED 2 IIMRES 25 SR IT 2 LR EENCHE L ASR TV S,
NOBIEH MO BA AT ATHL 0, EEEEL L TEBcRESRbEEHENSE, 20
& D REEE S ORISR L T, 2 FREMEE#EE NO, LORIGKR E-T7 V=540
EREE L RERABEIESH T 5, B Thomas 57 % Sagai 52 1 NO,RBIC L hificisg
WECRIEHE C 5 2k R HEL 2, NOI & 2IEAEIR T IR L0 X 5 i EaFnEs B
DZEMEC NOMIIL, Y940 eBRL (Ri), #hss 5ol RH) 2594
nMeaglbl, SHENOBELRIGL T =4 Fv 554 (ROO+) 4K T 2, D/ —
A F v O AREUROEEER R'H) »ok%Es3 5a%, S0 188088 (ROOH) &
&, —AORH%EZIH0E (R”) &¥, EENICT IALREERE Y (Hii~iv),

R R NO,

~ - R-—-. . | .

/C:C\ + NOz - s H/c_(l:_R .......................................... i )

I\;O, NQO,
. |

RCH—CHR + R'H —— R'v + RCHCHR = crrerereerrmrerrssiniieeaie, i)
Rv . 02 — R’02 = aeressseareraas R R lli)
RO, +R"H —— 3 R FROOH e et )

ZORMG (A, iv) & ’Cilﬁf:ﬁ@@’fbﬂaﬁ (ROO-, ROOH) i34EEkct - TELHTH
EXWETHY, MiE, BELZCLSOEGEBRKSCERL TREZESBREEEZET 2 &
BHI G T B A8,

—7, BN GEREIEER Y Y —F Ak o £ EHET 5 2o 04 bFRL I EIRE
BETAIENRHISITYV S, Chow 6% NORA VY ORBL L-TE L 28BLEEEORE
LSS+ % Glutathione peroxidase (GSH « Px) REFROHEHGERC > W TRELTw 3,

- GSH » Px A viiZ;R T & 5 12 Glutathione reductase (GSH « R) & #{% L T NADPH Df#tig %
RIZHA 7 VRIBC L > THEMESEDLT,

GSH-peroxidase as a member in peroxidative metabolic pathway
GSH-Px '

2GSH + ROOH —222 7% 568G + ROH + HpQ oo omroeomoeeeosiremmeenn v)
G6P ———— NADP* 2GSH—— ROOH

G6PD 'GSH-R GSH-Px e vi)
6PG ~——A—~NADPH—A 655G ~— ROH

%7z, GSHPx ¢ RIUREA2{TH & ® & LT Glutathione S-transferase (GSH-Tase) D&
BHISNT W 3B, GSH-Tase OEiEER i BRI RIG (Rvil) &£ Z iz 00  FEBERNRIG (Fvii)
D2 oipsk b, HEIED Net Reaction (Fix) 13 GSH+Px £ RAUEMN (Rv) 2L,




fRE—2

BEA L % BT 3,

Glutathione S-transferase as a peroxidase

GSH-T
GSH + ROOH ————-2%, GSOH + ROH (Enzymatic) e sommee oo e i)

i-) GSOH + GSH GSSG + H,O (Non Enzymatic) — -------emsemmmem e viii)
2GSH + ROOH GSSG + ROH + H,O (Net Reaction)  --eeer-smmeemoees ix)

NADH % NADPH HEEOCBETLRT v v V2R L, BLMA N Ao EELPET LS
ATEELRQHE2ELZLTHE, ZOL 52 NADPH 2453 3 £ BER L L Tid Glucose-§
-phosphate dehydrogenase (G6PD), 6-Phosphogluconate dehydrogenase (6PGD) £ %\ i
Isocitrate dehydrogenase (ICDH) % Ea3%2 (Rx~xii).

Enzymes for maintenance of reducing potential (NADPH formation)

G6FD
G6P + NADPY ———————— 6—PG + NADPH -----rrmrrmmmmr oo x)
6P
6—PG + NADP* GD RSP + NADPH - xi)
. ICDH .
Isocitrate + NADP* ——— Z-oxoglutarate + CO, + NADPH  --------ooomeemmnnnnens xii)

% 7z, Xanthine oxidase % Amino acid oxidase EOFBOEERNMILETIC L > TERE N2
EREEO— 2 T4 % Superoxide radical (0,7) OBILHEEL cHRERET AERLZED
Superéxide dismutase (SOD) &[4 < EEMICHE LITEEAERER R L Tw3Y (H ki),

Superoxide dismutase (SOD}

D
20; + 2H* _S'O_"‘— 302 + HzOz """ e TTTsmmsssmmrsrmseTooooes-eens o Xli])

cf Haber-Weiss Reaction (07 + H,0, — 'O, + « OH + OH")

Delucia 59:4 VBB & > THEEAN ORI Glutathione (GSH) #E2{k A Glutathione

(GSSG) 2LV LaF 7 HYEASH & - KL T mixed disulfide R 5 L %
e LI, Tirlee bORA VBB I-TEL: 20 3 % Disulfide #8753 3 Disulfide
reductase (DSR) OFF = LWL UBHEHTZEEO—2THE 2 RLE Axiv).

Disulfide reductase for maintenance of $H group

{Exchange of inter and/or intra molecular disulfide)

Membrane-SH + Protein-SH

Membrane-5-S$-Protein

Membrane-5-5G — Membrane-SH + GSH )
------------------ X iv

Protein-5-3SG — Protein-SH + GSH

Cystine — 2 Cysteine




NO: BB ) 5 WEARCOBYEZE

EHIHIRTO I 79V —AB TS Cytochrome P-450 12 & V&2 0 @BELIEE £ X85

ZRENMH 2 Z L Hrycay sVic Lo THRE N TWD, ZORMEE NADPH 208X +5 %

(NADPH-cytochrome C reductase) ¥ NADH %8 ¥+ 2% (NADH-cytchrome b, reduc-
tase) O 2FEENDHZ (H xv, xvi)e :

Cytochrome P-450 in peroxidative metabolic pathway

Cytochrome € s ATYPH coeooeoo
ROOH ——~ / reductase NADPH xv)
ROH Cytochrome P45D\C toch b
-— ytochrome bs _ ammy e
reductase ) NADH xvi)

BEDZE L, NORFY 0L 3 RTERYHEL» o 423 sBROBEHR OGS I E
BHTRE W, ZOM, HBLEHBERC—2LLT, EF I EPRILYF4 090 & 3 ikt
HHE (Antioxidant) b EBELREERL L T3 I ERHsNTWS,

—H, Goldstein 592, BHORLE+v R (Indredmice) w4V 2 RBL, F0O 50%HIE
BE (LCy) OFd s REMICEZHOEESH2 2 LA RL, $MHs¥E NO,BBIEL
Th, BB L UREM S0%BOERE (LCs) &FFREROREZNAT D 5 B2 ICHRSS
HLEIEERLTZ. EH OtFﬁﬂﬁf‘;‘s’Gi NO.EBIXL T, REOFE LDV 2D LG fH & fhonARR
{LBRE B R B LR EE L OB WEBER S 2 Z L2 RWEL, vV ADRKETOR
ZHOER R ELFNTE S BE L 2.

EFFRiE Golden AR Y —, ICR % A, Wistar %5 » F 2 tf Hartley BELE w F OR
ZRV, S &R 20 ppm NO, % 16 RHSEEL, Mot d- T, FTRMESNTWVEE
B0 LCyfE & O MBR{LIERE E, MU EREREERFEY S Y EPGSHO &L 3%
Antioxidants £ & OB 2~ NO IR T 2 EZH & ORREERN L, 2k, -7V RT
ANy R E Y — i & BBIRR R TR LA OSE L L,

7% SR Ps

1. & %

o k2 SEMORZIE (LCyw @ NO, 16 BRRIREEIC & » T 50% 0B R T T 5 NO,
DEE) OMGRCE T 2 MED 5, Bz i R 7 — (Golden %  LCs, & 28 ppm), ¥ 7 A (ICR
F LG5, =38ppm)., ¥ w b (Wistar % | LCs;=49 ppm) R UFENE v I (Hartley # | LCy =62
ppm) DED 4 EEH VT, &b CHFAKRBEYEESRBES I D AT TEAL, 1089 THER
WL, =7 ARKEE, SBH L0 BRTD, "AAF—R 12T, Ty bEELEY
bRELT OO, 28, AMARERv v AG SOz e TIH Yy TEL,
LAY =R 2EOMTIY 7N, F9bEEALEY PRIEQOMTLIY I ELR, Y7
BEEBEGY 70 (n=6) L7
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2. NOB®RE

NO.BBREITAESHEREREYHTRRNONER ACREF »>3— (1.68m?) %{EHL,
20 ppm 16 B BREB 2 To7%, BPRF+ o " —NIEECES#2-DEEET A0 E»S F v v
AP ANR, BB NOEBED (16 B 1R, BARBRrEV T,

3% #H

FEERTHR, 8 o — 7 VEFREHRECHB L L2 L, H0F L b SmEeiEk
SEALURSEHBICE S E TER T 12, LT, 2OMELEI DAL, korBRsstpy
YIANERY A BW%, FREE T-0CKRETE L,

4. HEAME CAE

IiE, BERSGBER L9370 > L THEZRIZ L 50 mM Phosphate buifer (pH 7.5)
FHOTF 70y RE28 AV - D ERERJGT TEBREL, 10%FEY 42— 2K BL:, 20
FEIR—PE200xXg5 AEOBLETLEE 2B, CohiERIESY 7 SH (NPSH) &,
BEELASEE (TBA {#), a-Tocopherol 2% & CBIEEROAIFECH 2, £, 0 LiE0—
& 502 10,000Xg 20 2R B X TP 105,000 Xg 60 SR D ELABEE T, ZOMEL FESE
Glutathione perexidase (GSH « Px), Glutathione reductase {GSH «R), Glucose-6-phosphate
dehydrogenase (G6PD], 6-Phosphogluconate dehydrogenase (6-PGD), Isocitrate dehydrogenase

(ICDH), % tf Glutathione S-transferase (aryl-, aralkyl-and epoxy-) DIEMSEHIEHEERES
LT, 86, 1050060Xg D EBO—E% 0.1 mM EDTA %5t 50 mM Phosphate buffer (pH
7.5) T—®ENE Superoxide dismutase (SOD) * Disulfide reductase (DSR) S o#lEic H
Wiz, —7H, 105,000 Xg DEBERS O 2 7 0 Y — AF 5% 0.25 M Phosphate buffer (pH 7.25) -30%
Glycerol o D REZHF A XL, TVANA Fah—FRrnd FudyI—+ (AHH) &%,
NADPH cytochrome ¢ reductase ifM4 R s 7 vV —A0BRERIEERE (TBAME) OHTER
ELT, %8, DSR R AHH DIADBREER ITATELOARC L 2V 2 4%y 2 HEIEE
ERGTAEL, £offiid 101 BB EER R U650 BRI WL RERHC L > THIEL 72,

{1) Glutathione peroxidase (GSH -+ Px) ¥EHOHIE

GSH - Px ZMHORER Little 590 FFE ¥ -7, RIGHEE 0.1 M Tris-HCl buffer (pH 7.0)
380 1, 2mM NADPH {(Oriental Yeast Co. Ltd) 60 4], 5mM GSH (F1J&#i2E) 60 xl, 10 mM
Cumene hydroperoxide 60 ul, GSH +« R (1.2 units, Oriental Yeast Co. Ltd.) 20 gl % & DI
Mz T&e580pl L, ChCBHEB 204 2Nz THWCTREEHABELL, REHAER
NADPH @ 340 nm D #5 & Kb 1z, FERERM RGO HIE D FIcBERRE O A b b i Buffer %1
L BEORIGERBIITY, ZOE*EERNBNRGOEIrSELFICTHELYL, &8



NO, 88 L » BHARLO#MREE

NADPH ¥ GSH iz 0.1 M Tris-HCI buffer (pH 7.0) {41, Cumene hydroperoxide It = #
J=NEEEH LIz H 2 H U buffer TI2EHERL:bOERA W, 2, JIERRICHE 20 B&H»
615 BEBEC WROKAHIMD TITo 72,

%72, HHE L LT Cumene hydroperoxide Db b i H;0, 2 BWiziBE (GSH-Px-H.0,) @
HIE 1T o7,

{2) Glutathione reductase (GSH - R) FHo#ile

GSH - R i O HIE & Bergmeyer Ol iz AL 72, KEHEARE 1 mM EDTA - Na, 38
t2 0.1 M TrisHC buffer {(pH 8.0) 460 41, 2 mM NADPH 60 4], 10 mM GSSG {PL Biochemical
In.)60 ] OEET 580 gl 205 7% 0 EIGiE 240 20 pl OEBIEMA T 30°CTITo 72, %8, NADPH
B GSSG i lmM EDTA « Na, &% 0.1M Tris-HC! buffer (pH8.0) RiE» LT bDEFRL
72, HIEREZGSH-Px tRAILTH 2,

(3) Glucose-f-phosphate dehydrogenase (GO6PD) EHEDHIE

G6PD iEHDHIE ik Wilhelm 59D FEIZHE > 720 RIEHRE 10 mM MgClL %&4 01M Tris
-HCl huffer (pH 7.5) 460 g1, 4 mM NADP* (Oriental Yeast Co. Ltd) 60 21, 12 mM Glucose
-6-phosphate-Na, (Sigma) 60 pl OEFH 580 gl &% 0 KIGE 2 Wic B 20 ] 204 T 30°CT
T2, %8 NADP* 8 X F Glucose-6-phosphate ARG BT buffer WL L TR, §©)
1% 340 nm 1253 5 NADPH O #IN% KIS 60 Bk & 30 85 512 10 BHAR D T -
A

(4} 6-Phosphogluconate dehydrogenase (6PGD) EHHEEDHIE

6PGD 5O HIE 1 GEPD & @ buffer % 20mM  MgCl, & 65 mM  Cystein 2 &1 0.1M
Tris-HCI buffer (pH 8.5} iz, G6P % 6-Phosphogluconate {82 TiTo 7z,

(5} Isocitrate dehydrogenase (ICDH) ¥Et:0#IE

ICDHEMCRAIE i Bernt &5 D FEDE B L TiT o2 RIGKHAR 42 mM NaCl% & H01M
Tris-HCl buffer (pH 7.5) 400 &1, 10mM NADP*, 55 mM d,-isocitrate (FIJvEHI3E @ B &4
40 g1, 110 mM MnSQ, 100 gl DEEF 580 pl 55 % 0, RIS 24 105,000 X g 3.0 EF @ b EF
FREBERSR 20 w1l 2502 30°CTITo 72, 238 NADPY, Isocitrate 2 U° MnSO, 13 42 mM NaCl # &
tr LECO buffer i Lz, FIEHRME GSH - Px & RIRTH 3,

(6) Glutathione S-tranferase (GSH - Tase) &M@ HIE

GSH - Tase 5O HIE Z Kaplowitz & G FEPIH - 72, Aryl S-transferase iH1E 0.143 M
Phosphate buffer (pH 8.0) 84ml, 100 mM GSH 1.2ml & 30 mM & 3,4-Dichloronitrobenzene

(FOJEMEEE  55) 04ml 2 &b T 10ml & L 725038 500 142 100 ]l ©FEB &N T 30°CT
FG %3886 L iz, 2 ¥ 3,4 Dichloronitrobenzene i 57.6 mg % 5ml O3 / — L iZ#4 L 724 5 m]
DEEAKEMAT10ml & L7231 30 mM) 2Bz, fAIEid 345 nm OPLERE % KIGHLE 30
BiEr s 15BB 2 10 EOHAIRD L& > TiTofe, BEEROTEORDFFRNAK () B



BRI

8.5 (mM-'cm™!) #Fi\a7z, Aralkyl S-transferase i buffer % pH 6.5 12, #EE#% p-Nitrobenzyl-
chloride (FIJ&M3E @ —#) @ 15mM B A, Aryl S-transferase D4 LR EEL 72,
W BRAEHRIE 340 nm RV, STBERE (o) 132063 ZEwi, %72 Epoxy S-transferase
i3 buffer » pH % 7.5 12, E£E% 1,2-Epoxy—3—(p—nitr_ophenoxy) -propane (Eastman Chem.)
0 26 mM B2 2 T Aryl S-transfrrase & [@#RICEE L 72 2 BABEREE 460 nm TP
125 (&) 1205 MV,

(7} Superoxide dismutase (SOD) FEMOHIE

SOD B0 FIE L McCord ¥ Fridovich i2 X 3 Ferricytochrome ¢ BmEVICHE T, G
10*MEDTA-Na, %% #r 50 mM Na, K-Phosphate buffer (pH 7.8) 80 g1, 25x10-°M Xanthine

(FOFHGE  558) 120 g], 1X10°5M ferricytochrome ¢ (Sigma, Horse heart 813 Type I
100 1 D& EF 400 p] ORI 200 ] 2I0% T 30°CTHF o7z, % 3 Xanthine & U ferri-
cytochrome c 13 107*M EDTA %% 50 mM Na, K-Phosphate buffer iz L T2, AlE
ERL 550 nm RV HITEFR/id GSHTase LR TH v 72, 72 SODABFEEL ZWRETOR
JEE Ferricvtochrome ¢ D FIGEE (V) 2 SOD B0 4 b 012 Buffer % v TRIBRCAIE
L72. SOD & (Units) ©FEIZ SOD&EER X 52 TE ferricytochrome ¢ AF#E (v) L b
HVEDLE (Vu)/vitk2TERDI,

(8) Disulfide reductase (DSR) ¥EMHDHlE A

DSR EEORE L Tietze OFEMCHHL Jz, BERKIGE 10 mM  EDTA-Na, % &t 50 mM
Na, K-Phosphate buffer (pH 7.5) 100 £1, 2mM NADPH 100 x| ¥ kiEth CimgvsiE L 75
0 Cystine D 2 AR 100 p] DEEH 300 p]l DFAKRICEREZIR 200 11 2502 T 37°CT 1 BFHE
A wFar—¥arL7iz, %5, DSR OKIGK NADPH M °H 2 0 CIERREMRICETEIET %
B EERRGGHE S & NADPH 2B 7 RIT b BRI iT- 7, BRNICEEOHE R ITHE TR
W REEEIGHE (05ml) 12 5mMEDTA « Na, /B 0.5ml &£ 10%TCA # 1.0 ml #41% 3,500 rpm,
10 AEOBELI K> T w37 BERV R EEHO Cysteine EOER W & > T NADPH N0
BENSERINOMBEZELBWIRD L BERIGICL > TEL ) Cysteine OEERBIZIE~ZIE
gz SH EREPI L > TiT =7

(9) "Arylhydrocabon hydroxylase (AHH) ¥Eto0fi%E

AHH EYOHE IR Warren & Bellward 52 0T -7z, FiS#IiZ 108 mM NADPH & 10.
8 mM NADH (Oriental Yeast Co. Ltd) @QB&# 0.1 ml, MgCl, « 6H,0 138 mg @ /kiEH 0.1 ml
WEMB7 LT > 1.8 mg 2T 0.1 ml, 0.05mM Benzo(a)pyrene (FIJLHTEE © 5540 0.05
ml (7% b i), 126 mM Tris-HCl buffer (pH 7.4) 0.2m] 241z, 37°CT 15434 » F 2~ —
g L7-% Lk, ¥ Hexane-Acetone (3.25:1.00) 4.25ml # iz BIS ¥ ik& 7=, 10 EEX 51
BLDUEESEAHE Iml 2D, Z#2 IN-NaOH 3ml #0504, 1049REE 5 L7, 3,000 rpm 10
SREEL L, Tad ) BE LIS (Excitation 396 nm, Emission 522 nm} THIEL 7.




NO, 28 £ 5 lEHAR{LOSIEE

(0 NADPH-cytochrome ¢ reductase ¥EE O HIE

NADPH-cytochrome ¢ reductase iEMEDBIE 12 Strobel 5 DHEMITHE - 7. KISHER G 0.1
M Phosphate buffer (pH 7.5) 340 g1, 0.2mM cytochrome ¢ 40 xl, 1 mM NADPH 40 ¢l O&
F580 pl B2 D, THC 20 ul DBEREINA T, 3CCTRIG % 4T > f20 AEE S 550 nm &AL,
WTE S 13 SOD iEHE = R TH - 72, s

() BRICER (TBA ) 0EE

TBA Rz SDS Al 2 &4l & OFESIC & - TITW, Bkt e (Excitation 515
nm, Emission 553 nm) B THIEL 72, — ‘

{12 Glutathione (GSH) 88O EE

GSH it Sedlak-Lindsay 5 DA#E:%# 88T L7z Delucia. > 0AE? LY, HBIZ 05ml #Hw
T, JEF 7% SH (NPSH) £ LTHIEL, 2h® GSHE:LZ,

1) #EEE (Total lipids) oEE

BESE B it Frings-Dunn I X 3 773 (Sulfo-Phospho-Vanillin KIi5) 12 & D, 2¥02ml %8
WTHRIEL 72, ‘

(14 a-TocopherolidFE ¥ 52—+ @ 200X g0 EES S n-Hexane THE L - EEBES %
BLIbrrsy /- VIKENL TR OFERER 7 o=+ 757 4 — MV FEOTHE
L
1 sy 780ER
$ iy BOERRIFMET 473 v 2F# L LT Lowry S®OHHEK & o7,

5, T—FAER> PN ES Iz E SRR ORE

NO, RESENCRAZ N THCEE LI THOTHE I Lo s, B - Tid NO,OZH
TBER SR 2 0 BRES R S TRES 5 5. T0L) REeHEBIDY I hER~D A
2, WIS ERE LT -7 iz k 2BREMRE2REAS, W07y 7r—F -2 8mlOxF
I—F A REREIE TS 4BOEY S | LT SR ARERIC 2 £ COBRME S8
0EF 2D THEELZ, —F, BRIBELCKO@ s ER L TEZ 20 THB .
B, EOEC 0 me, 0mg LU0 mg/ kg HERAY b Sy — i (KORYE) BYERS
ERISTHEREA-TLOE X2 2 TOWhY 2 Sleeping Time % #IE L /2,

6. MEHIE
FROER T TP EREETRL, THEOEEEMREIL Student O t REW & 572,

w R
1. {&H, ffio TBA i#, a-tocopherol, 3% /3o SH(NPSH) B U Total Lipids BIZ2>w\T



|ARE— %

{EE R *HiiD TBA {8, a-tocopherol B, 355 /3 74 SH(NPSH) & & Total lipids & % LCs,
B2 GEOIHIC A~ (R 1,

£ 1 BYEMCBEINO, BEH - HEHEORE LD TBAE, «-t27
T—=n, L 7 SH RUREER

Table 1 Body weight and the contents of TBA reactants, ¢-tocopherol, non-protein
sulfhydryls (NPSH) and total lipids in lungs of four species

. Control Group Exposed Group Exposed/Control
Enzymes Animals M + SD . P M + SD g po o o
Body Hamster 107.7 £ 9.3 100 - 110.1 +10.6 100 - 102 nen
Weight Mouse 321 £ 19 30 p <0001 342 + 19 3 p<0,001 106 non
{g) Rat 1518 £ 24 178 p<0.001 2058 £ 39 187 P <0001 107 non
Guinea P. 477 £10.% 378 p<0.001 403.1 155 366 p<0.001 o8 non
TBA Hamster 11.6 £ 14 100 — 225 + 4.1 100 -~ 194 p<0.001
(n moles/ Mouse 368 + 38 kI £<0001 356 + 7.1 158 <00l 97 nen
g Lung) Rat 183 £ 1.6 158 p<0.001 167 £ 2.1 74 P <005 91 nan
Guinea P, 173 £ 26 149 p<0.01 242 + 35 108 non 140 p<0.01
a-Toco~- Hamster 6.92+ 240 100 - 1299+ 112 100 - 188 p<0.001
pherol Mouse 4.35+ 058 63 p<005 64+ 120 43 £2<0.00! 130 non
(ug/ Rat 1544 1.75 223 p<0.001 1556+ 1.88 120 <00 101 non
g*lung) Guinea P. 963+ 0.96 139 p<0.05 871+ 2.69 67 p<0.01 94 non
NPSH Hamster 1LoZ+ 022 100 — 1L.O8+ 027 10D — 106 non
(1 moies/ Mouse 076+ 012 75 p<005 0.16+ 0.05 15 P <0001 21 p<0.001
g+Lung) Rat 1.11+ 0.05 (09 non 085+ 027 79 non 77 p<0.001
Guinea P. 248+ 0.1 243 p<0.00) 2.30+ 0.15 213 P <001 93 nen
Total Hamster 257 + 54 100 — 466 + T4 100 - 181 <001
lipids Mouse 474 + 73 184 p <0001 644 + 95 138 p<0.01 136 2<001
(mg/g* Rat 463 + 42 180 p<0.001 634 +165 136 non 137 p<0.05
Lung) Guinea P. 545 £ 35 212 p<0.001 660 + 6.2 142 p<0.0} 121 p<001

a) The value shows percent ratio against the value of Golden Hamster {100 %).

b) The probability shows the significant tevel against Golden Hamster.

¢) The value shows percent ratio of the values (n = 6) of the control group to those (n = 6) of the
NO,-exposed group. '

d) The probability shows the significant level against the control group.

HE I HEFC IR T NO,BEE I B IEERELER L bR A Do 72,

MEFICB T MO TBAEENAR Y — R THO 3EOBWHEBCELHETL, o
-tocopherol BRI T VAT HAAFT —LDRpo/MI v b ETAT Y TR, B{EERLE,
NPSH v v AWNLAF —LDIESELEY PAFEL {HWEZTL Tz, Total lipids 83
NAAY — W HRIEDOEYTEREEZTRL, »D NOJIHT5RFM (LCy) LML SHEL
Twvitz,

BERCOVTE2 L TBAER7RATHL, 7 v FT{EL, a-tocopherol &£ < HDOME%




NO, 88« & 2 lFE AR L OBHEE

TFLTi?2, NPSHR - VA THEEES, Ty MINBRLIEBCEL(BWESsTL T
fzs .

¥, MEECHT 2 E2BBE0HE (Exposed/Control) 42 &, TBAEIR LAY —Lx
NMEY N THEBEIRRML T, SHIH L, a-tocopherol MHEE NO, iz i+ 2 BZ# (LCs,)
ELXSHIEL Tk, NPSH O~ A : 29 P THEERZETETL TV, ZhictL Total
lipids DELE X 4 BOBW T~ TTHINL, #OLFER LChH& & (I Tz,

A EOFYIC 2T, TBA &L o tocopherol & & DRI+ H~, ZDEREE 1 @KL,

Ay Control g 56 BYExposed ., 676
p<0.02 p<0.001
S
2
g‘
~
0 % 2 w Y Tw w
TBA ( n moles/g Lung ) ‘ TBA ( nroles/g Lung )

B 1 NEFINO, REMoBEMCE T AMOoRE/LEE (TBAE) a- b
a7 co—8F OHEE

Fig. 1 Relationship between TBA reactants (TBA) and «-tocopherol in lungs of
the four species of animals in control group (A) and NO, exposed group (B)
@, Hamster ; O, Mouse ; [, Rat; A, Guinea Pig.

R L REH TR CEOBRMARL, a-tocopherol &7V & TBA {B5HE ¢, a-tocopherol &
&k TBA EHE L, a-tc_)copherol ¢ Antioxidant & L TOERSUERIZR E Liz,

2. A7 EHR, Glutathione peroxidase (GSH - Px}, Glutathione reductase (GSH - R),
Glucose-6-phosphate dehydyogense (G6PD), 6-Phosphogluconate dehydrogenase(6PGD)
R U Isocitrate dehydrogenase (ICDH) JiEio > T
& 78R, Glutathione peroxidase %#E# (GSH » Px-Cumene, GSH-+Px-H,0,, GSH-
R) ¥5t, NADPH %4 TELEF v v VO#RICE < G6PD, 6PGD B ICDH St D #]
ERRERLIRLI,




BA—

£ 2 NO, BB - NEHOEWER B 5O GSH-Px, GSH-R,G6PD, 6
PGD, ICDH o iEHAE

Table 2 The contents of total proteins and the activities of glutathione peroxidase
(GSH-P,), glutathione reductase (GSH-R), glucose-6-phosphate dehydroge-
nase (G6PD), 6-phosphogluconate dehydrogenase (6PGD) and isocitrate
dehydrogenase (1CDH) in lungs of four species of animals

. Control Group Exposed Group Exposed/Control
Enzymes Animals
M + 8D % P M+ SD % P % P
Hamster 48.2+ 4.1 100 - 488+ 2.7 100 - 100 non
Protein Mouse 489+ 8.5 101 nen 434+ 6.2 89 non 89 non
200 xg Rat 520+ 72 108 non 519+ 7.0 106 non 100 non
(mg/g-Lung) Guinea P. 82.3+28.1 170 p<005 66.1+10.2 135 p<005 80 non
a) Hamster 595+ 5.6 100 — 402+ 5.3 100 - 68 P2 <0001
GSH-«Px- Mouse 163.3+225 274 P <0.00! 136.5+10.3 340 p <0001 84 <005
Cumene Rat 74. £ 87 125 p<001 82.3+154 205 p<0.001 1i1 non
Guinea P. 306+ 64 51 £<0.001 21.3+ 2.1 53 £ <0.001 70 p<005
a) Hamster 339+ 51 100 — 123+ 31 100 - 36 p<0.001
GSH-Px- Mouse 1176144 347 p <0001 839+ 52 682 p<0001 71 p<0.001
H,0, Rat 544+ 80 160 2<0001 59.9+10.3 487 P <0001 110 non
Guinea P. _ — — _ _ — — —
a) Hamster 22172127 100 - 1304+1%2 100 — 62 p<0.001
GSH-R Mouse 262.7+50.1 118 non 207.0+£247 148 p<0.001 79 p<0.05
Rat 150.4+17.3 68 p<0.001 141.1+15.1 101 non 94 non
Guinea P. 2523446 117 non 1771186 127 p<0.05 68 <001
a) Hamster 1328+ 89 100 — 166.4+29.0 100 - 125 p<0.05
G6PD Mouse 188.7+164 142 p<0.001 140.9£11.5 85 non 75 p<0.001
Rat 1428+ 18.8 108 non 145.5+15.5 87 non 102 nan
Guinea P. 176.2+31.0 133 2<0.05 158.9+11.6 95 fLON 50 nun
a) Hamster 803t 74 100 — 101.5+£20.6 100 — 126 non
6 PGD Mouse 568+ 7.2 70 P<0001 384+ 58 38 P <0001 68 p<0.01
Rat 318+ 56 47 70001 344+ 52 34 2<0001 91 nen
Guinea P. 61.2+16.5 76 p<005 50.1+ 69 49 p <0001 82 non
a) Hamster 191.1£16.5 100 - 10841266 100 — 57 p<0.001
ICDH + Mouse 25274337 132 p<001 203.1+18.6 187 <0001 80 p <005
Rat 194.5+62.3 102 non 153.5+17.1 142 p<001 79 p<005
Guinea P. 2072159.5 108 non 101.6+14.7 94 non 49 p<om

a) The values are expressed as mean X 8D (n = 6) of moles NADP* or NADPH formed/mg protein/min.

SERCBELT, £ EREELEY M2 befﬁf%t%b){ﬁ%zﬁb Twfz, Cumene hydro-
peroxide % FH ¥ L 7z Glutathione peroxidase (GSH * Px-Cumene) GEIT LR 5 — o haw
TARUZy P BBERELEL, TALEy P TRHEMEEALL, H:0,%EH £ L 7> Glutathione
peroxidase (GSH -« Px-H,0,} &Mz GSH - Px-Cumene DFF LRI T A LS v + THEL,
TEY FTRERETR I LT,
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NO, BBz & 2 iEEARLOBMEE

GSHRENALAAT—WHAT v P BBERICEL, GBPDENLAS -~ AR UEL
Ey MIERCEWEEZTRLZ.6PGD @ AR —iZtA i) 3BOEMEEE LS, ICDH it
TYATDSGREEERULMOEBWE N LZS—EED Vo7,

FEFCBOTRS V7 BREENBROBS LARCELVEY P TOLEERT L, GSH.
Px-Cumene & GSH » Px-H, O, B E b HBEEOB S LEMRIC T VA ET v P TEL {EL, TV
Ty b TRBECEL EOPEL SR Ao, GPDERZIEOEOM TEELERY
ot 6PGD M N AR S — b~ D 3SE TR TR THEEEESTL, ICDH itz <y
A Tw P TRVWEERLELEY PREALARS - -EDLI o,

WICHBECN T 2 EBHOLETAL L, v/ HERABOBY L bEESERED 1Y
trofr, GSHPxEME 2B L b LARAFT—, vOARUELEY T NOREICL-TEE
AETLTWT, GSH-RIEMRZ v FEATRIEFLTE Y, GEPD &Mz LA & - THAIL,
TUATET L Tw/ 6PGD ERIE~ Y ATOAERICHETL, ICDH EHE T X TOEBMTET
LT, CORBBCNT ANEROL S LC,Er & +5 - GSHPx D 2BBEOEF L
GSH R IZHBET LCyic SR L T 8B L€ w + OBERZOMHA»6FEL AN TV, B2
iz TBA f& & GSH « Px-Cumene GO %R Lz, MEEL FEHFTHICEQHBESTED 5
h, TBAESBOEW TR FNE2RET 25 CGSH-PxFEEL A<, TBAEMXECWEH TR

L &) Control L B} Expased
20 r=0.725 o ° 20 r<0.63]
p<0.001 p<0.01
=
E0f 150 -
e
a
s 100 + 100
B
=
£ s 50
]
0 L 1 L - 0 i 1 i 1
10 20 3 4 0 20 3 W
TBA { n moles/g-lung ) TBA { nmoles/g-Lung )

2 MEEENO, BEHOHYWEMIC B L HoRELIEE (TBAE) /v
FFF = F v —YEN L OHE

Fig. 2 Relationship between TBA reactants (TBA) and glurathione peroxidase
activity in lungs of the four species of animals in control group (A} and NO,
exposed group (B)
@, Hamster ; O, Mouse; [, Rat; A, Guinea Pig.
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GSH«Px EMAME 2> TH Y, GSH-Px o3 bMEEE#R s L CEELOBESEL LTV
Z EWIRE NI,

£7z, B3 12 NPSH £ & GSH+Px-Cumene (&t %m Uz, S - FBHF TR ICEOMEEMEY
o sh, NPSH ExguEifid GSH-Px EtEsi{E <, NPSH E# 5 v 8t GSH.Px Bt
B ->THY, Antioxidant & B {LEEER L BTN - THERERZER L TWwa T
LA E R, '

 3F  Control re 0,540
5 28 p<0.02
é a8 42
g2f
g
= .
= 1r L oo N o &
% o Q9 OO\
o
0 1 1 L 1
0 50 100 150 200

GSH-Px ( h moles/mg prot/min )}~

~ 3+ Exposed r=0,84
g p< 0,061
n
&,1
3
2
A
- 1r
b )
£ s N,
0 1 1 o cb‘ QL 1
0 50 100 150 200

GSH-PX ( n moles/mg prot/min )

3 EERIc B 2L NO, REROMO S v F4 o 3—F F &
F— e LIS >t ESH (NPSH) & & OFHEE

Fig. 3 Relationship between glutathione peroxidase (GSHPx) activity and non-
protein sulfhydryl (NPSH) contens in lungs of the four species of animals in
control group (A) and NO, exposed group (B)
@, Hamster; C, Mouse; [0, Rat; A, Guinea Pig.

3. Glutathione S-transferase (Aryl-, Aralkyl-B U Epoxy S-transferase) Eiz DT

GSH-Px & [FE—0:8{EYMLBE 57T 5 Glutathione S-transterase IEE DB EHES2E I TR L
7o MBEWBWT, aryl S-transferase VAR Y — AT Y APBRCHWHEETL, £
Fw bRV E ST L 7. aralkyl S-transferase & epoxy S-transferase 5z dtiz v A &
F =MD IMOBHPEECROEEZRL, BETT7ALELE Y MRFEETH M,
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NO, 881 & 5 |5 EBE Lo B

£ 3 NO, BHH - NEBOBYER I 517 500 GSH  S-transferase (aryl-,
aralkyl, epoxy) DiEH(E

Table 3 The activities of glutathione S-transferase (aryl-, aralkyl- and epoxy S
-transferase) in lungs of four species of animals

. Conirol Group Exposed Group Exposed/Control
Enzymes Animals
. M+ 8D % I M * 5D % P % P
Aryl §- Hamster 481+ 1.72 100 - 302+ 102 106 — 63 p<0.001
trans- Mouse 420+ 32 873 p<0.001 322+ 22 1064 p<0001 77 p<0.001
ferase Rat 4.08£0.31 85 non 238+ 026 79 non 58 p<0.001
Guinea P. 6.86+ 1.36 143 non 338+ 036 112 non 49 p<0.001
Aralkyl Hamster 319 + 6.1 100 - 14.18+ 4.4 100 - 46 p<0.001
S-trans- Mouse 1466+ 11.4 460 p<0.001 1075 + 84 726 p<0.00L 73 p<0.001
ferase Rat 598 + 44 187 p<0.001 521 + 59 452 p<0.001 87 p<0.05
Guinea P. 2056 £42.7 645 p<0.001 108.7 £214 734 p<0.001 53 p<0.001
Epoxy S- Hamster 157+ D44 100 - 0.63x 026 100 — 40 p<0.01
trans- Mouse 903+ 076 575 p<0.001 7424+ 027 1130 p<0.00] 79 p<0.001
ferase Rat 377+ 049 240 2<0.001 323+ 035 513 p <0001 86 non
Guinea P, 678+ 1.12 432 2<0.001 371+ 048 589  p<0001 55 p<0.001

* Units are expressed as n moles of metabolite formed/mg-protein/min,

5 10F Ay r=0.823 o 10F B) r=0.662

E pC.00l o 7 ped.0l

g s e

a

'é‘ 5F o 5r ] s

< de 85"

‘g *0 4
o

0 1 n 1 i O 1 ..u.. [ N

10 20 3 4 10 20 % W
TBA ( n moles/g Lung ) TBA { n mles/g Lung )

4 BN B 5 ER E NO. 2RO O@MMIEE (TBAME) & =X
FUS-FFUAT 25 —EiEMEE OB

Fig. 4 Relationship between TBA reactants (TBA) and epoxy S-transferase activity
in lungs of the four species of animals in control group,(A)} and NO,
exposed group (B).
@, Hamster; O, Mouse ; [], Rat; A, Guinea Pig.

=7, BB LT aryl S-transferase IFHEN YT ATE L FEh o7, Iy b EALE Y
PRALAY = HREELRES b o1, aralkyl S-transferase & epoxy S-transferase 151%iz
HRIZOTHOBYEL NARAY —LDEL {HOWIEMEERL T,
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=73, MBI T 2 RBHONETAHAL L NOLEBRZ L > T IBOCSH S-transferasefSHix
TNTOEYWETIERT LT Wi, %72, aralkyl S-transferase & epoxy S-transferase &3 LCs,
HDNRF £ LEBEG & < MG L Tvaiz s, GSHPx OFE LAKICELVE Y M3 ZOEALHANRT
W37z, GSH S-transferase i&% & TBA DM OHEMMEI 2T A2 &, aralkyl S-transferase &
P& TBAEEREHTEDHMETL, aryl 21 epoxy S-transferase 35tk & TBA {# & D 4ERE
ENEEEREHOWMATRCEOMEBET LT, 421 epoxy S-transferase Gtk &
TBAEOROMERMEERL 72, 215 OER S GSH-Px OB4 L Ak TBA ESHVET TR
T e 5 24 GBH S-transferase i&tE & 8 <, TBA {23 {Ev 281 Tid GSH S-transferase
EHAMEL > TH Y, GSH S-transferase ¥ GSH »Px » Elfc B bgf#E s L TEELHE
BEER R LT3 2 EasRan,

4. Superoxide dismutase (S0D) & Disulfide reductase (DSR) (=2>WT
Superoxide anion radical #ZM b+ 2 SOD, KU Disulfide 1t &% % SH L&MW BT 5
DSR EHORIERER TR 4 LT,

#£ 4 NO, ZEN L REOHYERICE T 2O SOD & DSR EHE
Table 4 The activitis of superoxide dismutase (SOD)} and disulfide reductase {DSR)
in lungs of four species of animals

. Control Group Exposed Group Exposed/Control
Enzymes Animals
M £ 5D % P M £ SD % P % p
a) Hamster 422+ 3.8 100 — 211+ 26 100 - 50 P£<0.001
SOD Mouse 549+ 13 130 p<0.01 42,8+ 47 203 p<0.001 78 p<0.05
Rat 425+ 38 101 non 9.2+ 1.7 138 p<0.001 69 p<0.001
Guinea P. 63.8+ 9.0 151 p<0.001 300 3.4 143 p<0.001 47 P<0.001
b) Hamster 148.0+ 50 100 — 1014148 100 — 69 P <0.001
DSR Mouse 105.6£179 71 p<0.001 69.2+10.7 68 p <001 66 p<0.01
Rat 123241262 83 non 110.1+31.5 109 non 89 non
Guinea P. 86.0+ 9.3 58 p<0.001 61.0+£13.7 60 p <001 ! <001

a) The values are expressed as units/mg-protein/min.
b) The values are expressed as n moles of cysteine formed/mg-protein/min.

RO T, SODEEENLAAY — LRV ARVELE Y M IEBEEEERRLEOD
¥ L, DSRIEBTRBIZ v YA LELE Y MIFRCECEET L, —74, BEBCELT,
SOD M N LRSS — (R THD SBOEWTT A TIEENTECHE, DSRFMHR~r &
EAEy P THRBCEWESRL Tz, MBI 2 BEMOLETHL L L SOD,DSR & 43
NTOBMITET L T2z, Lok OISR SOD XU DSR & &K IE0 & h kb o 72,
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NO, 88w & 3 RHBRLOBMEE

5. iy —LBEFZH T TBAME, Aryl hydrocarbon hydroxylase (AHH) it k of
NADPH-cytochrome ¢ reductase Ef$iz>uv T
oY —A@EMCE TS TBAE, AHH & &k Uf NADPH-cytochrome ¢ reductase i1 D
WERBRERS R L MBI EBWT, 370 —AD TBAHE N AR Y — 1t HR= 2 A0E
BECBWEERLE AHH BEE N LAY — R Y ARVELE Y POFEIE {, BCE L
Ty b BEBIRICEWEE T L2, NADPH-cytochrome ¢ redctase ¥ AR 7 — it~ < 7 R
MHECEHS, 7y FSFERCEVEERLL,

£ 5 NO, REHNENOBYEN BT 2O 70y —Ah) TBA{EE
AHH, NADPH-cytochrome ¢ BB R OEMNE

Table 5 The contents of TBA reactants and the activities of aryl hydrocarbon
hydroxylase {AHH) and NADPH-cytochrome ¢ reductase in microsomes of
lungs from four species of animals

. Contrel Group Exposed Group Exposed/Control
Enzymes Animals - -
M + 8D % P M £ 5D % 4 % P
TBA Hamster 0.23+0.03 100 — 0.27 £0.05 100 - 117 non
(n moles/ Mouse 0.46+0.08 200 P <0.001 0.5510.16 204 p<0.01 120 non
mgr Rat 0.28+0.06 122 non 0.34 +0.02 126 non 121 non
protein) Guinea P, 0.23£0.03 100 non 0.30 +0.04 111 non 130 p <005
Hamster: 0.69+0.79 100 — 266 053 100 - 386 p <0001
AHH® Mouse 6.64+2.94 962 p<001 10.12 £3.35 380 Pp<0.001 152 non
Rat 2934217 425 non 3.63 #£0.79 136 p<00s 124 non
Guinea P. 25541922 3701 £<0.001 3527 £9.16 1326 p<0.001 138 non
NADPH) Hamster 0.099+0.017 100 - 0.052£0.010 100 - 53 p<0.001
cyl. © Mouse 0.191+0.016 193  p<0.00L 0.1431+0.036 275 p<0.001 75 p<0.0s8
redactase® Rat 0.062£0.008 63 p<oM 0.039:£0.005 15 non 63 p<0.05
Guinea P. 0.112+0.018 113 non 0.052+0.014 100 non 46 p<0.001

3} Unils are expressed as relative intensity/mg. protein/i5 min.
b) The values are expressed as g moles NADPH formed/mg. protein/min.

i, RECBO T, TBAERNAR S 0 ART e AMETICE L, 2004g LEOBE L
HUERETR L, AHHEER AN AR — i~ 3L EBCEWELRL, BoEL
Ey PSEFETH -7, NADPH-cytochrome ¢ reductase IEHiIZ v 7V A DB EOATWHEERL
Foo —H, MBERCN T 2 BEROLETA 2 L NO,BHEIC L > T TBAED L LTy i FE L 1#
MOFEAERL, ELEy P BHFEELTR L, AHH EHE Y LCO¥Mic SR TET ¥ 218
MERL, NAAY—NHEZELTL T, NADPH-cytochrome ¢ reductase $5iEidific +~
TOBYRETERCETL Cw, £4E51200xg LED TBA {f & NADPH-cytochrome ¢
reductase & £ OATB %R L7, SEBER CREROMS TRICIEDM AR L,
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Fig. Relationship between TBA reactants (TBA) and NADPH cytochrome ¢
reductase activity in lungs of the four species of animals in control group {A)
and NO, exposed group (B).
@, Hamster ; O, Mouse; [J, Rat; A, Guinea Pig.

6. T—FHLE~IRLEZ—IZL 5ERERICOVT

Ny RALE S — VR —F i & ABREEEOMEEEER 6 R Lz, T—F Ik S8
RBiwZE2F ToOREER, TOBEOEV DL, TVA, NAAF—, ELEy b, FybEn
SEFET LI, CHRBBRALL—F A g TERET 2R AL 2 L ERL T
Ny RNV E S — iz kB ERIERREE, ATy MRS RV TR L, 2 OBERMSRE,
AHH #FM RV LCoEOEMMT IR L Tz,

% =
TH# S~ 7 AD 4 BHMT NO it T 5 B2E (LCy,) LEFOMBEMLISEE (TBA#E),

B LM AR RERES OB YE (Antioxidants) F L OMICEH MBS 2 Z L 2WEL
720

AFREENESRE L ABETHL IO L) LEBESEIT A2 E I L ERRLLHITN LA
F—, wUA, Ty FRUELEY FEROTRIILL.

KEBRZEWT, BRMEMNTRNERE B Lo LEERRUCERERELCHRLY
#1%8 (Antioxidants) BEEOHR—FEE TR, vVADRREOKRD L 312, LCs L WM 2 AEMME
ETLbORRMo, LvL, SEcHT 2 8B 0ES (Exposed/Contorol) TH 5 &,
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Fig. 6 The relationship between LC;, and sleepingtime in the control animals
from the four species of animal (Hamster LC;, =28 ppm; Mouse LC;, =38
ppm; Rat LCy =49 ppm; Guinea Pig 1.C,, =62 ppm)

The steeping times were measured by ethyl ether (ll) and pentobalbital (O, 30
mg/kg; @, 40 mg/kg, and [J, 50 mg/kg, ).

a-tocopherol, Totallipids, GSH «Px ¥ GSH R (€A% v b3 <), aralkyl S-transferase
& epoxy S-transferase (A€ v FEEL), T 7ro0v—4 TBAE, AHHER (s4~%£ Hid
B <) &8 LCoo DWINDIEIC B T, LCofE L ABBEM AR L T, 20 & 3 2ERH» S NOER
KT 2 REE SRS 3 BRO—DK, £EONBED S ORROES EEsH Y, NOREI
£ o THHERBERENS Antioxidant BB K& (EHT 2B E Y B2USEV I L8R i,
ZE, ELOBBRDVTENEY b LCERBVI L avb o TTHHRBEEEN TRl
WX T S RBHOES 7y PEADETLTED, L kDG ot T, L Lss,
TATy DIV — AP0 AHH EHREBICROEETRL T I3 ms, COIEHE
VLG ERTT I EREIFS LT A0, s LEyy, AHH iEYICBS L T3 cytochrome
P-450 3EE DN xv & xiviZ R U7 & 9 BB EH e RS T 2fEAS D5 Z Lo 6 2 OATEMH
FEZohd, TOFBREY MV EY — iz & 2 RRIRE RTINS EOD LCs LML Tz s,
CELEY PTELCRDP 528 (@6) L bBELTH Y, 4, 70y —ABHORKEAD
FMCERETD C L k> THYENORZMOECEHIAL 3 2EEM 2 H D Rk S 2ET
BHbo T, TOL I aHRNL, Sagai®sF v b i AHH EMFESRMO 3-AFAL2F VAL V%
BELLBEE, BRBENOEEIN L TELVEGYENH L 28D LT
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5, CheDRERTII 7Y - ABFOBRFEHOBIN NOZNT 28w Ao r0MEESE
FioTwaZ e ETRBLTVLE L0 LE 2 & HEEEY,

a;Tocopherol 2RO Antioxidant = LTI {HenTH Y, £ENT a-tocopherol HEH
o BEEIEE o £ iZINH = 72, a-tocopherol @B v HBEMLEEEAENT S L 0wS Z
ERELOFRFIC Y > THESN TS, 2 & 21, Fletcher & TappelPViit s 2 > EHEOR
GAEEABRLZZy 2 07pm AV RS EMEBRE L L3, RGO LS & EWBEL
BTHMEO TBAESE L, 220 TBA {8 X fE T a-tocopherol SR OITHE I A DMHEE %
AL ERHREL T b,

SE, EFFLRARDPOES v ERIFHOEY I VERBELHET S L LA ERBHI- T, Mo
TBA {8 ¥ a-tocopherol & & OHBEEK DWW THANTHT, FOEE, Fletcher & Tappel D3
S0 L ERR IO TBA{H & a-tocopherol B & B X ECHERYE (M) nEEL, RO«
~tocopherol &2 IBE BRI LIEE E44E {, MIT a-tocopherol & EAHEVHES Z AR LB
BEXBVEL) LY, BPEOBVEEI TR DI LR ENT, ZORKER, NO,ob
FDEEENAT S LTEELERER TR0 LFELHNE,

g7, 2R Lz L2, o TBA & & GSH-Px &t & o EOHEMEEHSED & e
OEV R GRERCEER & 2 ORBBRFEEIEELEEL > TV 2 EENE st Eh
12

F7:, NPSH @<=V AOFZMEDHRD X 312 LG HOF R T NPSH 458 <, Anti-
oxidant £ LTHELZ VO THD I ML AN TS, Ll, SEIOEE T NPSH 4318
DEIEWO LC EHEAL T2 EwIRRIEIB AN G020, K3 wRT &5 GSHPxiE
MOEWEPITIE NPSH 28458 <, GSH - Px BHOKOEM T NPSH #4415 2> T8
B, NPSH 21 GSH - Px i§f L M BRI H 5 Z 8B ezl o7,

Bl > 5EIOERTIR 4 OB O LCsW I BBLIEE R, MELEHERERBERY
Antioxidant & ORI EEOHEL % <, PR Antioxidant % EEECIERL &> TR
ZHSREZLOTHIAEMEZHEACLECLL, 21T, FEEOR~ v AREOES L &> TEHY
ORI TR, PRBOREHIFEMEEC X > CTRICRED NO 2 BRAL T L EEFBA L ThldiE
TRETCRBEEFETIMEER DL LEZ, TR L Z2BENEN2HE~<:, TOBE, B
R OEE L LT D MAC G0%OBYNERICV: 50108 £ 4 % minimum alveoler con-
centration) XEMMEH TR TEL AT EHEA R TV S, SEOER TR, —E&FOL—7F
VHE CEERESES LI EREEL, 202 LIZFA—BEO NO, ¥ BA L T b #aubthile
2 TEET AOICEYEMEICEBLRIEZIEERLTIVELDEELI SRS,

BEDZ eps, BMEMOREHOMBI OV TR, SEFA L 24 SRz,
MRRERE T O AR, BIHEEHREELERL T, ORI T s LENHE LE: o0
%o
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NO, 88 £ 3 IBHARLOBEE

28, SEORBEHEAELEET 2R 2ROERETY, B THVERESB A, &
HRER 2OBHOEREERL LD THE I LTS,

W

L BRI SY 5 NOwiy 2 BEMRMOAREEER, MBRENEEERBEREERY
Antioxidant &7 P BEMCEE L SWREAE T A AIREEMSHL IR 5 T2,

2. &5, BMEMCEY 2 NO T 3 RS HE T 2 BEBORS, Thby,
NOZB L 2 0HEL SOERFEORZVLEHNEILEBRRLBEMCH 3 Z L8R SN,

3. CoONEENSOBRRES THETALELET y PRELONRF A—F~IBT, FDOME
Bmrsfh Tk, TALEy FOBESR AHH Bl TR EN L 5T eytochrome P-450 BIERES
BB IFEE DL D ERKICE W I k&, cytochrome P-450 258 HEEE AT 2 EH %
BoTWwWH T L, cytochrome P-450 BEEBHEAEL Ty F ORESHICHROEELSE-> T3
ZEMRBENT,

4. o> TBA M8 & a-tocopherol #iz ¢ EOBMM TADHEM 2L, #fic TBAfE L GSH -
Px, GSH S-transferase, NADPH cytochrome ¢ reduetase i&tE i3 IEDEEE % = L, Antioxidant,
E B RS L BB LIRS & OMEAEOROEB V2 2 A THEI T 2 eatRahie,

5. IMERKC BT 2 NOKHNT 2BRZRHORLE, =T AKHBEROER» o RECEHE
FH, FEHFEWERLERTAETHE Z EdRani,
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BRECEEREB I Ty POETERE D
Arylhydrocarbon Hydroxylase iEH#OBREIZ >\ T

Relationship between Survival Time of Rats Exposed to
High Level of Nitrogen Doxide and Arylhydeocarben
Hydroxylase Activity in Lungs

BEBF - ST - THHFE'
Masaru SAGAL, Seiichi SUZUKI? and Takamichi ICHINOSE!
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FiZ, SDFRF vy ML ORPHBERFTEN LIRS T 5 tEIRREOC NOEB I
WML TEEREIEFL{ERENZ 2 R0HL, »OBOLFREMNEI DRV
EEWELI,

4 [al, Wistar % v b2 30~60 ppm @ NO, % 8 FFIRE L, SO TREE 2Ky,
M LCeds 45 ppm TH B DITH L THIZ 9 ppm THoTc Z e HHELHE L D b3EVW
WERT T L EEERL . Hio, EVNNHEBEERERO NOLINT 2 EGHROBF &
HEMOEEREORBRORELRAN 5B, I-AFLIT LAV CDRREC L 4R
BRI LB 3 7 0 Y — ARBRIEN L OMEEEME L, TOBER, —RICIMCRERO
B E>TNORB 7 v bOETFRMIBERL, »2 3 70V —4O Arylhydro-
carbon hydroxylase (AHH) &ML TE 0, @EOMIEHHBENZED 6h iz,
%7, 3IMCHIBS I X 2 EHSMOES » AHH MlEOMN ECEETH Y, BH%
PG LRI RN D 2 Z e s, —H, £ » oY — 4@ NADPH-# 7 o
Lo BUBEHERIMCRERL A THE Lo Z L NOBRICL AL
FREMOEEMR & NADPH-F F 7 v A ¢ SUEBEREE L O BEES B2 EMNTR
W s iz, :

IheDER,S, Mz 20V — A0 cytochrome P-450 12 NOKH T2 6 40
FAEWER R 3 AT 2RI & LTz,
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Abstract

In a previous paper, it was reported that survival times of rats administered drug
metabolizing enzyme- inducing agents prior to NO, exposure were prolonged against NO,
exposure of lethal level, and that the survival times of female rats were longer than those of
male rats. ; P

To investigate a mechanism of prolongation of survivai times by administration of drug
metabolizing enzyme- 1nduc1ng agents and of sex difference, a relationship between survival
times and microsomal enzyme actmty in lungs of rats administered enzyme-inducing agents
prior to NO, exposure was examined. The survival times of rats exposed to NO, were
prolonged generally with increase of 3 MC doses, and aryl hydrocarbon hydroxylase (AHH)
activities in lungs of rats were arised with increase of 3 MC doses. A significant correlation
between the survival time and AHH activity was observed. Induction of AHH activity by
administration of 3 MC in female rats was higher than that in male rat. NADPH
-cytochrome ¢ reductase activity in lungs of rats did not change with 3 MC administration,
and a significant relationship between the survival times and NADPH-cytochrome ¢ reductase
activities was not observed.

These results suggest that cytochrome P1 -450 system in lung microsomes may have any
protective action against NO, exposure.

(b s P

B, SEoEYAERRFEF2IRE L7 v M NO,OBLBERB CH L TAF
BESEL(ERE NS I L2 RLHL, »OBOEFERESELY bRV EEHELLY,

IhET, HEoESRBBROFRCHT AMERIED TH L, BLEFRUAORBEOBER
FHICET AHmELBML T35,

IDDE,NO,D LI R AAFEMEOHE SR LMY 2MEL TS Law o2 MEAL Ty
Fiz 9w, Burk & Prough® 3/ A A ¥ —i2w T, &7 Seifried 5¥ =7 A DL THEL
Tz, CNEHEHBDL X 3-2AFA25 ALy GMOK2WT{ThbhTsh, 2@ 3IMC
LA ENRHBROFYISERBC Lo TREZD ZEMMHN T2, JOEYRERROD
% Arylhydrocarbon hydroxylase (AHH) #E%#ix Cyt P,-450 ROFEE XA~ 2 0o THE%
FErLTHOWLNTE TS, I, Warren & Bellward® i35, FRUBIZ 2V T&LZIMC &
B = AHH 3% dose-response BBfRi DT L (HMEL, BBERREMCHT 2 HELER &
&L Twa, ‘

&E, £ 03 - OBEDRBMBERFEAO NOcx T 5 EmshROBF & MM O S FREOH
BOEE*RAL A, BREFAFO bEGPHRIBLEL o IMC 2RAWT, 2oR5EE D
%, 20O Cyt P-450 ROMRTH 2 AHH %L 7 v P OEEREOHEBEIC oW TRETL
725
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-
B3 8 AYD Jol: Wistar 7 v b 2 Aviz. LTSI 30, 35, 40, 45, 50, 55 R U 60 ppm
DO NO,ERLZBBHEBEL T o SHMREHE L oKD 7 v bAD NOBBIEEE
BEE b MR 20 B4 D RBRCIT 5720 8, NO,OBEAERILOBREY IKHELT, 3-2F 105
YAy (AMC) MEFR THEKL DMALZ b OE4 ) —7HCE» LT 1B 1, 4 BRE
SRS L, SMC 058 25, 5, 10, 20 R 40 mg/kg BW. & L, 77 kg FEL:
DOZYEE 2ml OF ) — FHICES L TEHL, MR Y — 7 2 EH L 2. NO,BE
15 AR T, 270V — ARFROENAIEDL SMCHREMEKEZSBEOZ vy FEHVLTIT2 7,

OB ALE L D BEBEREREZEALTTY, AEBRE AR, BERKERER TS
AT 2L TESAC LT 50 mM Phosphate buffer {(pH 7.5} # AW T F 70y RkE I F A F—
WINERGHT CERL, Y FES2—MCHBE L, 2OREZ 2 — b % 200 Xgb D&
DATBEE TV EIEE & 51 10,000 X g 20 2RO L 72, 2 OFEGEEE 105,000 X g DEGED
SEEEITY, FORVY FRIOKYOSY Lo —EEE 0.25M Tris-HCI buffer (pH 7.5) &+
ANV ELTE 7oy —LREREE L1, AHH MO EE ik Warren & Bellward® O EE 2 {f
vy, NADPH-cyt. ¢ reductase i HEE 3 Strobel 59 & D AHBEICHE -,

i £

S, SDHRT v FHAEBENOER WL T, MERCEZHORNAH D 2 L 2WEL Y,
SEMEALE: Wistar 7 v b THRICERZ R To 85 B3 51, 30, 35, 40, 45, 50, 55
BLU60ppm O NO, i E 28 IFHRB L, 3 3LHROTE TS o O NOITHT 2 BEFHOE

Mortality (%)
=)

_

0 30 35 W 45 %1 55 6O

NO, concentration {ppm)

| BBENOEBINT S 7 v b OFECHMR :
Fig. 1 Mortality curves of rats upon NO, exposure of high levels,
@, Male rais ; O, Female rats.
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G ERE L7 (). L & 30 ppm © NO#H TRFELCHIIRSD 2 v o le0s, 100%FEET
SWEIIHETS0 ppm TH D, METE 55ppm TH o7, 2 540, ZOECEMBEH S LCHERD
B, BEE39ppm TH o DIHNL T, Bid 4Sppm 240, Wistar £ » FToHENMEL hETF
REWHE T L HHEIL 72, '

i, OB TR LEGHMBNE L2 IMC 20T, #OB5E% 25, 5, 10, 208X
40mg/kg BW.EZZ THHL TH» 5 65ppm NO,BEIC L 2 &£ HFEMOZ(L 2 HEHEO Wistar %
7y MCOWTRE LA (H2). 7y bOEFRMIZ 3MC #5810 mg/kg BW. TRERF
PHIIEER L4320 mg/kg BW 54 40 mg/kg BW L5841 pitc SR EE
Lice =77, 7 v bCRE#EZ v b L3 EA D 3MC OR5BEOMEN - TEGRM X 40 mg/kg
BW L~ THEHNCEE L, Z0ERLS, IMCRSE : £FREOMOE— BRI
VERER TR IR 2 2 28, IMC TEYNRERELFTEL T L, NOBBEC L -THET 25T
ORI ER T2 ERAE2RT 2 EBHERB AN,

Servivgl Time (min)
8

Lo . . . . N
g1 25 5 0 20
3 MC Dose {mg/kg B.W.)

2 gajx-%w:i‘/xv‘/ (3MC) 5 H X 65 ppm NO.BE T L 2 £ERE D
1%

Fig. 2 Relationship between 3-methylcholanthrene doses and survival times by 65
ppm NO, exposure

@, Male rats; O, Female rats. M+SE

ZOIMCRECLEIBEFHEIIMCORSRL YOI S XB-NEMEETRT 5B~
KF 27 o0—LP-B0ROFEORBICHDOTENLZFEL L THL 5T w3 Arylhydro-
carbon hydroxylase(AHH') EUHOTELER . HI IR 7oy —4do AHH i - 3MC
HEROR—BRBIELF Uiz, BONEEO AHH #5442 0.25 Units/mg « prot/min THED 0.78
Units/mgeprot/min I~ T{EWS 202, SMCHESICL A MERME M TEL CEL, »
DA FEOBS R 10mg/kg BWERLEOIMCEETROLA AHHESHBETLTW
tro —H, HOBESTEFRMOBE - 0mg/kg BW £ T3IMCOBRSEBOENC>hT
AHH FEHE L Twi,
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NOARFEC & 5 4770 L AHHIEE

2 ER3 OKERP S, 65ppm NORBICL 2 EFREE SMCRSY v i AHH 5
DA ZRE 4T L, M oM ng &5 RS () 1209288 (p<0.001) =%
ORI b 53 NORBICH T 2 SR LM AHH 54 - oMz i34 AR
L Twde,

K, Moz s7aY —LfTH 27 a—L4P-450 KETFEUHET 2BETH 2 NADPH-Cyt ¢
reductase {53 NO,BZHR L BB H 20K 3 02 T/RL A IMCO®RERAE 2 - BE DI

AHH activity
{Units/mg.prot,/min)

0 f " L " "
01 25 5 o 2 w
-3 MC Dose {(mg/kg B.KW.)

3 3-xFnazsAvy BMC) %58 L3 2 0 Y — A @arylhydro-
carbon hydroxylase SO KB

Fig. 3 Relationship between 3-methylcholanthrene doses and aryl hydrocarbon
hydroxylase (AHH) activity in lung microsomes
®. Male rats; (O, Female rats. M+SE

.
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3o} —f
< -

=t — g

3 JER A SN

o Ly R .
0120 10 160 1@ 20 20 20 20 2%

Servival Time (min)

4 65ppm NOBB L2EERM LM 70 Y —Adaryl hydrocarbon
hydroxylase (AHH) &0 fHEBE1E

Fig. 4 Relationship between aryl hydrocarbon hydroxylase activity in lung
microsomes and survival times by 65 ppm NO, exposure
@, Male rats; O, Female rats. M+ SE, r=0.9288 (p<0.001)
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NADPH-cyt.c reductase
(n moles/mg.prot./min}
=]
-

] — N R
C 25 5 0 20 w

3MC Dose (ma/kg B, W}

5 3-AFNFrALYy 3MC) BEREMN 22V — LDNADPH-cyto-
chrome ¢ BLBEREHOBER

Fig. 5 Ralationship between 3-methylcholanthrene doses and NADPH-cyto-
chrome ¢ reductase activity in lung microsomes
@, Male rats; (), Female rats. M+ SE

Moy P OB—RBEPEAKEI R L, ZOESR, o NADPH-Cyt ¢ reductase & 3MC
B5EOELICL ST EEA FEE Lo t, TOBREBEARD I NS NO,ZRBO AT
ORI TS OB RE R T,

# &=
EEE NQ,2B I+ 2 £FHME SMCE/EEOMIMc DA TEEL, »2 2 0AFRMIZNN

17ov—A0 AHHESE OB EWARS L 2 s 2N LR, 3512, 7 v ORERRE
TREOEEFERMSE, AHHES L HE#H 23S IMCREMELBE TR, o, INE
T, W7oy -4 AHH BEHOEEOEN I DWW T L Nebert & Gelboin™#3 6 RO w7 A
DLTHEN, EHSEL D EESy L HE L 7248, Gurtoo & Parker® K ¢ Chhabra & Fouts® & i iff
MR ELEREL T3, —F, v M2 Tk, Warren & Bellward®?: AHH iEMEiXBED I
35, O FMCES L2 AHH IEHOFH LM THEETH 2 L L2 HRE L, RAORER
it Warren & Bellward DEE R —~KL Twb, £7 Warren & Bellward 12 3 MC i & 2 5F
LB AHH EMOZHE LA, BE L 3-MCome/ke £ TiIZE A VBB S+ o AHH 51
FHUOB—EER L RELBILEFREL TV S, ZOBERE NORB T 2 £ 77FRL AT,
o AHH B L L Tu RV ERS T ERRELTWS, ZASOI Lo, BEE NO&
Bt B ETERIT, B0 AHH B L Cith D AHH EH L BELT0a 2 L8RER
f2o LnL#36, M) AHH BESZNE S CEBCATRMOER¥EC T e H15  Li#
ML,
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—7, NOREIC & 5 AHH iEHOZE/IBL T, Palmer &3 7 ¥ %12 5,20 & UF 40 ppm NO,
= 3RHEZEL, AHH FHic&E{es2 w2 L 28E L, Husain & Dehnen'™ix % » + iz 14.7 ppm
NO, % ki 4 HERE L AHH FHEH 15~ 5L 7: 2 L 2 HEL T3, Che0BE X
D, AHH H i GRHEE TRHESOSBETL b 2 9 FEVED s ns, 1 »ABRDENE
BTEEMESEBLEMTS I EERLTWS, Bridki, v b2 04, 1.2 KX 4 ppm NO,iC
RELLHE, FEEMHE#ER 1 pFEESBOEORET, 800 & » THEELERL
EEERRECROET L TWIRATH B e HE LY, 20X 342 Eb s, ookl
SO TERS S EE TS LT AHH B#E O EETH 2 cytochrome P,-450 (F) 17 & NO, izt
TEESHOHERESTEEL Tw a0, Livkls, Reddy 5" BT 70V —ACESLT
v»% Glutathione peroxidase DEEEWE L iz, 20D L 3 SEZOMIC L IHEEENEEL TV 3
AREM YIS 5 DT, SREMED cyt P-450 FHHHFIC 2 v T2 OBRFNEE - £ 2O MG 2Rt
TAEFETH 2,
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“EBAERNT v FRBARRS CRETEE

Effects of Nitrogen Dioxide on Membranous Constituents of Rat Tissues

EBEE T =@ H'e FEat - RfEhE
Yuji TAKAHASHI!, Takashi MIURA!, Katsumi MOCHITATE!
and Takumi OSUMI?

£ =1

TEREEFE (NO,) “rsBBOREBLrEERELsHL T2 LHKE T v F i 4.0
ppm, 1.2 ppm X F 0.4 ppm & NO % 4 BMREL, W & CFROAEERR S OEE
kg T O Ea A

Moz rarF)7eizaY—A0BTEERRSE 1 BB TRMEBIELD BV
fHERL, MRS U 2 EECIINERI D b EWEE £ 572, 4.0 ppm R 1.2 ppm NO,
RETI 2HEMEHUHEINL 4 BB NERL 0 BWESF LS, 04ppm NOLE
BTR2HELROBNFEI s o, NOLKRIZEFEERRSORA L 3 7 2
V= ADF b7 0k P-450 iR E M2 E <, 4.0 ppm, 1.2 ppm NO,BBIC L - THBED
FRWZ5T% (p<0.03), 62% (p<0.05) RUF54% (<00 WETETL,

fFirny—L0oRTEERRSE EDS E CRIETLNEBEOEE ) LB h Dz
OHEFML 2EBICRHBRI D DE R -7, 2EBIVBEUETL, 4.0 ppm KU L2
ppm @ NO BB Tid 4 BB HEBOM L D E & -7, NOBROBEIEYR
HRCBEELNEL, F 7oA P05 4.0 ppm BT 04 ppm NO, BB 188 T
FRAEID 759% (p<0.01) BU69% (p<0.001) iIcETET LA, %7, NADPH-+
P U A c HIBEEELVEEIETLL,

PLEO#ER» S, NOBRBE & » TR UROEEER B~ BHE- 8 v 5 44
TNRMUS TR I EBEshEL o,

Abstract

In order to clarify responses of rat tissues to NO, inhalation, Wistar rats were exposed to
4.0, 1.2 and 0.4 ppm NO, for 4 weeks and alterations were observed in components of
electron-transport systems in mitochondria and micresomes of lung and liver.
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Components of electron-transpert systems of lung mitochondria and microsomes were
increased by NO, inhalation until the first week and, then, reduced te below the control level
at the second week. Subsequently, exposure to 4.0 and 1.2 ppm NQ, caused an increase in
these components and reached above the control level at the forth week. On the other hand,
exposure to 0.4 ppm NO, did not cause an increase and these components were retained at
below the control level. The effect of NO, inhalation on components of electron-transport
systems was preferentially deteriorative ta cytochrome P-450.

Components of electron-transprt systems of liver microsomes decreased by the first week
and, then, increased 1o the control level at the second week. At the forth week these
components showed reduced values at the exposure concentrations of 4.0 and 0.4 ppm. The
effect of NO, inhaltion was more specific for components of drug-metabolizing system.

Based on these results, it is concluded that processes of degradation and repair are
periodically developed in components of mitochondria and microsomes of lung and liver
upon exposure 10 NO,.
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Fig. 1 Changes in the protein content of lung homogenates during NO, inhalation

(0, 04 ppm NQ, ; @, 1.2 ppm NO, ; @, 4.0 ppm NO,
*p < 0.05; *** p < 0.001
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Fig. 2 Changes in the succinate-cytochrome ¢ reductase activity of lung homo-
genates during NO, inhalation
(O, 0.4 ppm NO, ; ©, 1.2 ppm NO, ; @, 4.0 ppm NO,
*p < 005
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Fig. 3 Changes in the NADPH-cytochrome ¢ reductase activity of lung microsomes
during NO, inhalation
O, 04 ppm NO, ; ®, 1.2 ppm NG, ; @, 40 ppm NO,
*p <005 **p <0.0]
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Fig. 4 Changes in the NADH-cytochrome ¢ reductase activity of lung microsomes
during NO, inhalation

3,04 ppm NGO, ; &, 1.2 ppm NO, : @, 4.0 ppm NO,
**p <001
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Fig. § Changes in the cytochrome P-450 content of lung microsomes during NO,

inhalation
O, 0.4 ppm NO, ; &, 1.2 ppm NO, ; @, 4.0 ppm NO,
*p<005; *p <001
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Fig. 6 Changes in the NADPH-cytochrome ¢ reductase activity of liver micro-
somes during NQO, inhalation.

O, 04ppm NO,; ®, 1. 2ppm NO,; @, 4. 0 ppm NO,
* p<0.05;*** p<0,001

120}
100

80f

of the control

A

201

O 0 20 30
Time of Exposure {days) .

7 NO,ZBRIZFizouy—-ADF 2 uisP-450 EROEL
Fig. 7 Changes in the cytochrome P-450 content of liver microsomes during NO,
inhalation

O, 04ppm NO,; ®,. 1.2ppm NO,; @, 4.0ppm NO,
<p <005; ** p <0001
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Fig. 8 Changes in the NADH-cytochrome ¢ reductase activity of liver microsomes

during NO, inhalation
O, 04ppm NO,; ®, 12ppm NO,; @, 4.0ppm NG,
*p <005
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Fig. 9 Changes in the cytochrome b content of liver microsomes during NO,

inhalation
O, 0.4ppm NO;; ®, 1.2ppm NO,; @, 4.0 ppm NO,
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Effects of Nitrogen Dioxide on Components of Liver Microsomes :
Effect of Sodium Nitrate
Fiuwg - R F =@ 2 mEE
Katsumi MOCHITATE?, Manabu KUNIMOTO?!, Takashi MIURA!
and Kunimitsu KAYA!
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P-450 BB 2R R MR Eh o, 01 mMEEEF FY Y ADEIMIC LS 220
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a2, 170V —AMORBEEBAA Yo TET T2 EnERER,

Abstract

In order to determine the chemical form of NQ, producing alterations of microsomal
components, microsomal fractions of rat liver were incubated with sodium nitrate and
sodium nitrite at the concentration ranging from 0.05 to 1.0 mM. Sixty minutes after
incubation at 37°C, microsomes were recovered by centrifugation and values of components
of electron-transport systems were determined. Incubation with sodium nitrate resulted in a
rapid decrease in activities of NADH- and NADPH-cytochrome ¢ reductases up to 0.1 mM

1. BIXAEFER BE4AEIE T305 GEHAEESHEIT/NER 16 % 2
The National Institute for Environmental Studies, Basic Medical Sciences Division, Yatabe-machi, Tsukuba,
[baraki 305, Japan.
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and leveled off. The effect of sodium nitrite were less significant than that of sodium niirate
except for the cytochrome P-450. Both ions did not affect the arylsulfatase activity and the
cytochrome b content. These results are completely consistent with alterations obtained by
NQ, exposure, In addition, addition of sodium nitrate and NQO, exposure lowered
microsomal subfraction with lowest density.

These results support that microsomal components are decreased by nitrate ion during
NO, inhalation, if the nitrate concentration of the liver is elevated to the similar level to that
in the blood.
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Fig. 1 Effects of sodium nitrate and sodium nitrite on components of electron-
transport systems of liver microsomes
(), sodium nitrite ; @, sodium nitrate.
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LD 2270V —A@Ea%ER LAY E3PCTIEMA Y Fa—v g VvEELICED
70y —LwEL, B1ICHRA A L HREA A 2082 20y — ABPEERESICRIT
FTEERER Ly NADH-7 b7 34 ¢ BUEBRR U NADPH-F b U 4 ¢ BT BERIEM SRR 7
P ADRFIMEECHEELTETL, 0.1 mM THIC 80 %M Tw & TR L1, BT 2mEe+
FUYLADEEE 02mM B EC LTS ERETRET LR > EMEE S b ) v A0BRS, Bl
BOWEF P YALD b Ao BIMROBEE R IR NE ok, LbLEMS, F1
70 b P-450 L TIZESEE S P U Y AL D LEBECETRENTES Sk,

= 1 F:zov—»ARARIZT NOBEEHEEF ) v 2 0BOE
Table 1 Effects of NO, exposure and NaNOQ;-treatment on components of liver microsomes
4 ppm NO, (4 days) 0.1 mM NaNO, (1 hr)?
Components
Control Exposed % Conitrol Exposed %
oVt due-

NADPH-oyt. e redue 150408 16215 85 684 568 83
tase
Cytochrome P-450 96+ 5 gl+ 6 84+ 298 212 7
NADH-¢yt. ¢ reductase 458+ 29 407+ 22 89 16488 13355 81
Cytochrome b 67+ 4 654 2 97 2148 2070 97
Arylsulfatase 10.1+1.2 9.6+1.0 95 388 347 93

tunit per mg of homogenate prolein.
2unit per liver.
*H<0.05.

Fli, 4ppm NO 2 4 HEBB L7 v rOH i 70V —ARAOELE S 70V — AEHS %
0.1 mMBEEES + ) v ATHRBELESOEMERR L, dppm NOBBEICLoTF b7 0L P
-450 Z &I 84 % (P <0.05) g4 L, NADH-F U NADPH-# b 7 2 4 ¢ BOBEEE L &L
MO B R LBV T 2HEARZTR Lo —H, F 2 aL BEBETUAHNLT » 5y — FiERIZIE
EAFERL ok, 370V —ABS% 0l mMBEEF MY v ATMBLRES, F 2 04LP
-450 BRI HERFD 71 %ET L NADH-E U NADPH-# + 7 1 A ¢ BUERESIIE40 %R
VB UWET L Fr o3 hBRBETIUAFALT y—FERERBLASEL Lo, o
T4dppm NOBRBR LB 370V - 2BFRERKSOETIIR, 270V —4% 01 mMBEA &
YTMBLIER UL Ty,

2. NOREBEHEMF MU ILAENFIZ70Y —LOBESCREITES
i7uY—ARKBRUBRORER LV S S TRERGD 52> T b, NO,BBER U+

FPUYLECH L TREEORVI 70V —ABESMDPEET 2 EEEHELLIZ T 01,
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80

% of the initiol ectivity

GGJ' NADPH-cyt. ¢ reductase

o} 20 40 60
Incubotion Time {min)

B 2 0ImMERE+F bV Y AalmMIc L 23 7 0Y—4NADH- R U
NADPH-# b 7 0 4 ¢ BtBREEOEREL

Fig. 2 Changes in the activitics of NADH- and NADPH-cytochrome ¢ reductases
of liver microsomes during incubation with 0.1 mM sodium nitrate
(), control ; @, addition.

NOBELLZy rOM 70V —ARUERBET v beosTEELL 7 oY — 4% 0.1 mM B
SRV TATHAEL D% Y a BRI VMSE TS s 28HA, M2 Wi
Y —LAESE Ol mMAERF P T AEITCTA v Fan— b LEBRE L 2 BEEROBNE
feET Lz, NADH-# b 7 0 4 ¢ BITEERE & NADPH-F b 7 0 4 ¢ BTREEIEM I 40 5R0 1204

4ppm NOp : ) day Q.tmM NaNC3z : 30 min

gl 2MfleM——=—oom| |_2M~h.2m—-—?qi——-o_em|

Activity

Fraction Number

3 NOBEBIy )OI s7uv—LRUEEF M) TANEI 70V —4
D a FBEROELROHC X 29 E

Fig. 3 Subractionation of liver microsomes prepared from NO,-exposed rat and
incubated with sodium nitrate by density-gradient centrifugations of sucrose
Q- O, control ; +, exposed.
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B b YT AR & B3RP HETL, 40 2EUREERNONBETLERZOBEMEIL
72o ZTOIMMBEEEF bV VAL PCTLIEMEIA Y Fa—var Lz 7oy —~AERKED
WY s BIEEARRLET 2T,
Bl3ic3zay—ARRDY a EEGEEL P — 2Rk, ¥ EEARELICL>T
B TRLUANERO £ 70 Y — ABSIZIZE 205 aht: (1~1D, 4ppm NO, REH
DS, NADH-7F 7 0 c RTEFREEIROULES N SOIITELLEREFSEI > Tw

-3 2 17 0Y—AMAEBESD NADH-8 &£ U NADPH-# + 7 o4 ¢ BLER
T

Table 2 Activities of reductases in microsomal subfractions

I 1n il
Cont Expo E/C Comt Expo E/C Cont Expo E/C

NADH-cyt. ¢
reductase (xmol/min) :
TA* (.92 1.08 .17 4.04 4.13 1.02 6.21 4.68 0.75

4 ppm N
ppm NO SA** 288 304 106 762 768 101 606 498 082
TA* 143 155 108 480 543 113 755 540 072
0.1 mM NO3 -
SA** 208 304 102 658 705 107 576 426 074
'NADH-cyt. ¢

reductase (nmol/min)
TA* 44 44 1.10 162 168 1.04 245 158  0.64

4 ppm NO
ppm AL SA** 136 156 L15 215 219 102 192 134 0.0

TA* 49 59 120 164 180  1.10 236 170 0.72

0.1 mM NO;
m s SA*™ 102 116 114 225 234 104 (80 123 048

*Total activity (per ml of fraction); **Specific activity (per mg of protein).

prsBomkrol, ARIC0ImMBET M) v A8 %{To 220y ~ATH NADH
-F L2700 c BABREEORY IR L ILEO/NEOINEI TR > Thntz, 22 1, 11, E
SO NADH-# + 7 0 A c BREERR U NADPH-F + 7 0 4 c BRBEEOIEE 4 ppm NO, B
B0l mMBES Y Y AEZ L TR AEER LA, hENKEZES | RUN TR
4ppm NO,B&, 0.l mMBEE» V) 7 A BT OBEETORBHL DO L 2BLELRETL
7zo HEEO/ A ZESINE, WEER e SHEBELVETLTW,

% B
BIdE EWT 7y P NOEBEB T2 L8, F, BERB|BO: 270V —LAlRasmgl oo s
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BELLY, EPETE NG I 7 oY -~ AR TALEBEL DLW THs 2 T3 2 LE2HA
720 NORFHIRC BV THEREA 4 v L THEER A A > = R VI PITBEET 29, 2ha 4 4+ v REA
RERTIEETHMEBENC LD IEnZ e EZ 602", AppmBEBEO NOEZ 7 v M ICRE
T EMBFOMEA A BEIBERERCZIZEREEL %D 01~02mM o@Eic i 3%, HE
BEA A RESEHRMERCIRDAETA~ES o 2 A MEULEEBA S 2 20, §E-7 NO,D
AEAOERBIFERAL L3 LT 558, FRELSI QRN CRMER A o - B4 v L L
TOFFEC OV TLERLEZTREZ >0, AR TEHBELD 270V —AES 208 L 2h
B5AG YPEFERERRACEETEEC L TIRLE, 20OER, Y7oV - ABTFEERR
PEETSRIHRER, 7 F 2704 P-50 20 TREA £ Y OF6HEG 0 LT amL R
(1), W4 A > i 4ppm NOBREIC & > TIIEF I EINT 2 BEOBRETE CH 72, %
7 NOBBC L - THESRTLADRI 70y — 255 F 7 oA P-450, NADH-F t 7 0 4
cBITEEFR L NADPH-F b7 04 c BEBRTHD, FIrI70bbeTVAHL 7 78 —¥idid
EAERELZIhot (B, MBS MUY AABCIAPBRIINE I -RKRLTEY, E
CREEOESVLIRERLTH o NOLBEB T Lo THEMNNEWE 70V — AE SR
bzl epHHemnri ol (3), WS M) Y AOERYARRCHEN NS VLI 7Ty —4
B ICREREG R 7, CHASDEEREMS, NOBRIC L » TS HEINT 2 THEE A o+ » 23T
NCHRBEOBRBEC 5 LRETHE, 370V - LB EERRSERERA A L - THEY
AR RS s T LT,

51 B X &
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Comparative Studies of Susceptibility of Various Animals to

Shori-Term Exposure to Ozone or NO,

et « WATEAR - SFF B
BT - B

Shinji TAKENAKA!, Hirchitec HORIUCHI?, Tooru IMAIZ,
Fujlio SHIMIZU' and Masataka MURAKAMI

g =]

YV UrRMREBCNT A EEEREMOREN Y, NOBBOBES L L 2o®EL
Fro COEBICH L AN BT O BIKDO T VR A BHD T v b, T— L F N A AT —,
N—bL—FLEY FTHE,

<7 ADRBEMICIEA V>l NOOWTFRIIHL THEEESEOENTES s ik,
AV U T, B CGH Ll C, BL ORI 4850 LG DEH D, NO I LTIl
CF, ¥ C,BL oRfflic 21 fSDEMNH o1, Z v PORTORBET L i, F Vil
T 31 ~43ppm, NOJTH L T 39~56 ppm DEHEICH -T2, T—NAF AR ¥ —i
NOyizr USRS (M0 LCyy»t 22 ppm, M@ LCu#t 28 ppm) TH - 7245, &V il
LTRPEEORSHETR L, 08 (15 RH0BWO s hahitil) ksidatyrvic
&% LCs &k NOIC & B LCso i (XAHBARBMR ARG L, (FEHERE 0.52, p<0.01), LC,,it
BOFIE (NOM £ B LCo/F VU025 LCs) R 98 THot, Ls L HOE( (5
BEE: ZIXEOEINEUCEEZAEL) K6 X HEERED e,

Abstract
Mortality rates of various animals exposed to ozone or NO; for 16 hours were compared,

. EXAEWRE BSEEHEE T30 FRBEEISOEET L 11652
The National Institete for Envirenmental Studies, Basic Medical Sciences Division, Y atabe-machi, Tsukuba,
Ibaraki 305, Japan.

2. HA¥D 55, 56 FEEN AEWRAARWRA
(RRBEESERRE 7100 FRESEATBITE I #8)
Jikei University, School of Medicine, 3-25-8, Nishishinbashi, Minatoku, Tokyo 105, Japan.
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and pulmonary changes caused by 12 hour exposure to 2.6 ppm ozone were examined. 9
strains of mice, 4 strains of rats, Golden hamsters and Hartley guinea pigs were used in this
experiment.

The LCs, values of mice showed the marked differences among strains, reaching up to the
factors 4.8 and 2.1 after to ozone ant NQ,, respectively. All strains of rats examined were
moderately susceptible to both air pollutants. Geolden hamsters, compared with the other
species examind, were highly susceptible to NO,, whereas their susceptibility to ozone was
moderate, Hartley guinea pigs showed low sensitivity to both ozone and NO,,

There was a correlation in the LC,, values between of ozone and of NO, (correlation
coeflicient : 0.52, p<0.01) in 30 groups of animals (15 strains of both sexes). The mean
of all LCq, ratios (LCy, 1o NO, exposure/LCs, to 0zone exposure) was 9.8. After exposure
to ozone, pulmonary changes were well correlated to the LC;, values.

Loz

EERE L L LB E AL ERN RS RIS EER DT T2 L TARTH S, & 23,
EREERE ML TERBMOM 2 723 RHIC L A BREMOEESTFEEN, £ FAOARIOKR
ExfELENTYVWE, RBENRGERYWETH S 4/ L N BT EROMERED, ¢
TV DH0RE G H L2880, Hine 5% i3 5 BOEREYO NO, KN T 2BREH0EH
SHICL N, BHEECEL TOERIER L, Goldstein 5 133V iz lT 230 ADRKEI XS
BEEOELBE S Lz, S, KABRICETL4 VY L NO,OEERCES, MEIHT S
SEERBYOBRRMOMEEF LB T2 2L L T TR NO, T 2EZFEOZ DL
Tk, AR CRELLOT, I T4V VEERDLKR, BEERLE L SOBRET S,

ERUEE FE
1. =BREW:RESE
HEHS 0 NO,AYRBEER A0 MEbN T RS L THOFEF 2R 1~3 TR L

CEUL NOSBEB BRI, AV YRBIE, NOERF» v N—%HAL, 7V >EE

B (ZFEAVFAF—0848) THRELLAVvE, &V UOEEAEE (£55— 35 58 Model
8410) CE=#—L, PIDSHBER T4+ —F v Zayiro—-ilLi,

2. LGy (50%BIERAE)

TR EoECH LT, LEAFETLEVEBE,S 100%ETBE  TOREREOBEE (4
VU BRETIHAL 14 NOERBTIRAL 12 OFHER B, 1I6BHo NOBR2TE 1. 8
BRTHEHAOFTIEK L8, BROABECEL, ERERLEEL, 1 BMORCR 2k
tre LCou®EEiL Behrens DFHEIC L o727,

3. MEER MEXERUCREZEEFNHER
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BB 6 COFMICH L 26 ppm DA V> % 12 BIEEE L BBER AL 7Y — LR TIEA
ik 6 HMFT S €, MBEELHES, FEARFRETAOLM 2R E, 95°CT5 DRHEEL,
REB RO, AR WEE AL <Yy CEES R, FHRiCi- CREEBER 2 ERL
7‘-‘:(:

g =R

#£1i, VY ENOLEFRZREHT 5L OBYO LCyp 2T L1,

A/ RB TV ADRRENEL L, BEELRHEOECH v 20 LCsy0#t 2.3 ppm i L
T, BEHORLEVME CyBL w7 2@ LCy,i 111 ppm ThH 2 t, MEOMIZIE 48 S50 = 2
bote v DETORBREFT AT NLARAF—IFPBREORBESTR LI, N— L —%F
VEy MIBEREETH -7,

NOBRE . TN T N LAY —BHERCEBRIEHLTRL, MO LCwid 22 ppm, BN L ;13 28
ppm TH 272, R TATRA VY EBLERCHS picREELN A S, O CF,v Y 2@ LG,
5 33 ppm X LIED Co;BL ¥ 7 AD £ 14367 ppm TH o2, 4 RO T v bidwFh s FEE
OREMETRLI. N"— PV =Ty AV VBB R NOUIHL TLEREETH- 7,
FS BB NORBOLE | 2 TOBY (15 REOHE) 04 V' & NO,RBIIHT 5 LCuiTid
R RS &l (FREMREK 0.52, p<0.01)s LCo,DETOFHME (NOz k5 LCs/4 YV iz 3
LCs) 298 TH oz, CGH w7 A TRASNM, 4V el T, BEZETH 720, NOK
ﬁbf@@@%ﬁ%%btoj—»?ynAK&—mﬁmfﬁ,waﬁLT%Eﬁﬁ,ifym
oL THEEORRERTL, HOEATH 2%,

EOWTLREISE, GH2 VAL T —AF AR Y—TR, V> NOKHLERT 2 B
DB S HICED 1T, :
FVoBRBRILAMEERHEKBOENL F 3T, 26 ppm &V 12 BRIERE OB B It
BER:MEAEETRL,

BINZR LI & 9, M SRR 4 & e ORHO < v AN ORI
093), LG EMERBEDHER L& T 2L, M2 RU L2, EEOHBEGREIIL TV
(9 iD= 7 AMEHEIC B 1 2 AHBFREU 0.62, p<0.01),

VI RBEINLENOM I, MiEAAE, MESElogErEte L THEROSE
FZRMEOBRBESEHIZA SN, BREREY (E LCE) Tk, cha0EbsHe i,
EBRZMHEY (8 LC,MH) TRB» -

£ = ,
FEATh R NO ot 5 SEEREM OB URER T, 4/ VKT 2 MO RER %

FLOHOMNERETHS, FIT, £V NO, EDHEICEAN R, LOEE L & { [
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# | EEBPOAY > NO,ZNFN 16 EHREREIIS TS LG, M
Table 1 LG, of various animals exposed to ozone or NO, for 16 hours
Qzone NO,
Mice
C57BL female 11.1* (76)** h7* (40)*+
male 8.8 (56) 64 (40)
BDFi female 9.1 (76) 60 {(24)
male 7.0 (8%} 56 (24)
CDFI1 female 6.4 (77 59 (40)
male 5.8 (77 56 (40)
BALB/C female 58 {46) 52 (40}
. male 58 (46) 49 (40)
DBA female 3.7 (36) 45 (48)
male 4.3 (45) 52 (48)
ddy female 35 (86) 51 (32)
male 3.5 (107) 48 (40)
ICR female 35 97 40 (32)
male 35 (87) 38 (40)
CF§l female 29 (43) 13 (62)
male 2.7 (43) 36 (40)
C3H feamale 2.4 (60) 50 (40)
male 2.3 (70) 57 (40)
Rats
Wistar fernale 43 (39) 45 (48)
male 4.1 (39) 49 (48)
Fischer female 42 (30$) 48 (40)
male 33 (30) 56 (40)
sSD female 34 (30} 47 (48)
male 31 (30) 50 (48)
Donryu female 32 (59) 39 (60)
male 31 (7% 47 (60)
Hamster
Golden female 4.9 (51) 22 (8%)
male 55 (48) 28 (72)
Guinea piq
Hartley female 10.3 (40) 50 (56}
male 8.5 (50) 62 (56)

*  50% lethal concentration according to Behrens method, ppm.
*¢« Number of animals used for the calculation of LCy,.
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7 —DFTE

Table 2 MORTALITY OF C3H MICE AND GOLDEN HAMSTERS EXPOSED
TO NO, OR OZONE FOR 16 HOURS

29 ppm NO, 3.6 ppm ozone
Male C3H mice 0/10* 10/10
Female Golden hamsters 7/10 0/10

This experiment was done two-continuous days using the same group of animals.
* NO. dead/NO. tested

W, BREE-BEEFERL, SEFACHIRREER G, BELREET CEEAT s, —8
KRS h Ty 28YBAV o hl, EROBEIERE, SHHORBCI3EEBEHZ VI
FEFEEROOENL, SEOHERTIR, AV E NO LD IFRERBCER L 22 ET
RE s AV LRERATIRE LA Y OB RERER 2B o RERTRIBECHIT
L.

S g W

FEOA YV & NODEENE» SRO[ASHS P& o1,

TUARBIARHMERHECLOCHEETH S,

Fv rOFFEHC BRI EREFROZRASHT, WThLPEEOREMTH S,
TN F YN LAF I NQH L TEREYE, AV L THEEORZETH S,
N—FL—FLEY FEHEFCERTETH S,

LCs & ffizkME (g Ak®) wid X {MHE»H 65,

AV ek NOIH T 2 BEMOEZMRETT 5, 280, AL T, GHe AL T—i
TUNARAL—TRERT 2EEI BRI,

AV RUNOEBZIZ28UREBLMABC XD :ZE2 50 %, Gregory? IAREDE

BFROFGEEREL TV, 20ORMUE LT, RUEAENER RHEK L 28ZHOME) L#
BREMNZER (FEC L 2BREOHR) 25T T3, BEGOBSIRETHELZ S, R
EMABNERETHS 5, BADERTE, £V NO,OWTFHhIZS, T7ATELORFEE

A1

W ohist, BYEEBRHICEHEE A M ol B, KESFIIAEE OBER

HONLHPoTz, BYEROHOMEENEESHESN TV LW !, BEMCERE 2RE 2R
LTorukb Lk, &L3, fORF, 412 g0 Eiat?, sz Eiire
CEODFHER2RDLRELE LIV,

Hx iz T OEBT6ETEMD A% Lz, Cabral-Anderson? FUf Evans &% #8502 L

REOE, BRI o TEENCESALNE Z AN TV, REREMCEY 2BELEL
R &hinidz s,

CGHe AL =T UnAAY -4V E NOCHL THRT 32BN ER LAV E
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Table 3 Lung wet weight and lung water content of various animals exposed to
2.6 ppm ezone for 12 hours

Wet weight Water content
Mice
C57BL female 0.90* £0.06 81.9**+0.81
male 0.8¢ +0.04 8l.6 +0.44
BDF1 female 0.84 +£0.04 822 =+0.57
male 0.88 +0.10 828 088
CDF1 female 1.08 +0.16 837 X135
male 0.88 +0.11 82,1 109
BALR/C female 0.95 +0.06 836 +0.82
male 1.11 +0.15 844 +1.06
DBA female 1.12 +0.16 843 +1.84
mele 1.08 +0.12 819 +2.09
ddy female i.16 +0.29 831 +1.45
male 142 +£0.35 852 +1.75
ICR female 1.03 +0.20 832 +1.92
male 1.19 +0.22 846 +1.62
CFt#1 female 1.17 +0.24 838 226
male 092 +0.18 82.1 +2.10
C3H female 1.61 =0.08 889 =051
male .44 £0.07 87.7 056
Rats
Wistar female 0.81 +0.05 824 +0.68
male 0.81 +0.08 8§18 +0.77
Fischer female 0.74 +0.04 8§1.2 +0359
male 0.80 £0.05 8l.6 +0.39
SD female 0.78 +£0.09 8§19 +1.19
male 0.84 +0.16 825 +I1.07
Donryu female 1.02 +0.24 80.7 +1.25
male 094 +0.18 81.7 +£0.77
Hamsters
Golden female 1.02 +£0.15 840 +1.20
male 095 +0.16 828 +1.30
Guinea pigs
Hartley female 093 +0.04 . 825 +0.24
male 0.90 +0.07 831 =+0.59

* % of body weight
“* % of lung wet weight
All values are mean + SD, with n=6.
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Fig 1 Correlation between lung water content and lung wet weight of mice (9
strains and both sexes)exposed to 2.6 ppm ozone for 12 hours.
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Fig 2 Correlation between LC50 and lung water content of mice (% strains and
both sexes)exes)exposed to ozone.
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F/ L ARRENS v PR CLERO
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Effect of Acute Exposure to Ozone on Sulfhydryls in
Lung and Blood of Rats

A

Meiji KAWATA!

L2 =1

08 2, 4ppm O, 2 # L Eh, 7THM, 12,6 M7 v FCBBEL, MoEET 28T
WE I (GSHY, BLRZ L ¥ 74> (GSSG), Fe¥ /¢ 74 SH (NPSH), # /¢
7P SH (PSH) BAHIEL 72, MOBHERE, 08 ppm 0,5, 7 BHBEEEK G 2ppm &
dppm DT A TORBIEC BV THE N 72, o GSH & NPSH i, 0.8 ppm BREF
THREWE I BRI v EEE T ULy, ThURAECHENLTIAEC)
BEEIEL, THEI TBWEICER N, 2ppm B 4 ppm 8Tk, GSH, NPSH
EHARBEREE LLICELIEP L, GSHE X NPSH B iz, wWFhogs
BT VEERESRON S o7, O PSHEM 08 ppm BT AL R 1L
VS, 2ppm B U 4 ppm BTERCHE AL L, MEF O GSH #E: NPSH BixFRTo£
BETEELELMR SNy o7, GSSG fitiz, 08,2, 4ppm OBHT, HTREEK
MLzt METRESCREAETRL L. '

Abstract

The leveis of reduced glutathione (GSH), oxidized glutathione (GSSG), nonprotein
sulfhydryl (NPSH), and protein sulfhydryl (PSH)were examined in the lung and bleod after
short-term exposure of rats 10 O,. Rats were exposed 10 O, at the concentrations of 0.8 ppm,
2 ppm, and 4 ppm for 7 days, 12 &, and 6 h, respectively. The wet weight of lungs increased
in the groups exposed to 0.8 ppm O, at the 5th and 7th day, and in the groups exposed to
2 ppm and 4 ppm Q. In the case of 0.8 ppm O, exposure, the levels of GSH and NPSH in
lungs decreased slightly after 1day, increased the highest level at the 3rd day, and the elevated
levels were maintained thereafter. Exposure to 2 ppm and 4 ppm O, resulted in a significant

1. EIEAEWREA BEAEEE F2305 REBFAEISHIRENET) 16 F 2
The Narional Institute for Environmental Swudies, Basic Medica!l Sciences Division, Yatabe-machi, Tsukuba,
Ibaraki 205, Japan.
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decrease in GSH, NPSH, and PSH levles in lungs depending on the concentrations of O, and
on the exposure period. There was no significant difference in levels between of GSH and
of NPSH in the lungs of both control and exposed rats. Exposure to 0.8-4 ppm O, resulted
in a significant but small increase in the G85G level of lungs. Exposure to Oy did not cause
significant changes in GSH and NPSH levels of whole blood, while the GSSG levle
decreased slightly.

ELwic
AIJEREMEDO—2TH 24V (0) REFCH L TRENBE2ET -t afioh T i,
O, BORBRENEETL, < oEEMEMS ERIGT 20, FTLIEE oKt AMIEEER
DEEDSE L O THOA T A%, £ SHESYRBCBILEH L TFREXYETH
0, BECHBEL AR L > TEELBRABLLONEL I Lhes), 0,88 L4 AN SH
LEH E DB DV TR LR Z W, Lal, BB UMCFEET 51845+ SH
EEPOREMETHEBTH VT F4 > (GSH) 5 /32 SH 0354 T 5 B fresd 2
SHEDBMIL LS LERL TOAME 5h 2 botrb s T, BbkoERic>wTomMRR
DRLTHEEPR SO, FLERNERED O.BE T, MBS FSHILSHLHEMT 3
B GSH YA DES T SHEAMLENT 2 eE 200 2G4 50, 0,BE» GSH UL
SO SHALEW®, ThZBET 3Ly s > BBEsRIETHAE LT HLMICERT
Wiz, M D GSH XiddEs > 2875 SH (k&% (NPSH) Rzt O, 0Bz DT, 0.
5S~08ppm DERERETL INSOERET T2 L 2RO 8Es9 2, Zhexl 05
ppm'”, BRED 8ppm EBY THEELRTLLRD oL »>2HL B D, » PSSR
Boh T,

CDER OFEVNEFASHILADECRETHRECET 2L S2He T2 2L %2E
MELT, 79 MO 22B L, BB & PIEFICFELET 2 GSH, BB F4 - (GSSG),
NPSH, RUBD S >3 7% SH(PSH)BOZE % O, E & RERM L oM#ic s W TREIL /2

;] sy

FEEITiZ 10~12:850 Jel: Wistar R#Z v b%Hv, 0,% 08ppm T 1, 3, 5, 7 AR, 2ppm
T4, 8 1285, 4ppm T2, 4, 6FHIRB L, Zv b2 —F AL D FREL, TAENRA & FM
LizDbE B e YIBL, M2l T-80CTRE L, ~ %) VB ROk v
87 ¥ SH (NPSH) BAFZ VU BICE DRy > 2 L, 535-YF 4R (2-2 F oREEFR)
(DTNB) 2 B3 HEDIZEOHEL, BrlMI Ly #4> (GSH) S@IAB IS 74 v
(GSSG) Mm% 0.01 M V) »EEEH (pH 7.5) THM, FRLIE, SrsFt v ¥rs—
¥, DTNRB, NADPH %/t 2 Tietze?® O A X KDz,

Wi NPSH &, #10.2g Q% 5ml 0 5% k) 2 7 THife (TCA) heRERL, REvi— &
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O 8B 0lE & VMBEPOSH{LEMI RRTHEE

2,300g T 20 &L L TE L LEE A, Beutler DA ZIGA LA DTNBHEM KL VKD
Too MO GSH & GSSG i3 TCA £ %AW T Tietze DR X Y, D SH (TSH) £ ¥ >~
+$7 ¥ SH (PSH) &, Sedlak & @HE? K-> TUTO L3 CHELL, H102g D% 5ml @
0.02MEDTAWTHRES 2 — L, pH82® b Y AEMHW, ¥ /-, DTNB 2% %%@;
¢, BOLLTENZLED42mm B 2 REEL D TSH 2%Ke, Z0fE» oo TCA
FREYHA-FEREEREVW TR NPSHEAZEZLS|IC Z itk ) PSH EERD Iz,

®= =R

FOBERCRIZT O,2B0BELF 1R LT, 08 ppm # T 1 BAHEEIICA L TS
tHE, 3 BECEMER 2 RL, Zhbiso 08 ppm 38 XU 2ppm & 4 ppm BO TR TORE
M TifoRER I EE ML 2. '

BNy FA > (GSH+GSSG) b B{ER I Vs 74 > (GSSG) BEHEL, InsDEs58
TRV FF Yy (GSH) BrRp#ERsF 2 R UL, MOGH G 08ppm BCIZ1HER
WHEE L DEGESRLEY, IAERRERECEL, TAHURIEF—FOREIC#FI T,
2ppm B U 4 ppm OFBBERBE T, Mo GSH REECHEL L, RBEE, BERHECEKEL
TRY T2 EEERLI,

O SH (TSH) & 3E5 > 374 SH (NPSH) BEOHEMESL b ¥~ % SH (PSH) &%
KT R E2FEILT L, TSHZ 08ppm BCRGHEEr OERNRB ot S, 2ppm KU 4
ppm B TH TR TOREHTERCHY U  NPSH 2, 08ppm Brlic 8w T 1 HB®A L, 3 H

# 1 22 ONBERECERZTOSBOEE

Table 1 Effect of O, exposure on wet weight of rat lungs
O, Exposure Lung wet weight (g)
Concentration Period Control -‘ Exposed
0.8ppm 1day 1.2240.11 1.15+0.08
3 1.34+0.20 1.41£0.14
5 1.27£0.06 1.38£0.05**
7 1.344+0.12 1.63+0.13**
2ppm 4hour 1.21+0.06 1.46£0.10%
8 1.69+0.22%#+
12 1.18+0.09 2.28+0.22%*+
4ppm 2hour 1.18+0.08 1.43 £0.14***
4 2.68+0.38%**
6 3.16+£0.42%

Values are mean + SD, n=6.
"t p<001, ***: p<0.001
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# 2 Sv ORI VY F A (GESH+GSSG), BEM 7 v & F 4 »(GS5G), K
UBETHE SV F 74 »(GSH)RCEIZT O, BBOEHE
Table 2 Effect of O; exposure on total glutathione (GSH+GSSG), oxidized
glutathione (GSSG), and reduced glutathione (GSH) levels in rat lungs
Exposure A B A-2BY i—BX 100 (%)
0s ‘ GSSG In_total
period GSH+GSSGY GS8G (%) GSH (%) glutathione
0.8ppm
Centrol lday 1.624+0.14 0.03610.007  (100) 1.550.13 (100} 4.4
3 1.60+0.14 0.041+0008  (100) 1.52+0.t5 (100} 5.1
5 1.65+0.18 0.029+0.003 (100} 1.59£0.18  {100) 35
7 L67£0.10 0.038+0.004 (100) 1.56+£0.07 (100) 4.6
Exposed 1 1.50+0.12 0.04810.009* (133) 1.46+0.08 " (94) 6.4
3 1.98+022¢ 0.058+0.005% %141} | 1.872022¢ {123) 5.9
5 1.96+0.15* 0.047£0.007***(162) L86 =015 (1IT) 438
7 2.05+0.21" 0.056+0.007**(147) 1.88+0.22% (121) 5.5
2ppm
Control 4hour 1.74+0.09 0.035+0.008 (100} 1.694+0.15  (100) 4.0
12 1.69£0.05 0.04010.010 (100) 1.61£0.05  (100) 4.7
Exposed 4 .24 0.10%** 0.0554+0.008** (157) L1301+ 67} 8.9
8 1.034+0.23%+* 0.05214:0.008** (149) 0.92:1£0.23***( 54) 10.1
12 0.74 X019+ 004910011 {123) 0.650.17***( 40) 13.2
4ppm
Control Zhour 1.72+0.16 0.042+£0.006  (100) 1.64£0.15  (100) 4.9
Exposed 2 LI5S E£008* Q.06210.004***(148) 1.020.08*%*( 62) 10.8
4 0.55+0.08*** 0.05410.010* ’129) 0.44£0.10**( 27) 12.6
6 0.4510.094+" 0.056 +G.007°* (133) 0.34+0.09"**( 21) 249

a): GSSG in total glutathione (GSH +GSSG) is calculated in terms of reduced glutathione (GSH).
b):  One mole of GS55G corresponds to two moles of GSH.

Total glitatione (GSH+GSSG), GSSG, and GSH levels are expressed as g moles /g lung.

Values are mean + SD, n=6.
*: p<005, **: p<0.0L, ***: p<0.001 (The value at 8h exposure to 2 ppm O, was compared to the
control value at 4h.)

HeBBEEL OB —E0E MER R L2, 2ppm R 4ppm BECREBNE b
EREEA L7z, PSH 82 0.8 ppm B T3 5 BHUBCERAER, 2 ppm 871 4 BRI BcEAE
AERLEZCHHERICEDL, dppmBFTRINTOREH THEECHI L,
OB vy F 4 v (GOSG) OMERR 2R IR LI, oAy F I hizgding

GSSG ARG AR T 2~5% & & b XHAE" VL & < —F L7z, 08,

2, 4ppra OEBHET

GSSG BRABARREIMLzcb»hrboed, TATEWHEARL TS, BERE L & ox8ind
M Benidof, o T 2ppm R dppm BETHOB A7 54 v Hic S £01.5 GSSG
SEELSEMCEEL THNT 3 ER 27T 0 GSSG 8o8iNTiin <, GSHEDE Ic L2
b EEZSRE, B2 L 30 GSSG, GSH, TSH, NPSH, PSH 812 ymoles/g lung OB T8
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OC.2BOM 5 L UIMWFOSHILEc iz T4

ENTEY, 2ppm R 4ppm HTERBEE L BEBRMc#FE L T GSH, NPSH, PSH izg4
V5, MORERIEINT 2, 2O oMEEROELLE SH 20FH - oMEESY &
LT 57:8 GSH & GSSG #OBEEES D O (wmoles/lung) THRLUEREZE 1 ZRL
2o FOEER, GSH 3finBAEERLY, $LHORBERYYDThERVWTY, GSHD
RRFMICHT2EBERNR2 cH]1 L TH-OBR L2508, GSSGIEE 1 N HoREE
BN CHRLLBARR 2 L EL 0, BRRAE - RERRMICEST U THNT 2R ERL 7,

mEPCFEET IR NF F4 >, GSSG, GSH, NPSH Bt iz T O.BBOBEEOBRELYH 4
WRL7z, GRSG R ENThOBRBEHCRAEM 2R U4, GSH,NPSH + y cEBEE L85
RefRE L oS 2 i EIER G R s g o 7,

£ 3 7y MO SH (TSH), %5 > 7% SH (NPSH),RU¥ ¢ SH
(PSHR IZ iz 3 0. 8E Dip#

Table 3 Effect of O, exposure on total sulfhydryl (TSH), nonprotein sulfhydryl
(NPSH), and protein sulfhydryl (PSH) levels in rat lungs

Exposure A B A-B
© period TSH NPSH (%) PSH (%)
0.8ppm
Control Iday 12.9+0.7 1.61+0.14  (100) 113207 (100)
3 12.1+1.2 1.51+0.18  (100) 10,6+1.0  (100)
5 12.9+0.9 1.69+0.12 (100) 11.2209 (100)
7 1.284+1.1 1.61+0.19  (100) 112+09 (100)
Exposed 1 13.4+0.8 151008 ( 94) 119+0.7  (103)
3 12.6+0.6 1.85+0.16** (123) 10.8+0.7  (102)
5 12.6£0.7 1.92+0.17* (114) 10.7x0.6  ( 99)
7 122+15 1.88+0.16* (I17) 104414 ' (93)
Zppm
Control 4hour 11.5+0.8 1.64+0.03  (100) 99+07 (100}
12 11.5+0.7 1.70+£0.10  (100) 9.7+0.7 (100}
Exposed 4 9.940.1* 1.2320.09%**( 75) B.7+09 ( 88)
8 9.0£1.7* 0.90+0.20***( 55) 7611 ( 77)
12 IR E N L 0.71£0.21***( 42) 6.4£0.9***( 66)
4ppm
Control 2hour 11.4+09 1.67+0.07  (100) 2.7+£09 (110
Exposed 2 9.440.8** L1320.08***( 68) 8.3+07* ( 86)
4 5.610.8%* 0.4940.10%**( 29) 5.1%0.7*=*( 53)
6 53105%* ‘ 0.4310.12%**( 26) 4.8+04%**( 49)

TSH, NPSH, and PSH levels are expressed as g maoles/g lung.
Values are mean + SD, n=6.

*ooop<0.05,**: p<0.01, ***: p<0.001 (The value at 8h exposure to 2 ppm O, was compared to the control
value at 4h.)
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Fig. 1 Effefts of 0.8, 2, and 4 ppm O, exposure on reduced glutathione (GSH)
and oxidized glutathione (GSSG) contents in rat lungs
A: 0.8 ppm O, exposure GSH (0 : control, ® : exposed)
GSSG (A : control, A : exposed)
B: 2 and 4 ppm Q, exposure GSH (A:2ppm O, O: 4 ppm Q)
GSSG (A : 2ppm O;, @ : 4 ppm O;)
GSH and GSSG levels are expressed as g moles/lung.
Values are mean + SD, n=6. The values at zero hour of 2 and 4 ppm O,
exposure are the control values at 4 and 2h, respectively.
*: p<0.03, **: p<001, ***: p<0.001

z B

BB F4 > (GSH) i3 SH B42EF T 2O EHMOREER, invie TRESCELE
e, BUELEEAZ2LD O ORI THERBERE VS F4 2 (GSSG ik ¥ 57, HiEit
DHEADZCEWEERT I IS F4 3HL OEERBCELEL, FORAESRETHE £ -
TEY, BERO GSSGRBIEFBI VY F4 » (GSHAGSSG) @ 1~5% 2 £ #va20243) Delycia
BTy FRBED 4ppm O,% 6REHIER L LBATY, in vito DBELRED, WO
GSSG iz L TERRBINERE SV EMEL TVd, S LRERTIZE?2, M1 0Mme
0.8, 2, 4ppm O;DBBRBHTHIO GSSCBEIFREHML I bp2bo$, TRTOEBHT
EVWHEIZE &% 72, Mustafa 59 i 0.8 ppm O, RE i 8T, SH{LAYIOR{EEDRTICMES
TERELFARNLEIS, INIFF I II ¥, PANT 4 VLI TI—¥, TAIFFF4
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* 4 Zy MMBEPEFELETEHE N F4 (GSH+GSSG), BeB /5 54
AGSSG), BB A5 #4 »(GSH), Uy 7% SH (NPSH)& I
BEd O RBOBE

Table 4 Effect of O, exposure on total glutathione (GSH+GSSG), oxidized
glutathione (GSSG), reduced glutathione (GSH), and nonprotein sulfhydryl
(NPSH) levels in blood of rats.

o Exposure A B A-2BY .

) period | GSH+GSSG® GSSG (%) GSH (%) NPSH (%)
0.8ppm
Control 1day 1.13£0.10 0.013£0.004(100) 1.10+0.11(100) 1.220,07(100)
3 1.24+0.09 0.011+0.002(100) 1.22+0.08(100} 1.26+0.09(100)
5 1.35+0.12 0.012£0.004(100) 1.32+0.12(100) 1.29+0.05(100)
7 1.30£0.06 0.014+0.005(100) 1.27£0.06(100}) 1.25+0.05(100)
Exposed 1 118011 0.008+0.002+( 62) L17=0.11(106) 1.25+0.07(102)
3 1.18+0.13 0.009+0.002( 82) 1.16:£0.14( 95) 1.20£0.07¢ 95)
5 1.36+0.07 0.0110.002( 92) 1.33+£0.07(101) 1.27+0.06( 98)
7 1.21£0.08 0.011+0.002{ 79) 1.19+0.08( 94) 1.1840.06{ 94}
2ppm
Control 4hour 1.154£0.09 0.010+0.002 (100) 1.13£0.11{100) 1.20+0.06(100)
12 1.19£0.07 0.011£0.003 (100) 1.17+0.06(100) 1.1940.05(100)
Exposed 4 1.11+£0.10 0.0094+0.002 ( 90) 1.09+0.10( 96) 1194011 99)
8 1.11+0.13 0.016+0.002 (100) 1.09£0.13( 96) 1.24+0.11(103)
12 1.28£0.08 001010002 { 91) 1.23£0.04(105) 1.22+0.06(103)
4ppm
Control 2hour 1.18 £0.11 0.012+0.003 (100} 1.1540.10(100) 1.2720.11{10¢)
1.10+0.08"¢(
Exposed 2 1.06+0.12 0.010£0.003 ( 83) 1.04+0.12( 90)
87)
1.22+0.08 0.010+0.001 ( 83) 1.20+0.08(104) 1.25+£0.05( 98)
1.30£0.13 0.009+0.002 ( 75) 1.284+0.13(111) 1.40+0.06(110)

a): GSSG in total glutathione {GSH4GSSG) is calculated in terms of reduced glutathione (GSH).
b):  One mole of GSSG corresponds to two moles of GSH.
Total glutathione (GSH+GSSG), GSS8G, GSH, and NPSH levels are expressed as i moles/ml blood. Values
are mean = SD, n=6.

T o p<0.05

VAN 4 PP F VAL ROy F—¥OEENE L LRELTED, ZhsiifiomibeEErst

THHERBTED &

GSSG HEMEWEMZ s TV 2 A5 E 2 2 5,

Mustafa 5** i3 0.8ppm O, % 7 A5 v VBB T 5 &, IS /7% SH (NPSH) &
BT v F4 2 (GSH) HRERK 3 BB RAHECEL, MERCH L T NPSH T 40%, GSH
TI0%MML, TOREEAFNADQEMNEZ—BRHRIND LREL T2, FRRTERIR
U3 T 08ppm O, 7 AWRBIZHE T, Moo NPSH & GSH 1% Mustafa 6% OfER - [
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BRCIEBERABICELEOD 2 OMITHER 2 Nzdl, wih b MEEED 14~23% OISR
HY, NPSHIEE GSH B L OMICHRAERTED S Ne Tz, O LI, 0,0 KM
EZBC L OMOEST SHAEEHIEHEINT 28, 2OKEHIGSH THL I H#RLTWS, Z
D &5 RIEEE O,RBi- & 310 GSH il >W T OBER£ERT 3701212, NO,BRERD
OEE BRI LS, BBED GSSCGEAELLEL I Ehs, SH{LEHOEBLEDOETICHE
S5Y 2RI TR, GSH OEREDHCBRD 2BRR QBRI D THRHAT L LE
BhH5,

BERRGETTRERDZRBES AN 7 4 FOERT 2 Z EnH S50 T 522, Dewcia 51
VIEBEO O.RETHO GSH 84T 210 b b 53, GSSGOEMAR Dok I Lid
GSH & PSH L OBIcBE Y ANT 4 FRERT 2L EHELTVE, Lo L ZOEHDRDIC
B2 2ToTw0as, WEVERSERIEON T R, B2 RURIIIATML, 2ppm &
Sppm BEBETEMICE IR BN F I VEBIN LS HWEOPSHAEFE T2 2 LiEF vty
MSHMEBEFZ2YANLT 4 FEAROTREM 2 REL TEYD, O,0MfiIx 3 2 B{LAESE =5 7
Lizwicik, GSH#BREVANT 4 FUNOHE~ELT BB 20T HRETILENE S,

Buckley 5™ it & Mzt LT 0.5 ppm O, 2.75 BEHIRE T, Chow 5 i34 £ » ERZETH
Fafhkz7y O 08ppm O.FBE CRMEKPD GSH BERICH T2 2 L 20 es, Jhucx
LT Chow &' i 05ppm O,7 BHM (1 B 8K 8FBL5 v PRUY AT, Goldstein 59 1
Sppm O, 4 HIRE L /-~ 7 A THRME GO GSH BEELR RV ETZI LV EREL T s, KE
ERTi#F4ITRTML, 08, 2, 4 ppm ORBEETIIWHO GSSG REAERER L7245, GSH
RUNPSH w3 EBRE MRSt ot, LidaT, O.RBRENBR T i
D, WMEIZN LT SHAGMETERM X £ 2IELOMEUBE R RFE 50 LB B
EROMLBENEV, v F OMEH O GSH §iZ 3~5 umoles/120#) £ FE L K <, MEF D GSH
ORISR MIRFCEET 5, LD O, BFEEES10 0BT, FRMEBPD NS FF R
A FvF—¥, FNa—X-6-) YT oy —YEOBREENFESATWIEH, Zhsd
OBEREE: O;0RERE, FENH: oMERERAN TR, XFERT, BEE O,2H S
VT IO GSSG M, GSH SEBR L (LT & Ao R EREWH s T B0t [
DS L [ERCY, RMRPICEEY 5 SHLEHOBRLEOR T ME T 2BROERICDWT
YRHTHILENE L LELOND,

51 B X B
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Effect of Subacute Exposure to Ozone on Antibody Response
BEFN - NE (255 B REEF

Hidekazu FUJIMAKI?, Masashi OZAWAZ, Toru IMAT?
and Masataka MURAKAMI!

2 FB

0.4 ppm &1 0.8 ppm & V> (0,) @ 4 :BESBEC & 5 BALB/Clit~ 7 A O ELEE
R TEE T DWTHRAL S,

In vive TOF SRBC kL1, 08 ppm O; 2AMBREIC L DGz, 4:HHE
EETHTIC, SNRECET 2 EES A SR, 04 ppm O BE T, HMEEELOD
MicEEAeniroT,

In vitro BT, 0.8 ppm O, 2BHBE i & 0 It SRBC PFC, i DNP PFC [E% G
NEEsNS, {BAMEETE, NBELOIREAcR 2T,

AHORERIE, O, 2 HMSEER, vV ADREEELFHCMEIT LI L 2RBLT
Vb,

Abstract

-To evaluate the systemic effect of ozone(Q;) exposure on antibody response, this
experiment was performed. BALB/c mice were continuously exposed to 0.4 ppm and 0.8
ppm O, for 4 weeks. In vivo primary antibody response to SRBC in exposed mice was
suppressed hy 0.8 ppm O, exposure for 2 weeks compared to that in control mice. However,
the antibody response in mice exposed for 4 weeks at 0.8 ppm was slightly enhanced. fn vitro
primary antibody response to SRBC and DNP-Ficoll in exposed mice was significantly
suppressed by exposure to 0.8 ppm O, for 2 weeks, but the antibody response of mice exposed
for 4 weeks remained at normal levels. Any detectable effect of 0.4 ppm O, was not found

1. ENoEWRR BE4SHE TI00 XKHRBRRESHETRNEI16%2

The National Institute for Environmental Studies, Basic Medical Sciences Division, Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.

2. BRI 56, 57 EREEUAERAFAEFRAR
(REEESERAE T FRHREEFEITEES)
Jikei University, School of Medicine, 3-25-8, Nishishinbashi, Minatoku, Tokyo 105, Japan.
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in antibody response to SRBC.

FLsic

OEBCLD, BE~ 7077 —VOBPZOERENMETL, BECHT 2 ERMMET T2
Z B TRBT 2E|ENH 2 (Coffin 59, Dowell »55, Goldstein 5%, B4 5%), Eiz, Campbell
¢ Hilsenroth® i&, 059 ppm @ O, iCREE N~ TATE, M YA FTRELHE, FFv
2RE5EN05 £, NEEICHA, BERCERESET I L A8BE L TW5,05 ppm BT 2 ppm O,
BHREIC L2 —AEESOIMF b RESI LT #EFY),

INeDlids, BBECIVRECESEEE IV L RHETE S, ERES»IR
<, FERTHTHE,

Had, g TR, NO,OERHREIC L D -RAFCEOMENASNS 2 & 2H|EL LY,
FHETE, OHEANRBC L2 —RAEEECRIETEELIA S L b, NOBBEROR
REMBHRHETA2 L EENE LT, UTFOEBRET -,

A&

EEREM L LT, 6850 CR]: BALB/c w7 A £ iz,

O BFEEMIL, 04ppm & 03 ppm DEBE TR 4BEL Lz, BEF +> 14— i3, EE183m'D
DEEG, Fry-RREE, 4~26C, BEFR, 50~60%Thot, HEBLLT, 0,582
BORBBERT, B2BHLR-SGTRELLY0RAV, RBEOHRE, FLVLOLEHEHE
WL, ki, B oL,

RAFIGEDRTICE, JUR - U TEMER(SRBC : 5% 107/mouse} = DNP-Ficoll (0.25 xg/mouse)
2HV, BEEMMELL, 45 BRCEROFEY T, BEDOBAE SEE (PFC) 0B E &,
MFEFOMIREERZME (HA) ORE & 217> THEBESREEZHE <,

In vitro RTOREN, LTOIIiTo7, BEH®R, vVARZEBHL, BEL L D72k

EEI LT, MBI AR L 1, F RS, FUR & LT SRBC(1X107/well), & 3 31, DNP-Ficoll

(0.025 pgg/well) E A0z THIFE L 72, 82380, T TIXEY L RETITo 7, 3~5 BEEIZ, & well
L6 PFCOEEEEL .

BRBOBRESTO T M- BHEEOLESF 3 2o, # Thyl FilE &, FITC—Y¥Hi7 &
TgG YU & & v MEE L, FITC -7 24~ A IgG il & Fu B8 £« & 3 50
BRETOREEIT 12,

&
Og4i@ﬁﬁﬁ%%?o WE@%HMCH, ﬁﬁﬁﬁb%ﬁﬁt @Famlﬁftﬂi}’}@ﬂﬁﬁ‘?f:o
2 ML 4 BRIRRC L 288, WROBEEBOEFH 2R 1 IRk, BEERZ, 08ppm O,
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‘ OBROREISE I RITY BIE

238, 4 BMOMBET, NEBCHAMMOENE T L, 4HNEEE, WO T, B#ik

OHEARD S £, WERCES, THAETILIY, BMET 0% O/ A ST, WRES

3, 2AMBRETRELI AL N, 4EMBE TR, MR SES S A, 0.4 ppm O
\ T, BrAYERA& SN TR,

% 1 OBROME:MRERCZIHE

Table 1 Effects of subacute exposure to O, on spleen and thymus of exposed mice

0, concentrations ) spleen weight (mg)® thymus weight (mg)
‘ (ppm) Exp. 1 ‘ Exp. 2 Exp. 1 Exp. 2
2weeks cantral 83t 99+7 43x2 4542
0.4 9943+ 105+2 44+2 4741
0.8 117444 101+3 YRR EP R Rl
dweeks control 13245 14045 54+2 , 52+4
0.4 137+5 151+35 58+1 6142
0.8 l45i3. . 172+11* 63+2* 65+4

*p<0.05, **p<0.01, Paramelers differing from control {evels by Students ¢ test, @ Each value represents the
mean * SE of five mice.

In vivo TOH SRBC PFC 5%, 0.8ppm 0,2 @SR TRITE s hizs, 1 BERE T,
BB IO BE SRS 5 hi (R2), MFPTO SRBC & DNP bt s Hithfiz, 28
M, 4 (%3) 0 OBBTEEAERA AL, |
In vitro RiZBF 5 —RRABIEE~D O, OEEL R 4R LT, 08ppm 2BMRB T,
SRBC PFC, #1 DNP PFC 5% T Mg A 5 iz ot 04ppm O BESEBTHE, BrAYE
BF&Hsghnot, 4 BBETE, HISRBC PFC, #i DNP PFCIET, NEEt: BERELD
FMEBLEdA ST,

# 2 O,2BO#i SRBC PFC & RIZTHE

Table 2 Effect of subacute exposure to O, on in vive anti-SRBC antibody respense

O, concentrations No. of PFC*
(ppm) 2weeks 4weeks
controi 3.04+0.27¢ 1.31+0.07
0.4 2.30£029 1.54£0.10
08 2.2840.18" 1.67£0.09*

¢ X 1073 per spleen,
® Each value represents the mean + SE of five mice.
* p<0.05, Parameters differing from control levels by Studenfs ¢ test.
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Table 3 Effect of subacute exposure to O; on HA responses

O, concentrations HA titer®

antj-SRBC antibody anti-DNP antibody
(ppm)
control 8.0+0.0% 9.1+0.3
0.4 8.3+0.1 9.7+0.6
0.8 84+02 9.4+0.2

® log, titer (reciprocals).
* Each value represents the mean + SE of five mice which were exposed for 4weeks.

ES 4 O.BB0 in viro —RABILBECRIZTEE

Table 4 Effects of subacute exposure to O, on in vitre primary antibody responses

Q; concentrations Iweeks 4weeks
(ppm) Day3 Day5 Day3 Day5
A, anti-SRBC PFC2 control 208 +41* 2955+98 118+ 13 790+85
0.4 233+16 2710+ 111 133+19 593147
0.8 13018 755+96%* 100+ 14 545+76
B, anti-DNP PFC control 17025 303+36 73£5 215435
0.4 150420 225+35 7546 195+ 16
08 83+11 93 £ 9% 69+ 6 2005

% PFC responses were assayed on Day 3 and Day 5 of the culture.
® Each value represents the mean + SE of four to five wells.
**p<0.01, Parameters differing from control levels by Student’s ¢ test.

z B ‘

SEADERT, 0.8ppm O:2 BMBHEI L Y —REGSTEOIHBSEE S, FRIC, WRE
LB ~~BECES LT, 0dppm OFBTH, BEAYEERAONZ ST,

ECAT, BEPEC 2AMERL, {BHERREICT L &, —XERIERILET S
hotz, MRERY, R, SBEECHENT 2@, ~RAZCEOME, &y,
MR E RO, HNHFTLTASN, IRNODEELS, —REGEEEOEED, THiE~
O ORB X ABEEKET 2 EEMEST® AN, —7H, in vitro TORRE, 2HBBET,
#iDNP PFCIEEQIMEI# R L T30 T, BMREOEELETL TV 2 e 8RME R,

FHECTEE2 N 02 AMBRB W L3 RERCOMEE, hE TEEHESI LT3 Coffin
50 HEEY QARRE O ER U Campbell & Hilsenroth® 0 BEMRBOBRE BT 540
Thd,

Osebold 59 4%, 08ppm O.EBIC X Vi RiZEnsBEOr—~7, BRLOFETHL T
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20»L kv, SEORKHRTE, EHRE T, RERO —REETESNBRICH~T LT
BEMcH ol b, BEOCEEMMEMLEZEE, FORBPEISTWHRILERLTHE
DH b L,

£I5T, IhET, BRiE, NOORELEANDEREDOTHREL TS, 20E:, &
EO ORBOBREEZHET 2L, O:2B L 2ER-MBREREOHI L —RGEGEED TLEER
%R, NO, BB TREBRETE 2 >LBRTH S, Goldstein 52 &, i~ vzr—voay
AF) AT BRI, OWBEE NORBLTRRELZ ZLAHEL T3, Qb NOEk
OB 2 L OMETIH 25, £RERIZTEEC VTR, OIS EECFEHERE
THEESHBLITHE,

HE, RQEMBEEIIRZT O,RBOFEC OWIRERTH A,
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A Linearlyzer for Measurements of Respiratory Velocity and Flow-

Yolume for Experimental Small Animals

PSR Z NI RS I S
Akira SHIMIZU,? Akira K. SUZUKI! and Hirokazu TSUBONE!

2 §F

FHERZ v POBREED S RERREEFERIESRE, SR 2 BB STl T
Wi, CORBRERISWMOERGEEVEES A RRELBOEESE (REE)
WELORFO L DICEHE S A, BIFsh, WASRTEL, JOEEOWE, —EHEK
&, RSB R VRS IORLWEEFRV T, KEEZ v F TR s, BoWE
FBORREHEEN, ChoORR» oFHEIZ, 7 v bOWREREERURBEIET
LTS AT E B EERAI AT,

Abstract

The present report describes an apparatus for measurements of inspired volume and
expired velume using integration method of respiratory velocity. This apparatus was
designed, fabricated and improved for the study of respiratory physiology of experimental
small animal and of physiological {(metabolic) changes in animal exposed to noxious gases.
A study was made on the function of this apparatus and also on the tidal volume, minute
volume and respiratory rate of anesthetized rats using this new apparatus in comparison with
results obtained by other investigators. It is concluded from these results that the present

apparatus can be satisfactorily used in study on respiratory physiology and metabolism of
rats.

s
4, Diamond and O'Donnel”, Holub and Frank'", Kosh &2 # LT Sinet &2 3, B
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PEIC B TSRO ROB[NFEESAET 2H LRE L AEREHE L L. £LTE
ho ORGEEL OBYOBRTINFNERE L (FRIITnE, L Lass, ERULETED
KHEB4Hid spirography & % >3 body pletysmography T#H % 720, THEDHFEC & - THRIRGE
HARUERRBS RS OERCHE T L ABTH- -, FRAEERCEEED &L D ER
RRER, &L EROPRBERUCRERELNL L THEMCERLFETHD, FRLL 20D
£ R OEBRE T, ERIENT CBERSS O CHBNERCHEY S 2L TE
B LELENSG, Ty bRvyADLSRNEBYTIE, WREMNWNIWED 2HROEEILS
BEACESTH 2, TOE—OMBEER, 2 SHTEHET 2 EERLT L & FE & R LA
Fehb2 L 3Bed, £L0HE, H1KRTEICHBoksoThsd, 0L, EBO
[EOTENE BRI TR BRE\ESESL T2 2 AHOZEES—KEFERE L 5%
W THL, 2HAMOEE (Ap) X AFE L OBRIEIBIHOES Poiseuille DEEHC & - T
ATHEE NS,
ap=_ vy (1)
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Fig. 1 Relationship between difference pressure (Ap) and flow velocity
A : real curve, B: Calibrated curve
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ZDFE AP FIFARO—RATHRYE 20, BHFNEL TV RHSE

Ap=qﬁ%r><?z " (2}
TapBAAFRBCHEL TZRATREING, BRL, BRSKREBETE LT, F¥ADHKE
HEBR AR LOREGEELIONS, Thbh

AP=KV + K, V2 (3)
ITKRUKBEREFREREIREN TS 5, LROMREE&EL T, BEMb L, L HHE
EHEL, WEOPNCL > THARBE KD 2 e CEKBERAE S LT,

FFHRETIER, REHOBEIZ DV THRRE L, FEBLFEALT, BETOI v biosid
Z—EHREE (V), DEESE (Vo), TPRE (RR) HEIES N, BOFEEORES L HEs h,
REFFEETE, MEAZEL 7 YAV 22—V - OHAHOIEREFHIEL TEH & EARIRF
CRET BITRACITRN L 2MERLERE UT V=74 ¥R &, ANBERA >0
ABEEBLTEDNVARZ AT/ b THRBBEEESHE T, EROBFFEE—HTLLH
BiclLi,

HErhx

1. Z@ose

H2i, ABBO7 9y 754777 0%FTT, EENI A Y a—%—(+ 24, DD-102 5-0.
I1F) 25D ES5R, V=774 ¥—-8IcAD, ERLV ST 74 ¥ FIBRic ik 288040
Bahd, RKOEHERKE, V/F2r9—8 (AHNBECHAIL:BEED VA 2REsE 3
BENBERERR) OATFEREEETH L0, Vo7 31 F—HAOEBEDEES,

ouT ouT ‘ gate
/' *
IN PUT N converter Pulse counter
o L o—

from A E =
pressure |aBs|
transducer Linearlizer Apsolute valug
circuit

yoltage to' !
frequency |
converter )
H
|

Time Basé

2 BREFEEOTQ VAT ST A
Fig. 2 A scheme of system block diagram
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2. Fu bl sEEA
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SVES —ey F a4 (30mg/kg BW.) Bk, SEFBHS Y, HENERODOVLEE S
= o L BRI R S ¢ BRSO MR O S Ly BROBBICERY /A ELTHRAL, £
BOEBCAE ¢, —EREE (Vi), SHARE (Vo), MR (RR) 2EEL7Z,

#® =R

H3W, 2EFBCSAEEANLEBEOEROEMBETT. B3R, AN (Log®) it
T2Y=2T 34 F-OWS (FORE) 2HELELOTEY, H20BE2 AHOKERTES,
IO ZT AV =i, ANEER2V UHOBZIANEZOEEHAIL, ANBEN+2LV %
WL LETHEL, ANBESN 2V 2825t ETHET 2R AL BN 2RBLTH 2. T
Libb, ANBEOEA?2V OB R O>AHIEICR- TV 3,

3Bz, V=754 F—oo0WR (LOE) 2EMERREL 2RO NER (TOR
P EHELEZLOTHY, M2 ARUBSOERC S22, 2 TRANEROABY
DE SO ARESNTHEAIN TV,

R3(C)3 V/F avn—F —DAENERERT (@20 BRUCAREYT 2), ANEE(L
DEF) BEOEEEASVA (TOER) OHEERE LG5> Twb,

K43, FEOANERCHT 2B BREEEERT. KEITARE, ey vy —
DL EHHETTET, ZOF TR BEOEESELEL T 201, NEERshTH»2 0P
Fry7OAN——bOHEELEZ SRS, EROFREFIABETELZVWOT, ZOREK
BREELHE VB 2RV, SREAEBIERAELIOR, B H~TH2 BB TH2D7T
AEEEE s L TR+ TH 2,

Wiz, BT S v b B 5 FRGERAE THE L —ERgE (V), SEasE (V) &
IR AE 1 CREL, £ CRBOFEEORRLEETH 2, 1085 L 20 BSOKE
3, HOTFREOFRHME N EL, Vit KELEALRELE, WESOSy b0 Vild
Palecek DER E D b FHI/NS oz, 20BSDF v b @ %Zhi Crosfill and Widdicombe 0
G IR L T\, FEBRBICS 5 Vek Vel BAESHRT, WEOAS A—5 —id
S b OERICREL T,
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Fig. 4 Frequency responses to sine wave, triangular wave and rectangular wave
* : Rectangular wave
® : Sine wave
C 1 Triangular wave

X1 FERCHMOWRFIC L HKE, —EEKQE, SRHEAE N UK
Table 1  Body weight, tidal volume, minute volume and frequency of the present study
and those of other authors.

Authors No. of  Body weight Tidal Minute frequency
Subjects (g) Volume (ml) Yolume (ml} (breath/min)

Crosfill and Widdicombe [5] 4 250 {190-32000 1.55 (1.03-2,13)® 160 (90-270)2 97 (84-126)°
Diamond and O'Donnell [7] 32 233+32 1.4+0.25 - 115421
Drorbaugh [8] 9 203 1.3 104 80
Guyten A. C. (9] 35 113 (63-152) 0.87 (0.65-1.25) 73 (50-101)" 86 (86-114)°
Pajecek and Rochova L) o1 2065 0.9620.14 868 86.6:46.2
Paletek [20] 10 22043+ 1.30£0.6* 132419+ 0411
Present data (Suzuki et al)

10 weeks 9 3294£23 1.83+0.21 123+8 67.2+6.3

20 weeks g 506+ 24 LIT+0.06 157412 10,0482

Data are expressed as Mean+8D, *M*SE; [No.] coincides with reference number, a is mean (min.-max.).

£ %

Amudur and Mead®, KU Mead® 3 —2DEHNALEHE L L. TOMETH, body
-pletysmograph i£ L MENE S 7 — F A B3R 2 f1, intact ZERERENEy F OO A 4 =
XLEMRT 2DIHEL Tl 208, HOPFEEH, LTy PTH, Ty b7,
Ty B TINS5y p TS, R TISS GLTH, DETIY, 2 L THER DRI
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(A):

Ak B, K B, R W

(2) (b)
Linearlizer block (B): Absolute value circuit
Upper wave : Input 2 (V/div) Upper wave : Input 2 [(V/div])
Lower wave: Outpmt 2 [V/div] Lower wave: Output - 2 (V/div]
Sweep time : 2 [msec/div] Sweep time: 2 [msec/div)

Input frequency : 125 (Hz)

(€

(C): Voltage to frequency converter
Upper wave : Input 2 [V/div)
Lower wave: Output 2 (V/div]
Sweep time : I [msec/div]

3 ZABEATNCHNT RO
W) =77 48, LOERANER  TOER: HhER
(B XEEEEER, EOER . ANKE  TORE: dNER
O:V/Far~—y—&, EOER: ANER TOER . KHER

Fig. 3 Responses to triangular wave form
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BB BEWTRET ULRBETER b0 TR o7, TNLOBLROEROHTTHHI,
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TREWTEFOEBMEEHRETL 7225 2AMERNA T AZBRC CER VI ESKBALLEDT, 2
AHOEERHRTHI L) L 2fRKERLI IS L EL, FEBLEMLLOTH S,
ARBRERHITT & 51, FEER, RRERH, BEOoTRESIHEL CfThh, HEROEZET
EIEBLEZLTVD,

LinLidie, ZREOV =774 48k, BROEE 7 VAV a—3—-0BHRicHEES ¢
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Effects of Long-Term Exposure to Nitrogen Dioxide on Rats

——Results of Environmental Contrel in the 2 nd Experiment
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Abstract

This report was described on the basic data of regulation and monitoring of nitrogen
dioxide (NO,) concentration, temperature and humidity in chambers at the second
experiment to examine the effects of long-term exposure to nitrogen dioxide on rats.

The concentration of NO, were 0.0357+£0.007, 0.122+0.015 and 0.396+0.031 ppm
throughout the whole exposure period of 18 months against the setting concentration at 0.

04,0.12 and 0.4 ppm respectively. These results were sufficient as compared with each setting
levels.
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Gases control unit
Gases ging unit

NOz onalyzer
F--- -1ﬂ

o ol [0l

storage

LTI

Inlet of ouldolor air L_._..|
| 7R
I
o e
Z il
]
Afr condltioning unit Chamber

B 1 Fry—%FE7 oy rsE

Fig. 1 Block diagram of chamber system
F, : disposal filter
F, : catalyst-bearing filter (MnOx)
F, : active carbon filter
F, : absolute filter
F, : Matsuclean filter (K,CO, +Ca(OH),)
MC .mixing chamber
MFC : mass flow controiler
C/C: cooling coil
D/C: dehumidifying coil
R/H : heater
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fTofce #OBERLLHERE, YIL IRy AHADT =Y —F F 1% Model-8440 %
NOx S5t TH 5,

SFEtORIEIL 50 ppm, 500 ppm, 2500 ppm @ NOJEREY A & ¥ a4 A THER LR 8 A
LTiFot, REBON AIME L TEBOD NO,/NAR A AR ¥ o F A (Air) 26HL7.
B IS ETHRSDS-201 B A v —F 72 /0 —HBSGCU-14 BBFREE
ALz, 2BRERFAFELRE, MEVEERELESE, RESHEHREARTHANER
59, HMEMCMEL 2 L3 AREBEOERITESH NG L o7,

BB Y AL, 250 ppm KU 1000 ppm O NO,/N, # X 2 BEBITTHL, B2 ~ENH S F v 2 /v—
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Table 1 Environmental Condition set in chambers

Chamber Concentration Temperature Humidity Concentration of
of NO; (ppm) Q) (%) supplied gases (ppm)

ASC Fresh air 2542 . 55+10

ASG-1 0.04 2542 5510 250 NO,/N

ASG-2 0.12 2542 55+10 250 NO,/N,

ASG-3 0.4 2542 5510 1000 NO,/N,

BAEORERGRFERB LR —TH 24, NOEBEL DWW IRHEORBRERLLTA T,
0.04, 0,12, 04ppm @D 3 WE L HEHOABEITJEL T3,
X, &F v w3 —DOEKERX 50 BE/hicHmE L7

= =R

EKF v o A—HAOBERFEEOSHER2HE 2 0@~icm L, IhsDRERIERO2E
MOHERE % G & | BEEETHRARY, 2RBYH 18 »ER) L) OHBSREE L
TEeBREDOTHS,
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BEF v A—DRERVBECHERERAOFHEERBELR2CE LD, BEC&Fr >
=D NOBEOHERESH I CRL, FOVHELEREESR 2R L7, 0.04 ppm, 0.
12ppm U 04 ppm NO, SRESF + > I—HNOFHE L ERIFEE R £ % h 0.0357+0.007 ppm,
0.122+0.015 ppm K1 0.3960.031 ppm TH o7z,
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3 NOBEHEGE .
Fig. 3 Control of NO, concentration in gas exposure chambers
# 2 F oy —HEER
Table 2 Results of environmental condition in chambers
Chamber Concentration (ppb) Temperature (°C) Relative humidity (%)
M + SD M + 8D M 4+ SD
ASC 247 + 05 544 + 49
ASG-1 357 = 7.0 249 4+ 0.5 543 4+ 9.8
ASG-2 122 + 15 250 &+ 0.5 - 56.0 + 4.6
ASG-3 396 + 31 248 + 0.4 . 570 % 6.2

IHROOEEREIZERGCHL TRIBETEIHATH >

— 176 —




BHSBEF + v 0BRSS

FEBRCBTarru—LFrn— (ASC) NO NO,BE*£ERIM 2 BUTHET S C
iR o, 0K, FHENKGA THUEMRMIZENEBL Tw 3 AGRET =4 )
YIF—FIDEREITRVWEE L L, Zhed b e EERPO -EMDOHNE NO,BE OFHE
B 12ppb X2 D, ZTOEESEX, 95%8 25 ppb LIANIZ, 99943 36 ppb AT & & - 72,
Z@:tb%,$¥ﬁ¢®%ﬁ%ﬁ01,:V}ﬂ—w%#yk—WQNQﬁﬁﬁmmm%ﬁit
El&i, 1B UTThofceEL o, BT, Y B0 TARK NOH LA T 2 80—l E %
OMDEEIC>WT, EEOIY - F v o3 —HO NO,BEORBEENT 2010, £X
1 ABTFDRAEL SR ER 4 R LT,

100

100 -
=
1]
(5]
g
= 1981.6.1
2 5 Summer
v} 7.7
[=]
S

" 11,12

» 50 T i Mipter
5 38,2 12.1
= .
o
4
w 25.0 3.3
@
>
-
% 6.7 6.9
4

0 I 1

~ 8 16 24 32 40 48 56 ~ .

NO, Concentration (ppb)

B 4 a2rbo—-idFer—HO NO,EE
Fig. 4 Concentration of NO, in ASC chamber

EBREMFOEF v 3 — DT R 40~60 Bl/h TH ol EWEFHOEFIRE T 5 £ 1.1~
Tem/s TH o1z, RBBREOREX, RBHEMORE - FWHROT » =7 F ADEE -NO,
HABEDG  BEERUAABEI Y -V Y A7 AOHEZORTERHRB Y AOFHES
EBEUTHRE LT,

£ % .
SEfrbhi:—HEOEE RED 27 »ARBERLEL) TOF v /- Y AT LEE EORR

DELE, NS F - ORFCEREREN S SPFRETCHBAINTEY, D24 F v

— 177 —




ke wx HES

N e R T 152 E5EA 2 BHMoBREESLE L 2N sEN6E LTS, Thb
b, RIENESCEE LTI EL 0 v AT AMRBRO®KERRT s hy, TheBEET 2158, K
BRI ERCHGNRITEL52 50T, EREEREHRL VLS CTARRERSLETH 2,
%@L,ﬂ%ﬁ%ﬁ%i&%gm:ﬁ@E%H@E%ﬁUTD&%?7N-t®¥§&ﬁ®m@
CHEREC 3 EREY G, BCRERMENERENE, Tho0BE» s, SRAKRRZE
HEEMBE ST BEE, v A7 ABEBEO FHECFHES 2 ToAET 2 M, EfEs
HnRoBE2ER L EEOBECEEFHORMNEELRETH L LE L SN,
B3D&EF 2+ =0 NOBESHHER  BWT, BRESEOF v o - Y BE#E» 5§
N EEESE CBES S, PTH 0.04 ppm BED ASG-1 T # OHEEHE,
ZOERELTE, BRASAHOBRLY > Y THZ200565pm vy POERR L L S/NOET
E, BEEESNAGNOD Ny 7 773 2 FIGET L R, #ORABRERI X 2 5HEB~DHE
BEI NG, BEAHcEWT, BRI TRBLIVB/ER LY AT AN AR NOD
CRESERU (4, [5), NOMMERL YRR E « HHEO NOMIOMIBE ST 5 Fic &
b NOBEOHBHEHSTAgEZIGENb -T2, SHRIOELEEEE NO.EHEREROBE
HIEEREE A FICM L3 ¥ 21213, NOSHRETDELY > ¥ T0 S/N OHE T4 F 31 v 7 v Il
K (BEEOM EEMFS BEROMER Ly, BESLY 274 (K]15H) OBRNSLIETH

100 ~ 98.2
=
g
v 1981.6.1
< | I 5 Summer
Q- 7.7
LS
X
by 11.12
o . 4 Winter
b 51.2 te.n
- 50 b -
L
=
W
2
v 29.7
~
Y
w
.}
- 14.1
=
L WI gy
= . 0.3

. 0 $ T

~ 8 16 24 32 40~

NO Concentratien (ppb)

5 ASG-1# v+ —NDNOBE
. _Fig. 5 Concentration of NO in ASG-1 chamber

— 178 —




ERBBATF v v/ — 0BRSS
LEELLNT,
N, B hO0—nF v A= 0nTiE, 2EERMc b2 BERS (SHEHE NO,) D'y —
BLBETH S LE, ZOEMBECRET LM L0 id, ASG-1 L ERRIZHMMTET L BRET
VAT AOERPLETHE EEZ SN,

Mt &
FMELELDIEHLD, RERET =5 ) v 77— OEHIC O TRFHHEIMR M EE
E OBORER, B oL TERBARTRBEHEAEEER BEABRY FCRE @K
BRI IC B HBEED 2 BB S 210V 7o BRARE 7 v > — OB THRER O EEICFICH
U, AR TR SH - WS A TGS - e TEERSH O RAL, B 7 — 5 OLBIER
ML T, B2 Vv 7 HASHOBMUOEW N 2RV, 2L THEERTHRETH S,

5l A X &

1) A EeFEEFE- A EoRNEE-BE 5L (1979 - CEMEEERESRCI vy e RIITEE—2
BF vt —OBREHE, EXOEMEHE, F155, 149-158,

) B A - BT LR - FRE=S (1982) - ZEIERERBRBROT v PR TRE
BOMKBMOFESE, B EREmgs, £405, 181-103.

3) BOXK « T - HAET : XEBET =5 ) 77 -5 (REREH),

H2AEE R

—179—



EZASWRIFFERE 2405 (R-40-83)
Res. Rep. Natl. Inst. Environ, Stud., Jpn., No.40, 1983

II-2 e
CRILERRURBOT v Pt RETRE
—% 2 A HRBROHUEDY 0T RE—

Effects of Long-Term Exposure to Nitrogen Dioxide on Rats

—Experimental Animals Supplied to the 2nd Experiment—
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Abstract

To crarify the biological effects of air pollutants, nitrogen dioxide (NQ,) was exposed to
male Wistar rats at the concentration of 0.04, 0.12 and 0.4 ppm for maximum 18 months.

555 rats out of 576 were supplied 1o planned experiments and residual 21 rats died of
spontancous tumor and other reasons but not of the effect of NO,. And there was no
difference in the body weight between NO, exposed and control groups throughout these
experiments.

It was suggested that exposure to NO, at low concentration (0.04, 0.12, 0.4 ppm) did not
affect the life span of rats and their body weights.

§

1. EuLEUERr NS 7305 SRRSO 16% 2
The National Institute for Environmental Studies. Engineering Division. Yatabe-machi, Tsukuba, Ibaraki
305, Japan.
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* 1 #HERUIE
Table 1 Materials and Methods

Exp. No. Animals Date of Date of Arrival Date of Housing Period of
Group (Sex) Birth at NIES (Age) in Chamber (Age) NO, Exposure
6 mos
'80. 3.31
A 288 (3 ) _ 42 80, 520 (7 wk) '80. 5.27 (8 wk) 9 mos
' 18 mos
'80.10. 2
B 9% (1) 10, 4 '80.11.18 (7 wk) '80.11.29 (8 wk) 3 mos
-1 ]
'80. 3.31
C 96 (3" -4 2 B0 5.20  (7wk) 81, 3.10 (49 wk) 3 mos
'80. 3.31
D 96 ( 3 _ a2 80. 520 (7 wk) 81, 529 (60 wk) 6 mos
'B0. 3.31 Rearing in the Barrier
Cont 100 * '80. 5.20 7 wk
on &) - 4.2 80. 5 (7 wk) (’80. 527 - 'SLI211)

* Same Lot of J¢l: Wistar Rats.

WERUEBE
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2. RBREHAHARE

FARBHMRUCEMOHARBBEORNC X -T, (VAR 2)BE, QICHERVDICRIAL
tro 2B, ACCCDERELCT Y OB THS, B, SHONAZBERE, (DA, 6
9-18 22 B (REFMREF 889, 2B, 3»H (RERKE AR, BCHE,; I»A (2ERHK

— 182 —




RERBEEBOHREEROETEAE

494, WD, 6 E (ZREFK60ES) Thok (1288,

3. NO,BRERIHER
IhETICHHENTR S AL BBEROKED » o BERCHKL T, (1)NO,® 0.04 ppm
EBH(ASG-185), CINO,D 0.12ppm BHEE(ASG-28), IINO, @ 0.4 ppm BEEE(ASG-3 BE)
BUE)NOZFEML 2 WHHERE(ASCE) O 4 BB - L, o B, ZEBFERALL VY AEEF v
oS — DEEE R DL TR THROED TH 2,

4 RBEEFEEHE

Ty FOIEr —YIRAT v A BBSER (365W K280D X 220Hmm) T 17— %0 IRER
B 8BS P S 49 BS T TIR6IE, sl 4mSEAE L, SRl A — 7 —7THE L
FRUA Ty P RENGRE EEBER S €, UKREEREKEEHERE e, 28, AF-.
KEDF v v S—HADRARELTE, SAEy 2 ANTIL I — L BEHEST-> TESEY
ML 720

5. ENMAHEE

EEREO F v N — IRl T, SPF v RA SRR 3 LS CEEL. T b5, SPF
Z oy PEAR, HHEZOS) 7 -PRESICTHERCLY LEMREL, MECSE LTy D
BETANT =Xy THWEY — VWREL, SARy FAWNTSRECT ¥ « 740 — L HE
HEQHM LTF v o i—FABAL, &, BUBCHREr — YL/ 2Ky 7 A%EL
THD L, BMORNOEES NRFRLEBRCELL, 25, BUsREDESE, Eehi
Frra—mbROEL, BB,

6. FEAEFHE
o MEEHZEE 1 ATl oSS TEEBEDGTERL:, Tabb, vy —VAICEY
BEE (1-2+3+4+5+6) 2HEAZRE S L 28 s, ERATHEDOREEOEERO S

RBCRAEL, &8, FEHEOFRIZEREIC E L, Fi5E - EEEE (Meant5D)
Tl

BRRUEBE

1. ERFFHRNPORETERE L EPRTH
A'B-C-DEUBWTERFELLT v tOLROERS, &F v/ =B L TR 2-1~24
EUFE 2R LT,

AR, S0HES 27 HIZEF v o —T2 [LDEF 288 s 8 WH THRA SN, 6 BBIDH R
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Exposure Exo, 1980 1980 198] 1981 1981
Chamber | Group| 5.27 11.30 3.9 5.29 12,11
t + + t t
{8nk)
L4 "
ASG-1 6 mos
0. Udpomt| A " —
" 9 mos "
" 1
ANSL 18 mos
14, I2eem) —
(8K ) p————y
ASG-
EOmT 3 mos
M —wusrmrera = e - Xy
A5 [ theRi-r *———"3 e
r -
L ekl it (3 TS —
(25‘c :
55 %
.. «——— ;Breeding Perlod in Chamber
i Age at N0, Exposure ~--—_»iBreeding Perlod in Berrier Room
52 1 NOKFABEBESA LAY 2—N
Fig. 1 Time Schedule of NO, Exposure
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117 @RS AMH (185 ABHER (ASC)
e WAL T2IE
11. 29 RO niE (2310) (ﬂﬂiﬁ : (_57
60j= T
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404 [a——— 3. 10 KRR
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420 8T (1) 4 15 g 15 ECRUHTIE DM (205)
11. 23
R Wi LM (LT
1124
w- e o il 200
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80 a1
A 5 [ 7 8 g w0 11 12 1 2 3 4 5 3] 7 8 g 10 11 12
B 1 2 3 4 5 & T BE 8 11z 13 14 15 16 17T 18 19 20

2-1 ASCHEB TOBYETHROER
Fig. 2-1 Changes of the Number of Rats Maintained in ASC Chamber (Cont. Exp.

A)
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e EERD & B (240E)
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1. 24
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Fig.2-2. Changes of the Number of Rats Majotained in ASG-1 Chamber { Noa;o.odpm,fxp.n)

2-2 ASG-1 R&EBEHTCOBYEETHROER
Fig. 2-2 Changes of the Number of Rats Maintained in ASG-1 Chamber (NO, ; 0.
Odppm, Exp. A)
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Fig.2-3. Changes of the Number of Rats Maintained in ASG-2 Chamber (NO,;0.12ppm.Exp.A}

2-3 ASG2 RBEBETOBYHETROME
Fig. 2-3  Changes of the Number of Rats Maintained in ASG-2 Chamber (NO, ;

12ppm, Exp. A)
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F 2 FEBHTOBYVETHROMS
Table 2 Changes of Number of Rats Maintained in each Chamber
'80 81
Exp, Cham- Date
. 5 6 7 8 9 111 121 2 3 4 5 6 7 8§ ¢ 10 tl 12 Out/In
Group ber (mos)
(@ (1) (2 (3) @) (5 () (7) (B) (9) (LOY{LL){12}{13) (14)(13) (16) (17) (18) (19}
ASC T 67/72
ola
A ASGE 69/72
ASG-2 68/72
In
ASG-3 0/72
ASC Total 24/24
AsG-t ¢ 24/24
B 96
ASG-2 24/24
In
ASG-3 24/24
AsC Qeremnrnenas 0 24/24
o ASG ‘;‘: Uomormmeanns 0 24724
ASG-2 : e 0 24/24
ASG-3 g p I 0 24/24
ASC Total 2meeaaes 23 2 210 21724
p ASG 96 24 23 -mmnnes 22-enees 0 22/24
ASG-2 In B T CRLCRILESr 230 23/24
ASG-3 P RRCEI 23 ¢ 23/24
576 288 95 96+ 96 96 335/376
Total (95) (96+96) (56) (83+89) (96%)
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RSB ER O $HRBH MO AEEE

BBERICBF v —24COF 9 (HL ASC 2 231U MH s (80&£ 11 A 24 A~30
B 372, 90 ERBOHNARBRICRF v o —24 LD 6B RE sz (81 £ 2 B 23 H~3
B9B). a2, 18AROF ARHEEIC ASC; 20-ASG-1; 21+ ASG-2; 20+ ASG-3; 225D
SO ANERAKTLR(BIENH24 B~12 11 H) . 48, A BOYFIOF v vri—
IRV 288 IC o 6 0 ARBE SN E 90 ARBH S LRV IBHHREHSBIILEELI W
BD 14T, FREEHHOEF TR LFARER S,

BEETIE, BOFEIlABEEF v/ i—24 EOF 6 EXEESTAZ L, ILHBOF R
ZBHICBIROLTHBEs BIE2H23H~3H9A),

CETH, BLEIH 10 Bic&F v /-2 [LDFT 96 Tasit A s i (AR 49384, ABLE
CHAoy +O#EME TN 7T —NTEE), SHEROY ABRBERICGITDSTHIRHE
iz (8145 F 25 A~29 B

DT, B1ES A 29 BICEF v /=24 LD 96 ILaHRA 2 h (BRARE 608G, CHEE
o ) 7 —NTEE), 6 »HBOY A RBEIC ASC: 21+ ASG-1; 22+ ASG-2; 23+ ASG-3;
23MEDFF I EH N A NFERHSR T LI EFE N AU B~12H 11 ) 2B, DEOLTOF +
S8 — IR 96 VG & 6 40 I REEE8Y U LBV D 70513, HERMEMM R TFEs
LizBB s,

LIAT, SEO LS LR AREERCEVLTE, BHETOBREENERO KO S
ACERZEREROLOLELOND, 220, SEORBRAETHERICET L ARE DB
BT, #PCoRELER GRAR) 2R3ICRLL

HARBHRM b OSRRIECHE, AR MIK-DEETIEDOH2IILTH Y, BBEBILH 576 IL(A
Bt 288 BEE:GHCHF:06-DRE:96) L THDZHESIZ 4N THZ,

FLOETFET OB, AN TREEBHEE 1 AT 4R 4 EMRZETL, B D 10 i
REGR 15~18 A TREL, —F, DRTIBEMAER 3~6 08T 7T LML,

K, RENTRERFEEELG 21400 11 #] 52%) LBRLEHL{, 2055 0fRNTERE
ETH->l, BHICL HVHEBEE 3F (14%) TERD 76 (33%) DEZENZERETHETHS
B, B e A TERRESERE TR I L RHL O TH B,

LEDOXSic, SEOFARBHMTCEE LTy VEH2AKETHY, FED 18 HFETO
FEURIET 28 U (FEERF0 . 23 1 5) TH-okVZr d Y, BET v MIATEE D TEDRVE
RTh-iz,

NOBELFHTUHREOBEYXZ B0, Fv i —fTHET 2 -, ASCOHIEEE) | 8(38%),
ASG-1 (0.04 ppm BEE) 1 5 (24%), ASG-2 (0.12 ppm BBHE) 15 (24%), ASG-3 (0.4 ppm £
BE 3 (14%) &Ry, RERI ONBEHETORCESSEWIBREE o, L L
5, BF v A—-HTORCEHCRFASTAELERZD LT, - SEHO NO.RBEREORET
%, 7y bORCEHOBKEE TR L sho-kELoNL S,
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£ 3 A-DEBRETORVETROER
Table 3 Number of the Dead Rats in each Chamber through Experimental Periods

NO, Exposure Period (mos)

Chamber 0% Exp.A 0-5 6 78 9 11 1214 15 16 17 18 Total
Nam Concent
lation Exp.D 02 3 4 5 6 (C.A®)
(Age) (-1 (8) (9-1) (1)  (12) (13) (4-16) (1) (18) (19 (20
Air A O [ ] A®D A 5(1,2,2)
ASC
{Cont) D Oa A 2O
A [ ) [ ® 30,0,3)
ASG-1 NO;
(0.04ppm) D A A 2(0,2,0)
NO, A ry QO 4aa 30
ASG-2
(0.12ppm) D A 1(0,1,.0)
N A 9 A 2(0,1,1)
ASG-3 O:
(0.4ppm) D [ ] 1¢(0,0,1)
A a 1 ] 1 0 2 0 3 2 1 4 14(2.6,6)
Total
D 0 1 2 2 2 7(1,5.1)
All Total v 1 o i 0 2 0 4 4 3 6 243,117

QO ; Sacilficed for Weakness, A ; Spontanecus Tumor, @ ; Other Reason.

BB, YHETIRT Y POBREFF (@80 F 11 824~30H, @81 E1LA2ME~IZA 11 H}
RPAEIRE & FEE T RIARENCARIAL 203, MARE R A2 2YAHE, A X F7AH, 74
W—H, A4 IFFA°, v OATFF 7404, MHV, HV]) O&R, €0 6/ x2E) &%
BEHLwIRENRELNLTVD,

2f, &EBREFHEMEELT, 7y PCBRENEDOND L) RBHIE, EETHoT,

2. #BENIEH .

ASC, ASG-1+2+3 DAEBDOF v —HNTHEL A*B-C-DEZ vy bOFERT/NY
T-ANTHEBLLRER (W —2a2 b 0—A8) 7y FORER—BLTRIRRLE, 77,
ABRUR-C-DETOT v tOFHREOHB 2 F N FIEI-1 EH3-2ZFEL %,

AT, ASC (Frot—arbo—i) v bl LT, ASG-1-2-3OHF ARZRBET »
FOFHREEEPREHERLEN, LSS, wITROHEBRCBWTL&F » v —F
THRBCHERERRD e ol Fr I —HNTHBEL ABZ v FOFEE AV F7—AT
FELES v (—22yro—n 8 OBELHETZ e, ASCHLELTF v \—HEH
Sy rgh—AaTrho—ABIDLRENEE BB CREANERILE(HEREL L, LAL
s, Fv Y —AEERES v F OKER Wistar 7 9 b OFEEOTEAMIC A>T EYZ L &
b, RERECHEREh-EEZBR S,
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#= 4 A+B-C-DETOEREEHEMPOTHEEDHMRE (ASC, ASG-1+2+3F v v—F))
Table 4 Changes of the body weight of male Wistar rat maintained in the chamber (ASC, ASG-1. 2. 3) for 3,
6, 9 and 18 months

Experimental Date (Age : mth)

'30 81
Cham- Exp. 5/27 6/25 7/30 8/27 5/24 10/30 11/28 12/25 1/27 2/23 3/31 4/30 &1 71 7/29 8/26 9/30 10/28 11/24
ber group (2) (3) 14} (5) {6) (7) {8) (9) (10) 1) 12y (13) (1] {15) (16} (7} {18} (19} 20
A 211" 349 429 462 48} 505 532 541 564 578 592 609 619 634 636 627 639 633 640
£85(72) ST FI2TZ) E£INI £ITI) 4571 4B(TI) :A9(48)  E53(48)  +S54E)  £5T(24)  2IH2Y 26023 6623 £TU2I) T £I6(21) 921 £5121)
A B 376 450
119024y £20(24)
c 628 640 664
c +64(24)  -£68(24)  +70{24)
D 667 685 704 696 724 m 01
+64(27) £64(27) £68(27) £83(27) +80(23) £85(22) 10X2Y)
A 223 355 436 462 487 510 529 547 574 590 623 647 658 672 664 696 673 692 656
2T £29(72)  £4272)  A48(T2)  E54(72) 5T} £TO2) £ 7H48)  £B2(48)  +92(48)  £UIAM)L £119(23) L1 292 14003 U I £HIND R8N
A B 361 420 )
3 +25(24)  £27(24)
G . 633 650 660
: +51(24)  +5B(24)  143(24)
D 671 671 684 718 706 74] 702
+64(24)  17324) 724} £94(23) +11423)  1I124(22)  +i03(22)
A 248 357 437 469 506 518 547 563 580 591 611 621 640 666 668 696 570 636 657
EIHTL) R28(T2)  FAMTH)  XINT) £ATZ)  £46(72)  £S50(72)  £S54(48) £59(48)  £65(24) LTN2A)  ETI24)  +B86(24)  95(24)  4£94(24) RH24}  1I05(23) +112(22)  F128(7)
. B 369 44]
S +24(24)  +35(24)
¢ ¢ 642 649 655
2 +42(24)  £42(24) £51(24)
b 647 652 £70 650 687 682 674
7324y  £76(24)  £76(24) £76(24) :BR(24) +90{(24)  +98(23)
N 247 351 428 466 488 510 522 542 560 5719 599 a8 619 425 623 628 639 641 624
T1HT2)  £28(72) £3X72p £3TT2)  +42T2)  £4NTI}  :47(72) £50(48) 55(48) £ 59(48) £65(23) +71(23) +68(23) £65(23) £70(23) (23 £75(23) TR +81(22)
- ) 443
S +18(24) £24(24)
G c 635 B41 667
1 +52(24)  £50624)  £53(24)
b 664 672 685 683 702 112 678
+56(24) 5324) +58(24) +58(24) £61(23) +62(23) £74(23)
Room 253 377 443 485 511 53% 566 583 604 622 533 4] 655 650 6435 650 653 652 651
Cont *12 +25 +34 +39 +40 +45 +48 +51 +55 +359 +64 +67 +69 +13 +74 +73 +79 +175 77
) (339) (33 (339) (339) (339) (339) (338) (338) (336} (322) 211 (210) (208) (112) (102) (112) (%6) (94) (89)

* ; Mean + 5.0 {N): Body Wcight (gram)
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— T A=A - B
800}
700}
600}
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400}
300}
200}
W &z 7 - S TOMIER
1ot
AR 1w (6 ¥ HHE) 2nd (97 HBRE) 3rd (184 AR
= 288 o= 192 n=96
5 3 4 5 6 7 8 9 10 11 12 I3 14 15 16 17 18 |9 200
e ¢ 7 8 9 1011 12" 2 3 4 5 8 7 B 9 10 |1 asn

3-2 AEBBTOET v OREOHR
Fig. 3-2 Changes of the Body Weight of Male Wistar Rats in Experiment B, C and D

(g}
8001
700+
800F
500F Ba
4001 ",
—ASC
3001 »----A SG-I
o-—f §G-2
200t ——ASG-3
n'i 7~ S TORMEE
100y RE (34 AREYCE (37 HBE DH (64 AGI
d=96 =86 tags
2 3 4 5 6 7 8 9 10 11 12 13 14 15 |16 17 I8 19 20as
1 2 3 BEOAAS
We o 7 8 9 1011121 2 3 4 5 6 7 8 9 10 || anen
3-1 B-C-DEBRETOET v rOBEOHD '
Fig. 3-1 Changes of the Body Weight of Male Wistar Rats in Expenimental A
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* 5 AR - DEETOEBHFPERGIELCT v F 0REBEOHEE
Table 5 Changes of the body weight of dead rats (Exp. A & D) during the experiment
(3 ; Sacrificed for weakness
| ; Down under Ave. B. W, A ; Death of spontaneous tumor
@ ; Death of other reason
Experimetal date
Exp. ‘80 ‘81
group 5720 S/27 625 7/30  B/27 9724 10/30 11728 12/35 /27 2423 3N 4/30 6/t /29 8726 9730 10728 11724
Chamber (No)  Age(mthy (2) (3 (4) (5) (6} 7 8 () 10y (1) (12) (R3] {14) (13 (36} (n (18} (19) (20}
A (D) 193 204 340 430 465 485 495 | (11/4;0)
A (2} 209 222 376 440 47G 500 530 545 560 590 610 570 (4/20; @)
A A (3) 185 198 348 420 445 460 505 545 580 510 633 660 680 6835 650 560 | 8/13; &)
s A (4) 207 225 380 470 425 525 575 590 610 620 66 660 690 650 715 700 {8/16; @)}
c A (5) 199 207 370 440 465 500 555 675 610 620 6600 660 690 700 730 730 580 560 420 | (11727 0)
D (6} 679 680 700 710 (9/2; &)
oM 643 660 630 520 | (9/15,C)
D (8) 728 760 750 800 655 600 | (11/23;A)
A (D) 192 247 350 420 450 465 475 505 510 525 570 550 (4/19; @)
fs\ A (2) 195 234 330 410 430 450 460 495 510 530 560 570 630 600 600 580 | (8/12; @)
G A (3) 181 266 470 620 700 785 810_ 895 950 1000 1050 1040 1100 1130 1130 1020 970 9/8. @)
1 D (4) 654 600 600 | (8/22: A)
D (5) 840 890 870 1050 550 | {10/19; A)
A 200 256 370 470 465 500 480 540 540 555 540 555 540 600 605 630 680 | (9/17; A)
2 A(2) 197 247 345 410 510 565 605 680 630 705 730 760 750 820 840 840 750 (10/8;0j
G A 195 261 3%0 480 510 595 590 595 600 620 615 640 660 670 680 690 710 700 490 | {11/2654)
2 A (4) 200 253 370 450 480 505 500 550 550 560 670 595 610 620 650 670 710 710 640 | (11/17; &
D (5) 701 720 750 % 7%0 760 (12/3: 2}
A A (D) 204 253 3%0 435 570 480 530 505 550 470 (1/27: @)
é AL 193 244 330 420 440 480 500 510 550 570 590 610 630 650 660 670 690 7t0 720 (11/14; 5)
3 "Dy 758 730 78D 7%0 R0 (10/22; @)
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Wi, CRUDETE, ABLABRCLWIFAOHERRIBLTHEF v A —FTHhEIEE
RARTD B NA S0, L, ABEIET S CRUDEOKERBARS o F BB 2
HEREF r vt — bW o hl, B8, EARESOREZ BBIZ2WTH, &F vy —[4
THERLZERBD S s o7,

IREOESE, &F v o —BTREORBCEELERSED SRR 2, B1EEOA
ABBTLEESNTE D, SED NOBEORERE TR, fIE L 7 vt OBEICEZ 5
WEE ozt EBEWS,

3 BAFECEECO>VCTOEE

F o NN TERAEDTCELLAERECSBT, Fro —RARMSEET S % TOKE
DHERZESICRLE,

HEHRFETEE 2 FID 5 5, EETAMA KRS L ERL 155050, %SRBI EYE
BEbohEEL DR D, R, BF v A —OERETHE L BT 2 £, ASC T 8 Flth 6 41,
ASG-1 T 5 P19 4, ASG-2 T 58I 34, ASG-3 Tl 3 Ik 1§ & 21 i 15 81 (74%)
PTFEEUTOFEE - Tnd, &7, FEFIFHELTCLLHETA L D ED U EEi2146]
10 F (47%) B9, KEOBORESLORHRBELRLTHLE EEL 605,

o7, BESABLLTESLE WERCOWTERCEET 2 &, FTEKEE .6 55
1-ERTEE 13 &% 0, COMORMEZRTEARDOREY & TREEHOMENEN Z & o5iRg s
iz, 8, SEOTEEEEIC X 53R 1.6% (9/576) Th-o7h%, HILTES E LT
BRCHBE Tty

Pk, BTG oL THREOHB L D ERL, ARORISBMOREOHL LR L
pREN, COEOBMER TR RURLEEHE ThS o & AHERE Nz,

B =
FREOERE LD, 18 AL 28OS ERCIIAER Y V7 BYETEEEH SO
BHEBL, CIRELTHEYSETS,

5l A X ®

1) EVAETHEAR(1980) | REERYEDE-EUESHEROEKIIT 2 B8 T 2 ZEOTE, BMSaEE
meesE, ErAEWEmEgS, #1565,

2) BAE BL-HEEEEelA - FBETH-EEOES (1977 @Y AETSFBYEERS ARE S v o —
oS ROV T, OFEYREANESEISERSHRESHE, 3536,

3) AEREE— - EIE B RN - ABGEI (1980) @ EHEHERARENE - ST AEREREYER R EREH
HiiER. EEME Ly —HEEE, 364-383,
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BEuLEHEFRiE B405 (R-40-83)
Res. Rep. Natl. Inst. Environ. Stud,, Jpn., No.40, 1983

I1-3

“HILERRBREO I v PR EITEE
— iR RS R —

Effects of Long-Term Nitrogen Dioxide Exposure on Rats

—Morphological Observations—

FEFRET . SHIES - R AESE2 - IUEET « ZEHB A

Hiroko KYONO?, Jyunzo SAEGUSAZ, late Kiyoyuki KAWAI?3,
Yasuko YAMADA and Kentaro KUBOTA!
= B
Wistar BiEZ v iz, NO; % 0.04, 0.12, 0.4 ppm DIBET, 3, 6, 9, I8 pHESEREL,
HORBEEENBRESIT o, 2055, 004, Dippm DS, B H-REBUTEER
L{iThtif:, REBEEOHE 0 TR 04ppm VAL T 32EH 5 18 nE OSEHME,
R EM LT 20 2SR, 2FE L TIREBMETH -7, 0.4 ppm L

TOEBED NO, ~OEEEBI L - T, 182 oo TREE Y <1 TF

SHEEHELBOERNEEFOERIIRES RV LI E—EROKEMIZITEHRS A
720 .

Abstract

Lungs of Jel : Wistar male rats exposed to NO, at the concentration of 0.04, (.12 and
04 ppm for 3, 6, 9 and 18 months continuously were submitted to lighimicroscopic
observation. Exposure to 0.04 and 0.4 ppm NO, for 9 and 18 months was planned as a part
of repeating experiment for the former report.

The lungs at the 0.4 ppm level showed ambiguous features with increased occurences of
local and minute changes during the exposure periods through 3 to 18 months. No definite
and typical morphological alterations -of the Jung became evident throughout the whole

BT AEHRA BEAES T30S REBNENSETEEN6SE2

The National Institute for Environmental Studies, Basic Medical Sciences Division, Yatabe-machi, Tsukuba,

Ibaraki 305, Japan.

EEETREWMER T3 NEHSERER 6-21-1

National Institute of Industrial Halth, Nagao 6-21-1, Tamaku, Kanagawa 213, Japan.
BAEIST4E | H 18 0% (decided 18th January 1982)

BE EvVTHEEWEF TI190-12 BELmERE 4-7-1

National Institute of Health, Gakuen 4-7-1, Musashimurayama, Tokyc 190-12, Japan.
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mHETS

exposure period as long as 18 months even at the concentration of 0.4 ppm NO, so far as
lightmicroscopic observations, supporting the results of the former experiment.

R

HESEBEHEEDO NO, ~OREMSR L 2 RBEREOBEANREOHNRPERL, EX
FAEDRIC L -EEMEoNE LIk 7299, Lal, BEEORIBEERCE LT,
8 EEEG : ZBRHMOE > R BIT U ZIFRR, MREeD, EboThins, a8
WHaBEsALEERETIBVT, RHBEOFEREERELLAGE LA LR, FHRER
RBuiBioo y b, REETo 026, BEREOEL COMMESRE, NO, DBK - B2EH
MEOFHEF FORBEBHMCERET 200285072 LKL AREETHS 5,
RESGEBERBESRT ToHY, KESEOHERACHE > THEL X,

B &
BEpen ORBLEICTE- T, 88SO IcL : Wistar £ v b ZFvs, 0.04 ppm, 0.12 ppm R ¥
0.4 ppm NO, 3 E 3 00H, 6 0 H, 90 ARV 18 L BOERIRE R T/, BMEL LEYWHEEI,

1867CT, 6 P AOHBHERFISHEOSBERI1IESKRTH- T,

Z v b ik Na-~2> P20 E# — A (0.6 ml/animal) ®2BEENTEH L, ERET CEBIIRUEIC X
b7 6ml A4RML 7z, SO TRE -MEBH L, GREFPEEHFE & 0BRGN L E0PRR
FICE W, BAEMCE LIV —A 77t FPEER (15 % glutaraldehyde in  0.088M
cacodylate buffer, pH 7.4, 330mOs) #20cm OE 2 LD F T LABEAR L DELREEL 2.
FRF T LT PR T—REEEPE 7 s Ve ) Y TEEL, BEO/CT7 4 B R
Bz, AT hFY UV e APy, THY, TIATFT 44« 7 F—V o EREFELBVEHE
BEEIToT,

® R

1. O4ppm &RBHEFA

0.4 ppim 18 £ O BB 238 U THEMIC BB L 220 T, Bk U CRREEe 2 2%
EHBLTWE L FHERE R, L LAEY - RIEKE IR s I< 2
rHyRon, FOHREEIMOBERLIVEL o,

I ARBE, PEASELOFRE EFHITARATIC P REA U REN L £ & g THET
DA, ZOESTLIROEECEES T, BELEORECIECNRsEZn, Ll
HISUS T TBEEE (B 8) 12 < & B S i JHREHROREPEAL LT o 2 KB ERICE v
7&7?—§®ﬁ&ﬁN§9bLﬁLﬁE&Toﬁ%ﬁﬁt%ﬁﬁﬁ%?ﬁ,ﬁﬁi&@ﬂﬁ@%
e R A~ SR ORRMIER + B, XIGEOR b BEORSREING L 2 BEER 3
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NQ, RI£E 7 v + OREBEFENFR

(H9) EEHPPHET. LOFREEACKERE CLHREN (K16) < s<hilgEifios
EHBEI DL ZEHEw (F13), 2haOZEhiE NO, K& 2 EHMRED I T HELNT 4
DLUMTENLEY, BYORELIENCE > ThTakENDD, SHMEEBNEL H 20, B
e L TREBEOEc Y E o Tl

BREOPARCE, 2RLLTILARBLIE{LRE LAV <42, PEAGEELE
TR CERRRE2 T, SLETROALREAMNLEDER LEEL Thi, HIEXI»S
T A Tid R OB E T 548, MEEOERHELO R 2 (B 17),
BRIPATLO AR LEDLS T, BRAEX LEORUBRA & Z{EBRLIERERD D I &
EdHsut (H21), NMEREEORLTEKERL SV,

18 A%k, PERGEXTEMEMLZ2TD T (K25, 26) HREXTR (K27 3»BRE

YRD I EROBHFSVERRICE W T W, RIBRGE L MGERE TS 3r AL T > ARE
DI BELREbs2EEE, BN eALHATWE, L2LIDHLEE~OERI TS T(H
29), &L TRRBMOER L T,

2. 0.12ppm RFHAAR

hERXPSHAKEY FEORICKE, B2 CoEBHETNEEE: OEIREEERE W (H
2, [6). RMEFHE T EEE TR, 32»A, I8hE8B5 T, 04ppm LAKED, X 50@BLE
L BEc RS (510, 14, 30)#%, 68, I ABTENEELDEEHS LT W (X118,
% 22)

3. 0.04 ppm REBHMR
CERFNEZEL, MEMOEE TRy ("3, 7, 11, 15, 19, 23, 31),

x ¥

(wkm4wm%§®N@hﬁ%ﬁ@ﬁ@%ﬁ%énf7/F®Wﬁ%rai EREHM 5 E
CICEMTHY, EEEORY T, NO, X 2 ZEMNMREORIRESR T, BRIRS
e EE-sTolk, LL, 44 ppm TREJ|BF A TAMTE LROBUEL L EEORERER
DHEEHE L, 3, BrERETRE, 6, I0ARE LV LRHOHSENE 72, X 0.12ppm TH
04 ppm BEEB- %, 3, BLABRBRTRAIMIICES Z L& 7045, 6, 9 ARE TEXRE
EOERBREHE T, 0.04ppm TREFEMGELRES BT,

IEHROBRE, FHNE—FROER2EB T, 26 LTHEEBORENPPEIBATH
ZHISSH o7, MELLBWHEERIE L EROFNE L, BYOEFEC DWW TLERLLL,
BEOELLHEShZHBERE LT RERH 2600, 500 eRRPHE2ELT
w23 THEHOSNLUEOEICREL Tuhuale, B ey ERRzh o7,
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HEFHT S
HERZCE->TOBRETF LT A0, E—ERO 04ppm H T, I A TREE TS
¥, 185 TEME, 27 pATHEEOERNARELZTDTH Y, %< &b 0.4 ppm AL FOR
BYRBCOIWEIRESRBET I LEZNLY, —FHhELY 0L 3 05~0.8 ppm BED 1~1.
S RERSBEER (v R), =562 X3 055~1.6ppm, 5HEMBESERBER (v A) TR
S SR MOFRMAE L EEORMES 2 20BN RIC s NE L CBRCERL LOS%
G258 —KBROBRIE, 90 ALATCE U T EEORIEOEER &, BRH~» > THUTHRL
WINIEOERT 5 ATREM & T L Tz,

BEFEAY I NO, BE 05~8ppm ~0 1~4 FHERBE R F03~1.0ppm ~D 3I~18 »HE
BEE (7w 1) %70, PERKEXLTHE, 8, 4ppm BT 1:38%, 2 ppm BT 3384, 0.5ppm
T4HER» SHENREH S, XBEEFHORRA L RCREORBSTEREFRA~EAT 2 L8]
HEL T3, 0.3~1.0 ppm BE~ORMEFHRE T, 05ppm 18 »ERBEHI, PEALUTOR
EX LECEEOEMNNEHSHRL, 03 ppm BT 3, 8B THBM TH o1k E L THRE
BT <, 6, 12 H T 03ppm3 AR ASNEEE B LABE o7 bR T 5, AE
BOBERFHLORBEBOER LERANC—BETTeE2 o005,

FHL9 0, 0.1~10 ppm BED NO, in&#, 1, 3, 12, 21 »ABO I v b 258 1 0 AEFSER
L, P %R < Mifag iz B U T OBEPEE 2Ty, 2RMHEROBYO AR L DEBED
NO, T2 RIGHD 2 VWidBZHRICES DD, BEHR A R 2ARORIEESELS, 21 20H
ETHEURICHES AT 2 T80, XS oMme, Wk SMmENEO & RE R
SFOEER, 2P ERE, 0.1~05ppm OBETLNBHLIEEEOLS 2 2HEL 2,

Cabral-Anderson’”, Evans'®? & L D, 7 v POl E NO, I & 2HiEE0ERE OBEEIER
B4, M0EHC X DRSO S BERGROEN B e, BEOBRIAX (D0, BH
FIEERIETE W7 v b EERNC NO, BRI T2 s WE AN, BoOF—5t, 26 hHBOFE
Ty bTiE, 1, BeARIY LA 1 pABOENT v MGERRBENEBONTLSE Z kik,
FHTOLRMRICEDET L TORGUELES2TET 200 L 4E L 515,

LitowmE e R EBELILEL, 04ppm BEOERZR LY, 32ALFT FEAREL LK
HIKBEOREAFORERENE U TEEMIIS L5, —BIARIGE LTHEEL, ®ETHEE
B osBfrRIEs, 180 ACRBHMERUCELATH L o2, ZORIER 1~2 ppm
BEOEBENO, ~0oEMBRCLVERIT2, T L THREEELEHROEBEES, HRED
BHEA EBEOREKE L 5 BRR~FREEXBRREOEHCEOEHRE L ENCRILTH S
B, HEEEREMCEYE2TWEET, RIGRIVE, ERIEBE-HEING, E—F
BTRani ) RBHBLS S 5 IWERL K, 0.4 ppm A¥EOELAME S 22 ThHEMIZ 5
THEH, P b 18»HETORBHM TR, PHMOER I H D RIEOEEIIEEY LT
HEHEL G, 3NARERCREONARKIGIE, 6, 90ARBERCPPHE-LEIRLHD, 0
BRlic oW Tk, MERIRAEOE Y, BEXEBH=28BB - fEzRa 2w, L5 NO, BF
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NO: RIZER S v F ORBERENER

KL, BIOIESIE > RISz, & 0ARET 2SR, [EMEEGERET I 51 2
OEFEMELT—E0ELE2H PR L T L &2 s,

0.4ppm TORE LEBUEETH YD, 0.04, 0.12ppm MO ZIIHEBE TYURBE IRV
25, 3 8HARBETRE -BEBEINTLTHWS EBbi, §—, EEBOBERIZLR,
HHEEO 05ppm 18 HADOKIGL VS IFH DY, 03ppm ORIEE REFIHKES, B0 o vy
N, EfT - BRUEZYOEERRE, TALXEERETEBVTRELVWERS 53T, FEO
RERFLTINQ BERKBEIZIVEEZ tEZ 60T,
B—EBRTHRENT LD, BEERO NO, i« L 2REDOEREL, sttt 18 » LI,
AR RIGEOELE XM 20RO BENCEDL S Z L RTATRANEB L, BIChiaiE
D INET R D R L, B EEOEL R EBED NG, RESYOBREINELE S 20
i, 2opm EERBIC L OMEFORE S CARER2ET Y 2 bk, MOBEEROZEL S DN
H, BORERORVWERT L > TREFEOHTE~DER'" L OMEERITT 5 LT+ o8
hTRBEST, SBETEMELV A VTERTARAEZFEELI L TBaA T2,

3R X’

1) Freeman, G., N. J, Furiosi and G. B. Hydon (1966): Effects of continuous exposuvre of 0.8 ppm NO, on
respiration of rats: Arch. Environ. Health, 13, 454-456.

2) Freeman, G, R. J. Stephens, 5. C. Cane and N. . Furiosi (1968) : Lesion of the lung in rats continuously exposed
to two parts per million of nitrogen dioxide: Arch. Environ. Health, ¥7, {81-192.

3) Stephens, R. )., G. Freeman, §. C. Cane and N. J. Furiosi (1971): Ultrastructural changes in the terminal
bronchiole of the rat during continuous, Low-level exposure to nitrogen dioxide : Expl. Mol. Pathol,, 14, 1-19.
4) &I« Bk A THE - IV - BAEA - S F - KOERE - RFET - OA9ES _RIEIFRARE
D3y b k&ii?‘ﬁ%@ —REREENRR. EXAERRmamEY, R-15-'80, p 171-227.

5) FHEMEE - SARFEA « KIRBE - BEHER -8B B -T8H2 (198): NO, &RICL 27 v F OfOMERE

HZE L, #IIHHTER, 32-1, 250-256

6) ¥k K - BRER - K OB RN - BB 5L CBRARERRNRROS v FCRETRER-BREF v v
A—OBREHIE, EIIAEFRAWARYG, R-15-80. p 149-158,
7) S BA < TEBT - TR - A FERN CRBASREESR0T v b RiFTREE {#Tﬁ.“@l%@
FIEEE, B AFPRAERS, R-15-'80, p 159-169.

8) Nakajima, T., H. Oda, S. Kusumoto and H. Nogami (1980) : Biological effects of nitrogen dioxide and nitric

oxide, in Nitrogen Oxides, 8. D. Lee ed. Michigan: Ann Arbor science, 122-141,

ZHERER - s &« PR « $TIE - EHREUE (1980) 1 SO, 2 & UNE NO, BBHO~ ¥ AREHE ERO

AEBETHEMBNERE. EESTEEESS®, 24 (1) 1-8

10) Kyono, H. and K. Kawai (1982} : Morphomentric study on age-dependent pulmonary lesions in rats exposed to
nitrogen dioxide. Ind. Health, 20 (2), 73-99.

11y Cabral-Anderson, L. J.. M. J. Evans and G. Freemen (1977): Effects of NO, on the lungs of aging rats [
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15} Drozdz, M. E. Kucharz and 1. Szyja (1977) . Effect of chronic exposure to nitrogen dioxide on collagen content
in lung and skin of guinea pigs: Environ. Res., 13, 369-377.

16) Hyde, D.. J. Orthoefer, D. Dungworth, E. Tyler, R. Carter and H. Lum (1978): Morphometric and morphologic
evaluation of pulmonary lesions in beagle dogs chronically exposed to high ambient levels of air pollutants: Lab.
Invest.., 38, 455-469.
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Fig. 1

2
Fig. 2
Fig. 3
4
Fig. 4
5
Fig. §
6
Fig. ©
7
Fig. 7
Fig. 8
9
Fig. 9
10
Fig. 10

NO. REERRE 7 v » OFEREENTE

E H K 9

0.4 ppm I ESREX L 3F%§%Lﬁ@%ﬁ&@iﬁﬁﬁ EREDIEA (RED
IZAFh s TrF—v B

0.4 ppm 3M Bronchial eplthehum. A partial proliferation and a minute
hypertrophy of non-ciliated epitheliun {arrows).
All the figures are from the preparations stained with Elastica van-Gieson.

012 ppm 3L FREXLE - BB EFE (R OZH L HoEhn

0.12 ppm 3M Bronchial epithelium : Extrusion and a slight increase in the
number of non-ciliated epithelium (arrows).

0.04 ppm 30 ARE LK B LHOBROERAS R CHHT 2

0.04 ppm 3M Bronchial epithelium: A rare occurence of slightly hyper-
trophic foci of non-ciliated epithelium. .

3P AEE X LR
Control 3M Bronchial epithelum.

0.4 ppm 3 BMISE L5 L RHFIZEE S0 LIFE S S Bk B
MEOHE, XEHE, WsERomEsLELERsnE

0.4 ppm 3M Bronchiolar epithelium: Smooth surface of the bronchiolar
lumen without extrusion of non-ciliated epithelium.

Loss or shortening of cilia and attachment of alveolar macrophages are frequently
encountered.

0.12 ppm 34 ARKE R LK« Boaic g 2 HiEk

0.12 ppm 3M Bronchiolar epithlium : Cellular extrusions disappear in part.

0.04 ppm 3 HMIRE X b N LERFTED TV
(.04 ppm 3M Bronchiolar epithelium: No definite change.

AR AMSRE X JFRE L ROBRIM 22

Contro! 3M Bronchiolar epithelium : A regular arrangement for extruded
non-c¢iliated cells.

04 ppm 30 FRBTE : KBTELEOBREOIEK & B~ OB
TR, BEOMEERIEE (%M)

0.4 ppm 3M Terminal airway: Mild hypertrophy of the epithelium of
terminal airway and proliferative extrusion into the alveolar duct.
Slightly thickenend wall of the alveolar duct (arrows).

0.12 ppm 3 » ARIETGE : MRGAROBREOER (KED)

0.12 ppm 3M Terminal airway : A part of the wall of alveolar duct with a
trace of thickening.
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

11
11

12

13
13

14

15

15

16
16

17
17

18
18

19

ig. 19

Fig.

Fig.

Fig.

20

. 20

21

.21

22
22

23
23

24
24

RIFEF S

0.04 ppm 3 2» FISRAGSKE . WHER L OEZED 2L
0.04 ppm 3M Terminal airway: No definite difference to the control.

xR A KA SGE

Controt 3M Terminal airway

0.4 ppm 32> FIffikE : —MO il TREOIEESRE 515 (KA
0.4 ppm 3M Alveoli: Some of the alveolar ducts show a trace of thickening
(arrows)

0.11 ppm 3% A ffifd : 0.4 ppmiLlizGaiRoh 2
0.12 ppm 3M Alveoli: A similar appearance to the 0.4 ppm figure.

0.04 ppm 33 AflifE . ELEES e w
0.04 ppm 3M Alveoli : No remarkable change.

BRI Ak
Control 3M Alveoli.

0.4 ppm 60 ARMWEHE : MELECEEOREESR 02 - L85 5

0.4 ppm 6M Terminal airway: A minute thickening of alveolar duct.

0.12 ppm 62 HRMMTIE : HRTREFRET LR
0.12 ppm 6M Terminal airway : No definite change.

0.04 ppm 66 AFRMETOE : Tl T < EFrAZRH
0.04 ppm 6M Terminal airway : No definite change.

HHHERE 6 2 HARAESGE : TR TR EFREHD L

Control 6M Terminal airway: No definite change.

0.4 ppm 922 B FABSIE | KIELUE LR OEEOER (K8
FiffeE DREE 3L S BE S Tir,

0.4 ppm SM Terminal airway : Slightly hypertrophic bronchiolar epithe-
lium.
Thickening of the walls of alveolar duct is not clear.

0.12 ppm 9 HREEE : FiC T &R 2R 2
0.12 ppm 9M Terminal airway: No definite change.

0.04 ppm 92 FIRIEGIE : FicT REprAERD 2
0.04 ppm 9M Terminal airway: No definite change.

SRR ARIBRGE : FRL T N EmE e BV

Control 9M Terminal airway : No definite change.
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Fig.

Fig.

Fig.

Fig.

25
25

26
26

27

2%

.28

29

. 28

30

. 30

31

ig. 31

32
32

NO, RIAZE > v F ORBEBENIFRR

0dppm 18 p BEEL L BT~ EMRAEEHT O

-0.4 ppm 18M Bronchial epithelium : No remarkable alteration.

HEFIBLFRER LK
Control 18M Bronchial epithelinm.

04 ppm 18 EMTVEX LK : JHRE L KMiaORBM A L2855
ZREHE, HETHESBAOMBEREIZRD 20

0.4 ppm 18M Bronchiolar epithelium : Smoothening of bronchiolar lumen
due to the loss of cytoplasmic extrusion of non-ciliated epithelia,
No cellular infiltration into the submucosal layer.

HREESHEESELLE

Control 18M Bronchiolar epithelium.

gﬂ4) ppm 18 A REFRE : RELEOEEOER LE~DLER (R

0.4 ppm 18M Terminal airway : A minute hypertrophy of epithelium and
proliferative extrusion into the alveolar duct (arrow).

0.12 ppm 18 AKEEE : [RELEOEEOHEA

0.12 ppm 18M Terminal airway: A slightly hypertrophic epithelia at the
terminal airways are seen sporadically.

0.04 ppm 185> AR RE : IZEEHFRZ L
0.04 ppm 18M Terminal airway : No definite change.

SIS ARIESE « RIEREEHHK 2

Control 18M Terminal airway: No definite change.
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NO, REIZE 7 v b OIREREENTR
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E A EERTRRRYE F 40 5 (R-40-83)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No.40, 1983

CEHIERERHRBOS v M I RIETERE
—BRNEBBOTILIC oW T~—

Effects of Long Term Exposure to Nitrogen Dioxide on Rats

—0Q, Consumption —

fak B/ O BRA B
Akira K. SUZUKI!, Hirokazu TSUBONE! and Masaru SAGAD

= =]

NO, DIEBERMABESS v bOFRAEEY, ¥ARBICRIETEESRET -8
iz, EEED 0.04, 01271 04ppm D NO, 27 9 b2 3, 6, 9 »HHBREL, SFHE
& (Ve), MRS (RR), —EHER (Vo), WELREESR (0., CO,) o0nTH
A7 L 72, 0.04 ppm NO, BEEECARRSE (Vo) id, WEED 10-23 % OMMETL, RR
LERT-IB%OMERL, BRAEREMEE S » TR RROMIIZ U TR (BERY
HML T o edBlehlof, $RMASAESULER, BERERRIZ0.04
ppm & UF 0.12 ppm BB THERED 23~38 %ORNER L, FOMEMNEIZS, 6, 94
FHREBEWI I CEBHMOERCE- ThE L R EANA L b s, EBE
NO, BB 8T 3BMEMBREOBIIC W T, MIRABEPATR, S L0 Fl st
MR BLERHL LEZ SR,

Abstract

To elucidate the chronic effects of NQ, exposure on gaseous exchange or metabolism in
the lung and whole body, rats were exposed to NO, ai concentrations of 0.04, 0.12 and 0.40
ppm for 3, 6 and 9months, respiratory rate (RR), minute ventilation volume (Vy), tidal
volume (\./T) and collected expired gas tensions (Q,, CO,) were examined for exposed and
control. Vg of rats exposed to 0.04 ppm was increased to 110—123% of the control. RR of
the rats was also increased to 107—118% of the control. These findings show that low
concentration of NQ, affect not only an increase of RR but also an increase of ventilatory
volume. O, consumption of rats exposed to 0.04 ppm and 0.12 ppm NO, for 3, 6, 9 months
was increased to 123—138% of the control and the longer the exposure period was, the
smaller the value of O, consumpiion was.

I EZAEsEe BEAEN T305 RRAAEESHESEELNE 1682
The National Institute for Environmental Studies, Basic Medical Sciences Division, Yatabe-machi, Tsukuba.
Ibaraki 3035, Japan.
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wA R B BeF B

FLIc

“EbsER (NOY) i, T: L THREES» ot anEfhchiafmL, HEFEF v 5
YEOERICEST 2B LTEEE RN, 20AFEECHT AHRSED SN TV S, HEK
N,ON Ok S R REFMLTR 2 A L ERD, H 2 W idfich O mEie K& O ERHER & fIl7E L 7o KERD
& -7, NO, RHER T &0 AmT 5 2 L8R s LT E, Lithi-> T NO, iR
BAEH) TR R MORBHBRCHFESS 15 - L sfiflanz, —F, Wppm LLED NO, it
BN E TA Y, WRBICBEFNEL 55 I BIERES 23| 2RI T LFe
CTwd, Lizao T NO, BB X 2ERBEST L LT, Wi 27 ATEBEAELL™, §
WRINBERGEOE TR T 2 ERREINT WD, 25 DERIL, AENTORERY 2 i F
HARBIC L BENR AT D Z L 2R L T2,

2T, NO, EBERMSBOFEL+RET 2 TR LT, MREEZEEENE{LET
IR0 TY SpOoEBOATEBE VY~ LEELZ NS 004 ppm 2BEBEELLT, NOZF v
MCBEL, WELLERA A DB T EEAR,

WER UK ® _

8 LD Jcl: Wistar RifEZ v b2 HAL, 2RRHMTREL ZTROBLEE KL EHERS
iz, NO, R Yy~hsiitfgain, BEF v v —CABHN, BMBREEE (MeTE¥ o
THBERT, 0.04, 012, 0.4 ppm @ NO, BECHRRE Nz, T M idEH 50 AREOAME S+
V= (SR 23 mY) WT 3, 6, 9 0 BRING, KEE s iy, MEEORME, NO, BELAL
HART, BRERILITERANL, Fr v/ —RO NO, BERR 7 IV iy AHROLEHRE
11534738 (Thermoelectron NOy analyzer ¥ Monitor Lab., ML 8440 ES) THEEGMNEE =5 —
ah, EREERSEICENK, L THEMNEEIX 010 %ARICER I AT,

0,, CO, HFHEMNE A A&, Pentobarbital sodium (25mg/kg. BW., iv) FEEFT TR - |
SEERED L RWTINE s Lz, 0, CO, BRI, O, CO, 7478 (Z50HI8 1H21) i2& - T,
ﬁx%E&Uﬁﬁ%%M%bkcitﬁ%@ﬁﬁ(ﬁﬂ%@ﬁﬂ%ﬁm%,iﬁ~@ﬁﬁ§(Vﬂ
¥ Ve R CRE L TR, IOBEE, BRESARBRARIGEML TV 3 LUEL T, ¥
WA PR BE SRR > SN SN2 EFr 2B H L. 0, CO, MBIIATES R (0, 16.
29, CO,: 49%, N, 7 v A) KEoTHES L, RS ANERR SO, CO, # AMFE
it, 727 BTPS (Body Temperature and Pressure with Saturated Water) #8 7, L7
3o TS B 2 0fMEE L RERE L OIS, BTPS THE U @I 2w T ZIKEgLLE
L TWDH,
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NO. RiSER 5 v b CBRFERBOEL

= ==

1 MRE (RR), HEASE (V.), —EAKE (V) OX{t

3, 6, 9 AR NO, BBEFD RR, Ve, V, ONERETHT 2 FAELEE 1 IsR L. LR
DREWHITE T 0.04 ppm BET Veid MFBED 10-23 % 0OMMAET L, RR b & 7 7-18 % 01
MET UL, &7, RR i3 3 0 HMEBRTU 6 » ANER TRO TROBEIE LT b 7-20 % DR
MR U 724%,9 2 RHISABEO 0.12 ppm R U 04 pomBBH CRNR LB L A YES s o, 35
ARMBED 0.12 ppm B3 L U 0.4 ppm BTt Ve, Vob b ICHBEL DRI Lz, 9 20 HEEE0
Vild PO RBEE I TR L A VENS T,

7

( 3 M Exposure "6 M Exposure [T 9 M Exposure

120 = .

e -

{ % of contral )
=
e
T

ga 1 | I | 1 i L 1
€ 0.04 012 0.40 C 008 02 0.40 C 004 wiz 040

N0, Concentration (ppm)

1 MERE(RR) AERRGE (V) —EHREE (V) OZ

Fig. 1 Changes of respiratory rate(RR), minute ventilation volume (V) and tidal
volume (V1) in rats exposed to NO, at concentrations of 0.04, 0.12 and 0.40
ppm for 3, 6 and 9 months.

Values show relative change(% of control).

2. EsHR50 0, CO.BEOEL

IS LA TR A Oy, CO, BE R R, O, iz 00 THEMEEE(0, : 209%, CO,: 0.0%.
N, /87 ¥ R) EDEE A0, £ L, CO, BE# 4CO, & L TRERE & 18k L TIERMSER S 2 1
T ze 35 AHBE TR 40,, 4CO, i 0.04 724> L 012 ppm T HHEEE & F#E L THIN& R+ 25,
0.4 ppm BEBTRBCED 2T Lic, £, 6 0 AMRU 0 » AMBE T3, MEEIAS 0L
BFL LRSS, BFROBEIELTS 40, 1Y 400, DHHAEOEERLE, LbLa
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BA BB g .et B

25, ZORMOBIEII 6 »pAMBEL 0 »BHBRE CRBEECEL o, Thby, 6 0 AHRSE
T3 4CO, 25 0.04, 0.12 ppm BRI THIMER £ 7L, 0.40 ppm RETit 40, £ L b ICEALLOD
L, 9»AMBE T 0.04 ppm BT JCO,, 40, & bbb TFhiciEy L, 0.40 ppm EBETIE
4C0,, 40, & HmERL T,

120 _

I M Exposure 6 M Exposure

9 N Exposure

10 —

wk--6-.. - - -

{ % of control )

o i

a0 1 | 1 L | { | | 1 1 i

C 004 012 0.40 £ 0.0t 012 o.40 {ppm) € 0.8 032 .40 (ppm)
"DZ Contentration

2 40, ACO,0%F{b )
Fig. 2 Changes of 40, and ACO, in rais exposed to NO, at concentrations of 0.

04, 0.12 and 0.40 ppm for 3, 6 and 9 months, Values show relative change {%
of control).

3. M¥HEER

EHERRVBTPS 0 O, WRERFHL, WL 100% e L THNHNELLERLZOPE3 T
H5, 3HFHBED 0.04 RV 012 ppm B TIINEEE L HEL TEAWE (23~38%) &R L7124,
040 ppm BETIINHEHOM B R EBWERTR L, 72, O, HEER, 3, 6, 9 »BEEE -
31 IRBIMOER H > TS {25 AMNH o755, 0.04 ppm R 0.12 ppm BTN
BInksnEEETRL, 040ppm TR I AMESE - ZRRICEEZEL 7,

1 =

JEtHE 5T ABREHEEER 08 ppm OA4 V' TAREBE B THEHL 1+ s LI H
a0 514k 2, ERNO, ZBELE-YABTRCEWT, BEHENEIILEZr LI HED L
2, LaLihs0HERVWTIRLEENSERECOBRTH D, SROMED & 5 1w HERMRIE
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0, Consumption
2

{ 3 of control }

80 1

! 1 L
T 00 0,17 0.0 {ppal
HO, Concentration

3 BREEROREL

Fig. 3 Changes of O, consumption in rats exposed to NQ, at concentrations of 0.
04, 0.12 and 0.40 ppm for 3,6 and 9 months, Values show relative change (%
of control).

ETH5004ppm3, 6 KUY ﬁﬁﬁaﬁ%ﬁbzHu:f@%?ﬁﬁﬂwiﬁﬁw% EwuHHEEREhTY
v, i, EERBRERIZ, BB v L0 whole body ¥ L TOMREER,A»SHBELELOT
H5H56, NO, BRCLA2MBEEL W BEHE2BRIELF L BERNOEERLTWLEELI N
2, £I57T, 0.04ppm 9 H AMBBETH, FWEENLFEELZLTLEIVEQLI2BOSATWLE
Wi, Lizhio T, 0.04 ppm 9 2 AR BOZERIZ DV TROBEAHRE L oo e ER: L
NEEBTEZD ZEMNTEL ), LOLRR o FRERBEROL S BB THED 38 % L w3 #i0
i, FRAMOE»SEZ DL AETEZHETHALELLILLTES, Hb, D0, 1T~ T
EHEAORBCHEA SN L ERLZ L2 ) HELOBBELLE L T2EECHEBY L Tha10 2
Lk s, —7, holRid, SRAToRRASEHEEsAS LRSS, b Todk
BTORERVEECEBERGEZRELY 20 LT w3 THENSHEE 2 i, SBE8TER IR
RBELTHBINIMERA KDL LR ETHEE L ELONE, £, BEHBREOBME
5, 3, 6 RUILAMBREL VLI ) CEBBMOER I #E-> THA LY, & TR, BREBE
HEHBIVERTOAPFRENRE( P SO NBEHBENASVY L bl Ting, L
w0 T, AEBERE, NO, BB LZEEOEE» I TREL, ERCILERPLERTA L
BEBETHEILERLTWES,

$72, 04 ppm 9 L ARE T, BEBEOMARHERINHEB LB L TET LR, LHLIO
DR D 40, R UF A4CO, EMOMER %L, BERERIMFHEO VANV ERBETH 1, 2
n5DHER, 04ppm @ NQ, 9 »AMER 7 v b TOFIRMY Pac, DEERETY, KU,
50, MEF LAY & ORBENMRE L L/ T 5 L, BEZHOHERERLIIH - T, B 3 Pao,
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BFEEISAZTABETL, WbRINAFELI TR LD AL T LOERRYEC
Fofe@ipd Livy,

WTFRIZLTH, NO, BE - BEHEOMREIEELMRETHI2 b E 3 22T, SHRERY
AHHVEBEVAALTOL D F#ACENSLETH2 L E2 0N, I ZERLFEES
BOBT < SMEO -2 LTEETHD LB,
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Hypoxemia of Rats E)Eposed to Nitrogen Dioxide

#A BeF OE— - BEE B
Akira K. SUZUKI:, Hirokazu TSUBONE?! and Masaru SAGAT!

g =

CEEEFE (NO,) BB ORI pHa, Paco, KU Pao, KRZTRHELHOIIT
iz, Fu 2004, 012, 04ppm D NO, # 3, 6, 9, 18 » AEEGNICER L,
OREHR), MBEHE(RR), O~/ 2 (Hb), ¥R pHa, Paco, R Pao, %,
ERW L HBEMI OLTHIELS, Hb RBEH LN L oMt K E 2T RiIFED
BHAN D, 0.4 ppm BMED RR BHBHO 4~6% b TNl 2858 2ET
oot HR 1, 012 ppm, 67 AMSBRO 5 v  THEEES Licds, 04 ppm @ NO,
18 A2 it AR EML 2, 0dppm @ NO, 12 5-18 » AMBEL 27 » b OEIER
1fil Pao, RAWEEE L DEREET LR,

Abstract . - ,

To clarify the effects of chronic exposure to nitrogen dioxide (sz) on arterial blood
pHa, Paco, and Pao,, rats were exposed continuously to NO, at conceritration of 0.04, 0.12
and 0.4 ppm for 3, 6, 9 and 18 months. Heart rate(HR), respiratory rate (RR), blcod
hemoglobin (Hb), arterial blood pHa, Paco, and Pao, ware measured for exposed and
control. HR of rats exposed to 0.12 ppm for 6 menths was significantly lower than that of
control but HR of rats exposed 1o 0.4 ppm NGO, for 18 months was significantly increaced.
RR of rats exposed to 0.4 ppm was increased to 104-106 % of the control without significant
ditference. Blood Hb also did not show significant difference between exposed and control
rats. On the other hand, arterial blood Pao, was significantly lower in rats exposed to 0.4
ppm for 9 and 18 months than in the contrel rats.

gLz
M, AF—TNNTAY—FTHE NEHRALLERKC L-T, RASKATHRIEER

1. ENAEFEF BEAEIE T 305 FEEREISEIENE)] 16 F 2
The National Institute for Environmental Studies, Basic Medical Sciences Division, Yatabe-machi, Tsukuba.
Ibaraki 305, Japan.
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#A& BHe-m B BR+F B

(NQ,, 11.1-599ppm) 7 v b OMLE, K, 2OMOBETCTH2nicAEL, HENEEH
RHHaR D Z EAHELHITENLD, BH 5, 40ppmdONO, % = 7 A W 2HFHRE & € o1
O NO,” & NO;~ 238809 2 2 L 2 B8 L7, $5ASY EH5Y 1, 20-40 ppm O NO, % 1-2 B
FREL:7 v L ORELEEFRR 2R, NO, BB 7 v F OLUIERER I HRMEE L TH
3 2vREE 2 R L 7o, Kaya 59 13 4, 10 53142 20 ppm> NO, % 1~10 HERE L5 v b
OARMBEORRIET 5 2 L2 HELT,

IHEDEIRIL, MA S NO, B ERICEE T T 4200 L, RS EHENE 5 b E/H
BOREES 2 Tua 20 THEL, HOBEB L EEERIZLTHEZEERLT S,

—%, NO, DF—RIRHIREHIFRE TH D NO, SHRER B HEL® RURENRL
EL o7 Z ERBRHMOEY TH L. HKSY i, 5ppm O NO, » U BEEBL LY AT
DA AFAROFALLE VW O, & CO, OARBAIEL 72 2 &, KTF10-20 ppm  NO, % 24 BSRIEH
Lizw v ADRTON AZEOME| » FRABHOE I ERE L 2o T o DBEER, NO, DEES
m#& pH/# A 53HE (Paco,, Pao,) R ETHERESRLTWS,

BRI B T, BREY LD NO, RERESEERM pH/ % 2 37F (Paco,, Pao,) & R&ig
THEZ ODWTRET A/5I, 0.04, 012, 04ppm D NO, 23, 6, 9 RV I8 »AMER L7 v
O (HR), FPRE (RR), MM~ 7 ot (Hb), @8R pHa, Paco, K Uf Pao, 2D
THETL 7z, '

wEe FiE

o2+ Ao Jol: Wistar 7 v M 3AKERTHERA SN, SEPEE L LTROE cHEX%EH
HieE A, 7 v &, HF50 ERSOAEEDOF » >/ — P (5T 2.3 m?) T 0.04, 0,12, 0.4 ppm
DNO; i3, 6, SEUISFMBEL:, NO, ) »F—FRrrhoigdh, Frr9—K
ABHICEMBREREE (MARTHE Fi) KL THPBECHR a1, NENOBME, NO,
ZBLAUAET, BHEELGTERB N Fv o 3—HONQ, BES, YiLidvEr R
FHOSREBILY 728 (Thermoelectron NOy analyzer ¥ MonitorLab, ML-8440 ES) ks
BICE = — L7, $7EE%S 51 1C A% L THINEE® 5010 % LI #R L,

BRI OBPImIE, #1244 >~ (Lidcain hydrochloride, BRZFED) BEIHRBRT T~/ ¥ (F
JERiE) #eiEd (400 unit/0.2 ml/head), ABRENRY S 1ml OF 4 A #F 7L EHETITHON, B
ki pHa, Paco. K * Pao, #IM# pH/# A 53138 (Corning 168, Medfield) TF &% oI fllE L
7o MIEAEZ 2 BIZEEERE (CN-MetHb) 1ok b, ~EF0EYTFA M+ b (FIRH
) 2HELTHEL

L (HR) ZERIIFERC L 2 LER» S HE L,

FER% (RR) @E F 5 ¥ A Y 2—4— (TOYODA, PD-104-0.1F, TOYOTA) 3% i/ | I
B g S L1z,
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NO, RS8R 7 v b O BB FRME

BB LNBEEOFEOEDRINEESRAF 2 —FT Y DI FTAMII-oTRESH, D
B2 0.05 £ D KDIFSHEE T v 2 HIRL 1=,

w R

1. @#a¥ (HR/10®) oxit

LEEPAFELL I0BEY-00 HROZELEFR 1SR L, CORERLE L 31, OIEE
ENMERE L 8L T, 012 ppm 6 » AMBRB TERELZBRY £R L, #iZ 0.4 ppm 18» AHBHE CH
BomhinerL iz,

# LTI 1S3 01
Table 1 Change of heart rate (HR/10 sec)

Exposed period NO, concentration
(Month) Cantrol 0.04 012 0.40
3 B37+1.8 §2.8+20 83025 86.2£39
83.0+2.1 813422 80.0+2.1 80.0+33
79.84+2.3 78.8+1.1 78I+ 1.7 820+ 1.0
18 76.4+1.0 T2.2+58 794+29 BO.2-41.8**

Data are expressed as mean + SD of 6 subjects, *p<0.05 **p<0.01

2. M (RR/10#) o4t
IR S iR S B L 10 %70 o RR L2 %-2 127 L7, RR 2, 0.4 ppm SHEH
TR L R L T 4~6 Y oRIMER S R L -3 BRI Tk e o7z, 72, 0.04 ppm & 0.

# 2 rpREoOZEL
Table 2° Change of respiratory rate (RR/10 sec)

Exposed period NO, concentration
{Month) Control 0.04 0.12 0.40
3 15.5+0.5 15820 158+1.8 16.5+0.8
20.7+0.9 19.5+1.5 200412 21.5+238
144+23 14.8+20 147+ 1.5 151427
18 148+ 1.6 146423 14.5+2.3 15.7+£29

Data are expressed as mean = SD of 6 subjects.
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12ppm BEH T 2~5 % DOMBERLLY, WFNORBFMCBLITLBERELRELZRED -

2o

3. IH~ESRAEX (Hb) DEIL
EFNE BT LEN2BROEREFTHS Hb OELEFEI R, Hbid, MEEELEL T
2~5 B OBEE TR LS, WTFhoORBEHMsw TLEEERRD ShehoTe,

= 3 Mmp~=sorroiil

Table 3 Change of bloed hemoglobin

Exposed period

NO, concentration

{Month) control 0.04 0.12 0.40
3 15.8+0.8 15.2+0.5 16.1+0.9 16.1+0.6
6 15.7+04 151+0.3 16.2+04 16.3+0.3
9 15.7+0.4 15.1+£0.3 16.2+0.4 16.1+0.3
18 146+23 15.4=0.8 14.8+0.13 14.643.2
Data are expressed as mean + SD of 6 subjects, gm/100 ml.
IM 6 M 9 M 18 M
?.40 T T L T l l L T T l l ¥ ¥ ¥ _!—j j—'l T T ) j
120l T S - .
o [ 7
g 40 .
£ b .
120 [ ]
1ot 1
z
E ool Nt p it T,
= . ¥ 2 3¢
g T 7
* 80
SEPEETEEPE IR I SRR )
3 g °e g g ° 3 22 <2 2 2
o o o S e o c o o c o o

NG2 concentration

1 NO, B2Zic X 28ifIM pHa, Paco. & Pao, DE1L
Changes of arterial blood pHa, Paco, and Pao, in rat exposed to nitrogen

Fig. |

dioxide

Plot with bars represent mean + SD of 5-6 subjects, * p<<0.05, % * p<O.

ol.
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4. BhiRm pH, Paco,B U Pao, oE{L

BRI pH/ A A 431 (Paco,, Pao,) DELER 1RLA, 3»AH, 6 »AMBETIR, X
BELHB LU~ Y OB ERD R ThORERCBLTLERRER R 2 o7, LdL,
Paod, 90 AMBEO 0.4 ppm BEHR V18 1 AMESEO 0.4 ppm HETHBOK WO Y IETL
BESEST LY, £72, 18 2 ARIRE® 0.12 ppm HCIE Paco, DEBELZETFTHED 517z, pHa
BOTFhORBHMRVRERECEVTOREREETI AN o7,

¥ B

KQGHRATAD—FETH 5 NO, DEIRFEE Y &, NO, PFRUGRICH U, BEEEHELS £ O
BENELESISRI T I BREENT V5, HRBFEEERIBE, WTOFAZEHE
= s h, ERRBETREESEEIL, S5 IEBY A (CO)DERHIZL 2> Thh® 2 RS
AP Z EpflshTwd, 2 LT, TOREIMES 2O & - THIIT &, %12 Pao,
DOELIIINRE, E5M, ML FOBE2HEICRK®RT I b Tweb, NO, DE—IKIER
RS EREETH D, FHBEO NO, REEHRBOHFER, B Lrs LT 3o s
THY, NO, ZRELEIRMBEFESESET S5 2 £k, T, Nieding 5% {t b, 5ppm,
15 £ R %E), Freeman 27(5 v |, T4 15 ppm, £iESH), Davidson 577 (7 4%, 8-12 ppm,
A HAMRE), 8RS (FZ v b, 4ppm, I>FMERE™, 7 v b, 04ppm, 9 AERE)
FoTHEEN TS, S, EXESZ L VEERE, RIAMO NO, 2B B4, MR pH/F A
SFECDOTRNLLZRTH 208, RERER» S S o2 & 51, Pac: i, 0.4 ppm © NO, £
BOBIUV I8 AMBERETE b KB L TR CEES R L, L Ladts, 012
ppm #D Pao, GRBErERLT IS LBRBEBLILERLETN T2 e Radot, 2D &
12, NO, RE iz 517 3 Pao, £/ET 2+ 2BfEiZ 0.4 ppm & 0.12 ppm ORI H 5 2 & pEREE 75 o
Tro EHIERD SOWMEREFT S L, NO, BE T L 2 Pac, DIETR, 3 »AMSKE L 4ppm
P, -8 »RERB TR 04ppm LLEDRBBE TR D 2 AR Eni, 72, 6-9 0 AMIC,
Pao, #{EF & ¢ 2 0.4-4 ppm & NO, HEMH 2 = LpvFl s bz,

EZAT, Pay B2 2BEEL LT, ER, BERFIC L 2704 ) MfE, FIRERBEGEE
T, PHEHEERESE L oN 2 5, NO, REOHS, Pao, CETOTERMRELUSHEBZTOD
HERAHICKD S Z 28 TEZO2E LiLAw, IR i, #ifkM Pao, 0ET (hypoxemia, L&
FIE) OFEEE LT DIRSEBERSE (Pac,) OET, 2iSEEZE ST @ IEE T hypoxemia @
HENBLDITKAIL, )% S5, a)fi~EY v b, DILRES IS, WEBEENRELET 2
BE L LTOME, MERTROEEY, OF AKLEH, OfhEsi, @hnko~ts oy
VRERETF TV, AERCB T, MEERO—-EML L2 LRI OEEE & B L T 04
ppm, 187 BB CHELEINER L2, %72, AARE L ZH 2 E%% b DIFEEI 0.4 ppm #
THER AL ThFPcEIMER 2R L2, 202 L1 Pac, DEEZETH 2 il {ETIER
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PEENOLEZEBRELHBL CHBRKE2 NS €5 O W HERECL s ¥ T 5 it
ARLTWa, &, BAZEEL TH L HBMORFEOEETHS Hb 2, AZEBIz BT, LT
NOFEMHME, RBBE s TLAEREZED T, 261, NO, REiZH13 5 MetHb &
U'NOHb DAER™ it, 4O Hb B9 672 LERTEZREYRWOT, Pao, DETERE
EioNRV, WTFRIILTY, ERL 7 HR, RR, Hb OZE{bh & HAEE TO Pao, DETOHE
Weaadd i hEENERERAWETI CEESTHS,

—¥, BBEH > IEPHNOSEERICBVT, 7 v N CHES AZTHREROKD?, i
TR & 20X — YY) 7 —ORRNE? R UM S E S NEERRAE 8, L THISEX LEORE
K2 PREPEANCRREE N T2, BT, A LAY 2 05ppm @ NO, 25 v FcBEBL, 8
SRR 2-19 » AMEBEH T RMEOEA L A L BREAREBRE L, 72, 20 %Ki,
EH M T KR 0> pinocytotic vesicles DFER LB E, A LFRICIBECEREY, 6 0 BBICIE
BECEE: AAMEEER: 0RO ERD, IR 9 »ER L TVwE 2k
B, MELT, £/, Mde™ i, 04ppm @ NO, % 9 pAMRBLEZ v 1 T, RENCIEE
2T, EEMCLELEBETCES 2w L, RV 1S ABSE T LENcEL 2D
fpvadl, EEEANCE, TRICE - THifREOMEOTA L TR EEMRO S £ SEOEARL PRED
ZleER@ED, &5, BEFEHAGEE» S, 04ppm 8 18 0 HMEB 8w T EShIEED
BANER R BE L, B LAY, RUMTh o OFfR2ZE T IE, HHEE, ¥ ATREROR
&, MEMEEOEREOELL Lo RENOER 2 2 ERIZ 517 5 Pao, DETO—EHLE
AHTELTELRD,

F72, NO, LA BREESE T 24 VBB s TR CoBRNEROIICET 53R
&3 215D, NO, BBESEBCBWT HEHORES 21H 20T, il CRENESINT 278
HbHY 2B, 5%, HBHLIVWIBETOBREHEELIRFL T ILENHLEELS,
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Effects of Long-Term Exposure of Nitrogen Dioxide on Rats

—Lipid Peroxidation as Measured by Ethane Exhalation in Breath Gases—

ik A - TSR - NAREESL
Masaru SAGAT, Takamichi ICHINOSE! and Takahiro KOBAY ASHI!

2 5]

EE 2, 520 0.04 ppm, 0.4 ppm R 1F 4 ppm D{EEE NO, RHSE I & - TEELS
Bl 7: 2w i EY 0FERMSEET 2 2 - 2 EAENE L TiITb I,

8BS Jol;: Wistar Hf#2 w + % 0.04 ppm, 0.12 ppm H U 04 ppm NO, 2 651, 9
AR I8 HAMEEREL, i vive OBBIEEEEORBEL LIESETOLY &
Ay F e OPEET o, L7 OEEIR 6 PHREOESTIX 04ppm NO, HTOAE
FcHEML. 90 AE 18 »ARBEOESIZIE 0.04 ppm, 0.12 ppm R 1F 0.4 ppm D F T
OFBUHTHEKEIIL T, Ths RIGKERE NO: 0RBBIE O EFIZ SR T
L, 2 NO, OBRBHMEOER O THEMLTED, £oHE LH—-Ea2RL., B
HCEHRENER SR,

Wiz, NO, BB L 2 BREBEERMNSMOESICL > TRE 20 EI0EFALE
B, higric k- TEBIGEESENT 2 T s RED LR, NO, BB L - TinsEy
MiE S EBEEBEELENF W IEREEs s, T, B0 NO, BE+
wHEEG NO, K BE 2 h@B i hTway, Z0@B/Lsn-AEsERLE I
o THRPLY »SEML s RN SR U, TOBER, SO
NO, BRRECHKELTERL, 0.4 ppm BETHEROK 50 % OiNeRL T, L
L, COBBLANLEREI~BI RO > AHS 18 AMBRS €T LIRS
Py R AEEOBS 2 BRI Lk, BEftshEED Ly v EELR
FrEBuRpohihol,

Abstract
This research was conducted to confirm reproducibility of the previous result, in which

1. ENAETER BUEAWI T 3I05 FHESKES DR 165 2
The National Institute for Environmental Studies, Basic Medical Sciences Division, Yatabe-machi, Tsukuba,
Ibaraki 305,Japan.
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lipid peroxidation was increased significantly even in exposure to low levels, such as 0.4 ppm
and 0.04 ppm nitrogen dioxide (NO,).

Jel (®): Wistar male rats of 8 weeks-old were exposed continuously to 0.04, 0.12 and 0.
4 ppm NOQ, for 6, 9 and 18 months, respectively, and the amounts of ethane and pentane in
breath gases as indices of in vivo lipid peroxidation were measured. Ethane evolution of rats
exposed to NQ, for 6 months increased significantly only in 0.4 ppm group, and ethane
evolution of rats exposed for 9 and 18 months increased significantly in all groups examined
of 0.04, 0.12 and 0.4 ppm NO,. The increment was dependent on exposure time and on
exposure concentrations. These results are in complete agreement with the previous results.

The amounts of ethane produced by NO, exposure for six months were examined using
young and old rats, and ethane exhalation in old rats was greater than that in young rats.
The increment of ethane exhalation in old rats was due to aging effect.

In order to examine the effect of the diets oxidized by NO, on ethane exhalation, the diets
were expased to NO, of each concentration for 3-4 days and supplied to rats in control room.
The diets were exchanged twice per week. Ethane exhalation of rats fed the NO,-exposed
diets for 18 months was not different from that of rats fed the control diets. This result shows
that the increased amount of ethane exhalation is due to in vivo lipid peroxidation by NO,,
but not to the NO,-exposed diets.

Lz ‘

BRI EE NO, OEHIREEIC X VI B\ TBRBRLIEE B0+ 2 2 L it Thomas 52, ¥
HorOHRELTwa, £, FELHR IOBBREEIERP Ly »BTHE L B3, 0.04~0.
dppm O £ 5 5D TERBEOHESTL S 0AULORMBEC L > THMT 3 Z L 2EBEL
7zl

SN BT 3 AREEO ERIZELCEREL, RS, BRE, BERE, g, KRBE
MBED 2 Wik @Bk PR REBROBE A 0N, BEERRUVEREY EorsFESA T
20, TOBMIISEEEFNTY Vv EREE £ RIG L TRHEOREEL, MM, v
FURFNEVOHBEZ LS OEENSCERL, BEESBS K IMEEE P ERBERE T,
OGRS, BEBREES 5> WIBRIEBEEOARBRTET LI 7Y -7 VAL EER E RIS L TR
RERPERIT I o dbWEINTRS,

AL AHRE L7 0.04~04 ppm NO, OEMHER L > TABLEES ML L5 #
EOHEHRELEET 2 AT, »OMTORE BRI NHOEEI DL T LA,

A
HERIZiE 8384 Jol: Wistar REEZ v + % Fuv», 0.04 ppm, 0.12 ppm &1 0.4 ppm NO, % #kt
62H, 9PARVISHACRERE 2T o1, Sy bMINVF LT e TA4 ¥ —RAyva =9
(365 Wx280 Dx220 H, (mm))ORTEMTORFTTCHE L, &8, 18»ARBOBSEE
MHEAELEDE, IPARBRTRATL Y —YYD AR THETF LA, NO, BBIRAT ~
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NO, REIRRE 7 v  OISHIRRT

VRACAF— e 5 ARF ¥ ov— (1500 WX 1550 DX 1000 H, (mm)) PTEEHY DL I fTo
2o T ‘/z\*_—PWE':ﬁbi 5545 Y sl A fL, SRR 14 SRS, 10EBESE L, v B8
A ) vy B KK 3 MF BRI 2BE L TEL, RFEPRLVBREL TRRRIRKa E,

In vivo DIEEAB(LOIREE L TORGER Ty v Ly 5w OHEGEREY CiE -7,

NO, w BB s /- FARFORER{IEE (TBA ) OfIER, A EE B L THroH#PT
MFEC A ETEY SRL, FolchOFEY Lif-THRE2MHEL, —BERIATTERL T
HXF /—NICHER L, Ohkawa 5O FEWICE> T TBA R %#1TV#IE i Ex—515nm, Em
—553 nm DENHE £IT o7z,

B Y B Peroxidizability Index (PI) OFFERBEMOBEEY & Menzel DFFEIC
o TiTo 12,

HBREBIUESE

BBE NO, DEHEF T L - TEFENOBRIEESEMNL LI ZORE OFHE LR
~BEBIZ, v hE, 004, 012K 04ppm @ NO, i 6, I RV 1B BB LERTOLS
v g vERREL

2.5F

PeLOUTA%)

Ethone Exholotion {p moies/100g B.W. /min)

Noa concentration { ppm )

1 0.04 ppm, 0.12 ppm ¥ X U5 0.4 ppm, NO, &2 6,9 # X U 18 F R
BRELLZ v P ONRRey vELR

Fig. 1 Ethane exhalation in expired gases of rats exposed continuously to 0.04,
0.12 and 0.4 ppm nitrogen dioxide for 6,9 and 18§ mounths.
®, 6 months: [ ], 9 months; ), 18 months ; ’
* p<0.05; % % p<00l; ** % p<0.001:

— 239 —



AR B - TR - iR G

1Ly v EEORREYTRLTL6IRVFIBEHENO, B Ly VEERNO, DEE
BEDOEITKTE L CTHEIL, »2 NO, OSBBMOERICONTHEIIL THED, EO®WE LB
THEULBESE N, NEFL OB TEEREMERE SN LR 6 »ERBOBEER
04ppM FDAHTH TN IRV 18 » ARE OB 004 ppm FHE F LT AT D NO, BEET
BEREaRMMED s, —7H, vy VEE (K2) i3 04ppm NO, @ 18 » F RBEETHEEMT 3
BAERL TOEHEEZRES oY, 20RO T ATORTLNBEOLALVIZLEE 57,

._ — —
= o =
——————

[
0o

Pentane Exhalation
{ p moles/100g B,W/min )

-
U
r
-

1 1

o
o o

0 0.04 0.12 0.4

N02 Concentration ( ppm }

2 0.04 ppm,0.12 ppm B X UF 0.4 ppm NO, 12& 46,9 5 X U 18 » HlEE &
BLTy b OEERhr Y VEER

Fig. 2 Pentane exhalation in expired gases of rats exposed continucusly to (.04,
0.12 and 0.4 ppm nitrogen dioxide for 6,9 and 18 months.
@. 6 menths; [, 9 months; O, 18 months :

Wiz, —MCARERYEC LD EFEPEEI—-EOAT R EMew o TEIBERS L
HEE HLOT, NO, BEC L 2B EIBEER L MNQC L > THEINT 20 5 58~
A, E—oy FOEMERCTISK X 2BERFA, EBIL THASTBALL? v M2 B EE
whliF, 4FT 8 ENTE 5, MEER, 0.04, 012 XU 04 ppm NO, L 6 »FHAKHEL -7 v OE
£BEFAE L, CO% Young rat BEL T2, H &0 4 8% SPF (Specific Pathogen Free)
VAN R EETC I EMAT L b L, MERBEELARC e AN, FBEO NO,
WRE Odrat#) LT oz VEERBPHEL:, COBREREIRLL, AT
SR L7 Young rat QMK 1 O 6 » ARBEROELRL T, IR L T Old rat it 0.12
ppm BETEERREL TV, ZOMOB T Young rat HOEL W EFEV LV AAT, FITHE
LEEem L Tl lOBREIMEE >0 TABEESEMNT 2 £ wd 2L 2RL TRV S,
NO, BBt > T, BINSESMAEWET L D BEARLEEILYTLLELI I LETT LD

— 240 —



NO, REERR > v + O IEHHERL

TRZt o, L3, TP VELED O rat BT 3 Young rat 5o HER i3 S EEEEC 1126,
0.04 ppm BT 1.084, 04 ppm BT 1037 =% 0 NO,SBEEFOMIMIC > 7T [Oldrat O x ¥ >
ELB/Youngrat O T8 VEAR]ZOEFEMETFTL TV LD, LuTE2E, MET v
FEEVI YLD LN, BB IERLEEOEERE Y TonRBEHL LELLZ I K
H kS,

20k

=} L

T ¢

o=

5=

—

€ = 15

W o

=

g

=

F=3H r

g

[=%

~ L0r
r
(I f 1 L X
07 o 0,12 Ol

N0, concentration ( ppm )

3 004ppm, 012 ppm B LV 04 ppm NO, = 6 HhEIEERB LT v + O
WG ¥ oA ERDERIC L 3R

Fig. 3 Age-dependent differences of ethane exhalation in expired gases of rats
exposed continuously to 0.04, 0.12 and 0.4 ppm nitrogen dioxide for 6
months

@, 6 months-old rats (Young rat) ; O, 20 months-old rats (Old rat).

4 1 v irof) YBEREOARLEEEE (P DFL
Table 1 Changes of Peroxidizability Index (PI) in phospholipids of rat lungs.

Exposed Period

10 NO, (Age) Control 0.04 ppm NO, 0.4 ppm NO,
9 month .
(11 month} 62.54 62.09 61.99
[8month
(20 month) 62.09 61.15 59.95
27 month
(29 month) 55.00 52.65 51.42

PI= (% monoencic acid X0.025)4+(% dienoic acid X 1}-+(% trienoic acid X 2)+(% tetraenoic acid X4)+(%
pentaenoic acid X 6)+ (% hexaenoic acid X 8)
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TITWIT, NO, R L 228 v EEORNRMOELICETS LD ERELT, Moy VIR
Bho RO RNEREREY » S EERB O - D 2+ 3 %57 Peroxidizability Index (PI)
FHELE LT L, 20ER, 9, BRU »EMSBHEMEL L, SRE»S 0.04 ppm B, 0.4
ppm i & NO, BED LA #w PHERET L, [BEABLER I 0T o wRIHEER 2> Tw
f2o E 7z, MEERE, 0.04 ppm B U 0.4 ppm BN TIMSIC L 3 LE A2 &, 4o T PIED
BETEEFLL, MSCONTHEEAMEREIN T 252 e 2RB LT\, £, 0.04 ppm
NO, D 9 » ABRBREO PI{E(62.09) i BEO 20 »H47 v FOPIHELHL <, %512 0.4 ppm
NO, 9 ARBED PI{EIZ 004 ppm NO, * 18 2 EHEBEL A5 20 »ES) D PIELE
BOEERL TV, 2O DS NO, BBRIIMSZEET2HESHLEFLI D LAHES
L, LOLEXNS, FEEBEDOEI VLT 22 RTHEL LT, BHEEY 1 v ER/PI
EDBE{AweRTWAY &, ALY NO, BB >N THEERRESEI D I6 koT
VEBPEIPRESIVESBEBY OIS RELERIL T 22 RARLTREERZ I & E
b s FSEROMFTHFEETHL,

EoigERs» 5, 0.04ppm £ 3 EH TERBEDO NO, T ILELLORBREIC L > T8
MEEEOEERSETECHINT 3 05 CEOBEHMSEREN, -, SR LEEOARI
Young rat & Old rat Do MIEEE LD H NO, 0BRBEIR L 0B KET 3 2 L TH
dh, S5 NORBRINSEEET ARV AR,

Rz, NO, 2Bk 2lEERR (L OMINIE ' NO.SEROBY IHAEH NO,LEE 2 A Tl
fLanz b DEBIL Tz, Z ek 2 WEEESE R o5, BE, K6 ARLISE» %
GLRZ v bTEH5BOME TRREEESENT 2 2 LeREL TV 2, Z0K, BRRLEE
PR LHMNT 5 0ORBBTH U 18 ST, AR T L2 (5TH 7, 2 OMOIESETIZE
LARED P EWD, £2T, FEBIBSL T BB IA-AEOBERAS A,
F R —H{OFy bAERL TR B CHER (3~4 H) NO, k8F s nr-fakls SPF v
SNDBBREAFTECRLTI Y M I8 ABS2 860y VEER R, B8, B
sl 3~ H D L RO L Tz, F2 4 BESBEO NO, kBB hi 8- d0
TBA {# &= 3K & U 0.4 ppm NO, e BB a - SR 2 E5 18 HERLA T v P ORGH
FrBERERLIEEPO TBA Eif NO,RBEEIZEEFEL THMNL, 0.4 ppm NO.REHFE T
FR LS L Ty, LinLadds, BRPLy v OELERNBEOHS L2 Bk
Botr, ZOERLED, STEHE NO, R L THED ICBME S T i a5 VA
BIE L A P EEN Tl T SR AR,

MUEDEBHER LD, 0.0dppm 25 04 ppm D L 3 28D TEEEO NO, THEBHBORY
Ll > TBRBBEREECEINL, 20N EtanmAN2EBNLLIE20T
Fhwl P p ko,
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NO, BEHZ% 5 v + QI3 EREE

# 2 BEERCETS NO, 2BfMoT S vEEIIRTE
Table 2 Effect of Diets Exposed to NO, on Ethane Exhalation in Chronic Experiment

Conirol 0.04 ppm*NO,”"  0.12 ppm-NO, 04 ppm-NO,
. 25.0+0.8 293422 296412 39.7432
TBA values® (100%) (113%) ' (114%) (153%)
EEE’Q?QSZ:.I 2L £0.15 e e L 2092016

a) nmoles of MDA /g+diet.
b) pmoles of Ethane/100g body wt/min.

53l A X B

1) @A B HERFE (198]): “EMEEFRRHAREO 7 v MR TER, —lEEREME L ot
BHEORNM—. BEUDEHERKERS, 5315, 95-108,

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

3) Sagai, M., T. Ichinose, H. Oda and K. Kubota (1981) : Studies on biochemical effects of nitrogen dioxide. I. Lipid
peroxidation as measured by ethane exhalation of rats exposed to nitrogen dioxide. Lipids, 16, 64-67.

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

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

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

7) AKRER ; ARE—EMEE (1982)  BEHEIRE LKA, EFBERAT.

8y MR B BEEAN Mk BE SRRIIEHE; B 3L (1980). “MLERRMRBO 7 v FCRETEE—F
B v >/ —OREHE— EVOEMARAEREE 155, 149 -158,

9) Sagai, M. and A. L. Tappel (1979): Lipid peroxidation induced by some halomethanes as measured by in vivo
pentane production in the rats. Toxicol. Appl. Pharmacol. 49, 283-291.

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

1) giEs B, AL Tappel (1979): BREBBCOF L 0RIEE L L TOREH ASE, BECEEFR, 3, 1
-8,

12) Folch, J., M. Lees and H. G. Sloamestanley (1965): A simple method for the isolation and purification of total
lipids from animal tissues. J. Biol. Chem., 23, 497-509.

13) Ohkawa, H., N. Qishi and K. Yagi (1979): Assay for lipid peroxides in animal tissues by thiobarbituric acid
reaction. Aral. Biochem., 95, 351-358.

14) AhiERh (1980): “REBRRANBERO 7 v P CRIZTHE, EUaEHRATRHS, ¥ 15, 275-288,

15) Menzel, D. B., (1979): Nutritional needs in environmental intoxication: Vitamin E and air pollution, An

— 243 —



BB « TIREEE . KR

example, Environ. Health Perspective, 29, i05-114,

1¢) Cabral-Anderson, L. J, M. J. Evans and G. Freeman {1977): Effects of NO, on the lungs of aging rats. I,
Morphology, Exp. Mol. Pathol., 27, 353-365.

17) Evans, M. J, L. J. Cabral-Anderson and G. Freeman (1977): Effects of NO, on the lungs of aging rats. 11. Cell
proliferation. Exp. Mol. Pathol., 27, 366-376.

18) RH/IGAE ; EBOESE, AMEE, BERET; F/im2; BEw2; AARE (1980) : 8110 aging BRI
B Z NO, D#EE 20T, 1) A FORERR, # 2 BAEHRESERESHRE 973

19) Korobrust, D. J. and Richard D. Mavis (1979) : Relative susceptibility of microsemes from lung, heart, liver,
kidney, brain and testis to lipid peroxidation. Lipids, 15, 315-322,

200 KERF0979): BEEERS L Er s COME ©F 2w, 53, 563- 567,

— 244 —



EAEWRAITEHE F408 (R-40-'83)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No.49, 1983

m-1
ASERMEOBRATBPERBEEC
RETEEGCHTI»EE

Functional Alterations of Nervous System

Following Inhalatior to Air Pollutants

R
Hirckazu TSUBONE!

£ =

He ORZELGBEORASHERBECS L 28807, BRCHLE s TR
WETLTEEURBHRL, 2SS0, 0, EUNO, R Y OFE AREIME»SER
SO 2 R r b s T IOV TERL 2,

Abstract

A review was performed on the functional alterations of the nervous system when animals
and men were inhaled air pollutants containing various chemical irritants, being based upon
the past refferences reported by many researchers. Especially, the characterestics of airway
reflex mechanisms to such common air potlutants as $O,, O, and NO, were arranged and
discussed in detail.

Lol
EHOARERPEORAZO LERBIL L -7, BEBLERELFOE, SEBERLSLW
BROBENRT 2 2 L 2T T 2MRVEF I 42 o, AR L THERBECER R
WUEEE, BELS, HER BE B HiE Bt roEEERE bECEERE 2
DT, REHRYESERBECS L 2BELTRT L L REETH L, LoLArss, #HE
FEOIAFEENERENC LEHFNCOERETOI D C VERELAALTVWLIED, 7
TOu—FHRIEENEL I b Do T, REFROEREERESFCST 2 20 FHOREZE
FENZBECERINTOHRVONIRRTH 3,

L EIAENSER BEAmL T 305 FRERIES DR 16 % 2
The National Institute for Environmental Studies, Basic Medical Sciences Division, Yatabe-machi, Tsukuba,
[baraki 303, Japan.
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—MRi, BREs o oEmicnT 2eFEN, WEATEARMBEL LS L 1B, SEOMEMNRE
PREMERCHRE (1> R) BEL, BEZANERL LTPRicEL 50, PERAT—E
DUEERTT:0b, BRMCEHNER: LT, £EETUOHMERBCELION2bDEELS
nNTwi, ¥, TR THRBEECLRGER, BUATERE L TPECEYRAEha0
PFEHITH 2, COXIL—HOBHRDE, 74— K3y 7Y RAT030IETHRL, £EO4E
MR LS TEEROTH Y, ARERC—FHENOBEEH L~V B b D RE »
LTELOoNTnE, REFMIBC -7, EEFEXZI 3RS0 S5 AN, SEPR
ORBEERVRERSETFoND, IhoOWBUORBIC L » TRE L 22 AHERE, WaE O
TRAmpRE), =N HE (B VR RUBERE (BXRHE) Kk oT, RO PREINE 2
shd LBbh, FHRBCGT L HOERIEEFEE S SORTRRER, TREERL S
R TRRE R R DR S 2 REOEBMER 2N L TETNE L EI NS,
—ANC Vo T, KRAGEMESHRRCSZ 38BN T U HEB TR, LAY
BEHMAELPSH > Tw BN F ., Lizd-> TARHLME R L 2 R~ OB LRI
B2 E@3BETHRVYS, SEORIJGERESEEO X OMERCERLLT L, FRMF
RAOEROr LI EERIGHE 2 Lokl 20T, KEblss bERZEETL I LI
SHEESER L Bbh 3,
CORETRAREFRYEEMBERLO bbb I D2WT, RXDHR 2 St BEEDOTEESH
DFPSLEL >R LD EMIBIFHHEL, SEONERRCHT 2 ENORM2RAL DO TH B,

1. ZEyEHtE (SO,)

—RENCV T, KRG ESERCERLBES, AEERMEOBEC L -T2*0EL2
TEREMUPER S L E2 50 TEY, EROYORUERT 2D L s TERRICOENF LR
o T2ERBbhd, SO R EKECIERT 2 L DELANIENTS 5, SO, OFERRAL
I o TREHOFED « FlEEH (RHER) OMASEZ 2 2L, © F RUSHEOHLE T
HHREEINTVEY, ZOXIRRIGHRI IMEREOREL L bic, RIEHERED ¥ OO
R E> TR 2D, 2LRGEOHREEQI SR AA AR THEM IO TRER
LA RT3,

Davis, T. R. A.3%i%, TAEy b & fVTARE, WELSELE, SETHLHLUSRE

(intact) @ 4 EFZL T, £ Fh SO, (5ppm, 10 ppm) % FLFEL DHEHI ORAEE LT
vy, MIESREIE R & T 5, SO, TRESMICRA SR intact KB BWT, 7oL A vk
VAT AMTE FOBELERRC, AR, JHEENORA, BFREORE>, sntgorsd, —
Al O ¥ OBE LT ES bh b0l T, REUTOGEIHY 2 |A TR Lk
Ui AT s h oz ki, JOMETH, intact ZEMTHIERT 2 ERBRISHT,
EBOETEELEEPHEEHET L, REOBEAAD AL BEFe EHMRICL2
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bOEEZORTED, SO, & COFEANIEET 2 ZERERBRERRVARECEE T2 L
HEHL T3, 7 intact TEMPTHES WA FEEMOBAE, M L TigEOREK L 2
bOTERE L, BIREERRLE L HUSEORCCERT 2 SR L Tvw 5, RS IERE
4 X EBEME L L7 Frank, N, R5YDHEC &6, THHOFRTEsbZ IR TE
WHIORA N, FIKEOITHYER GO E P OB B8 5 BIECERAUTENERE LTE L
5hb,

—F, HMiKETHT 3 SO, of# L > T, [EXIRCHHET 2 t0oRELHD, 22
T o CHRERLES T 3 REPENEAS L T2, $4bb, Nadel, ] A.5% iZ#HE2 C
PRUF IS0, (b FOEBRTIE 4~6 ppm) FERHBAS ¢, BRAENBESELEZ T
24, EPERIOWTRCLHCEEIESEI S 2, gh0b b TR, WER VRO
BREHLLTIERREL T3, ZOMEORT, 2 20EBRTH FUFE (RE L, BE,
WEAOES) & TREHE (S8 T8, ) 02RBENLTEREFN SO, DBRAETHRELLEL
Tw 328, FUSGE~NORBIC B Tk, 2R RENISHRECK 3.3 &, TASE~OEERIE
TR IS BIEALTWS, 3512, IOIIIRROEB 2 ERERE0ES+H L0, &
FRURIKERT LT b oSS S A 2281 2 BEMER AR (cervical vagosympa-
thetic nerve) DM ERER 2170, MEHHROELEHELTVS, TOERE, £, 2200FH
Lo DPRBC L DREXIBEIEOHEENR I 2L ELTwE, 2O Ed 5, SO,0RAI &
B RE LI, REMEOR BRSBTS L TVA LD ELTED, £,
%2 EE (cough receptor) HHB A h 2R EHEEL T3,

S0, DRAR & 2 FERAIRR Yokoyama, E. 59 i k> TH D SN T 5,6 ADBEREM
FRHRLT, 36-40 ppm D SO: % 10 SEROHCEA S €, BFE, BEOBRKBEARUEBKRT
BWATORFOTRBERELRA2 - HIT, YOIV E Y, ThaP vBE50HREART
W3, BYERSLEZWIES, 84T L k- THEREHRRO S0 %olNe R0l
T, 7o RS L R a i, BRI LA RRIEHOBINGR B T 0 T ERRLT,
ELC0ALEORETEREC L > TRRIEFSH 40 XOWMERT OO0, RRRTHROE
BEENEEEINI I E2ATVE, ZOWETIE Nadel 6084 LRI, [ENREOFELZEE
R R LIS T A AE IR TH B EHHIL T w3,

I kI, SO, DRBEADOEE P IBE, SO K FARECEHT 2 Lo RFRIEE
—ELTWV3, LPLRERGOEUC 2Bl CRERRFZAL D LNORETHZ2 LT3
EZHEMZLECREEBOERTHL ETH 2BV OELHBEET 2L 3 Bbhb, £
THEORB L > THERINIIHNMBRBO TERTHS L BHONTHEI, ZHHEDOR
RO MBI SYECHBOER Lo TEL 2 I EPBLbATWE™, S0, & ¥ EI%E
REEIOER I £ 2 EAREO MBI, 25 L REEROSHYE Y EREEOHEN» 5 24
ELEREIMEA T2 b0 Bbi 3, SO, BN T 2 WMAEERTId, FEADER%# W
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BEROBIHRI2 2 EnHWEIRTHL S, ZOESEL Tid, Fido Davis, T.R. A.5 QI
h&ESh5 XA, “EZ 6 2, (breathholding) 2773 2 &0 d » T, BELZREIBAEHILET
B EWI EAIHOBERB - Tw2 LERT 2 I L b AHTH S, —RENCL o T, AHFRIGEY
HUESETERETEIREL, PORHMRBERTHEL LA T IENTELN, ZOZLRA
MEABH L B2 ERES LT ARERHOEENE» Lo THICERRI LD LD
Bbhz, L, PEREORD « KEXZIUE, SEEESEORY, Ba OREARBICO
DISERIC R T 5 5 5, MRAELZ FOERC L > TROD TRl RE e oo T a3
LEbhB, BREL G L HESEORIETE, TEHSEURITEMEOEENINCL T, K
EMELREE, O L8, OEHEED 2 COEEHSHET 2 3 TnEY 4, 80, L T Iho
DHIRIZZ L v,

2. #v> (0,) RUSE{LES (NO,)

0; = NO, DIRAFEE T2, FREOHEM, —RRSEORIBED 2 L OREL? %0,
W OiEhLE SO,, Formaldehyde, CBMN 7% ¥ B SEERME A 5 N A MERBOHED & i3
MR TH 5,0, & NO I E{ZTHEIC B 1 2 WIEHME <, BRA Sz 0, © NO, SNSRI
TRSECEETLLDEELZ LN TWA, LtHo TINLOYHEOBER~OBEEL L 558,
HE, [ELRUITRE SS90 T 2 WRERAOFASMECL 328, ZhcldsiEadn
(3, '

Lee, L.Y. (1977) » 3 O, % 28 (0.7~12ppm, 2K L4 Riz2wT, ALHEEFTE
AF iy r—a Y VOBRARRET, SHSEBHOELEHEL (w2, O.BBHIRFERER
DWIFRb LAY S YRAKC L 2T, [REHSHAT I, RERISBNOH2EEEEL
EERLI, ER7 ORI VOBRAETIEEASY $ YIRAK & DRSO
Hlansd e, RUKEMREOGE R SHEN T 2 L RECQEIEROENSME s s 2 L &R
Lo SOMETIR O BB L > TREXOBABMENR £ D, ZHEEEMER 2N T 2HFC
FoTRIAZLDEEZ TS, Ll A5 2 vRAK L 2 QHEROBAE, KEZCHE
T 2 Mif#EZESE (lung irritant receptor) OISEHEINC & 5 2 L MEOARE R & - TIEIFEES
PIZ BT, F 72, i) Lee LY. 5913 0, MAIW & 2 HHEEROFER A & =X sz ik
EHRBSEHCTHE LD EEL TS,

0, DREBEW L HPRHRROBEELCEYT 22, ZO®ESH 2, BRI PREEROEEI,
BOEHRL ~NVOBERIC L - TRKELERSNLDT, BEOMET®RE2T 20T, BB
L aEEe{- IRl s wE I Bl EME S, Xintaras, C 5% i3, CORUO; DREWC
LA R R T 2700, Ty PORMEBEBORMER FPREES, S AFREUD
2 ETol. O, BREBOERVLEH—L, $ARENTEI v FOEBHTRERL
B, Tv PRBIEF—EOES Ty —fLRERT 3 X IKETITwE, —EHIZDE,
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REEREIC X 2 iR R EsE oL

BEEOXABICE R <A 702 v 2 a— 8 —TINRESL TH SN BREME S EiR T
LT3, CO Tk 50 ppm, 2 BHORE CHREHMNOEBEPERCE LA bR, TR
VRSN ES — VRO BT EMR T2, 0, TIRCO ERPRR-EBEERTH, 0.
Slppm, | RHHOFKETREA L RH»wEFITEZELE2ROTWE, I0L 3 2HEREMND
RH PR RBEOEF LB U2 hE I i, SHOFHLMRINERERS,

L FHEC L3 0, M3 AW F%HEE Jognson, BL. 59z ko THRREhTws, BB
HEE (1~3ppm) & L Bbl ) OBRFIER (B~235H) # B T35 R HOF v » " —NTHFh
FRBFET2OC-7A% 8 yAEEEL, EB09»HERY 18 v HE CTIME R ULFEREM
OERCE T REL PR RARERE LT Twa, BERIY 7y o2V VI L 23R8
B UPATEET T E T30, 8RB0 97y AETRE( OREH THEN L VEENO N
EENC B 52— —#(14~31LT5 H) B oD & v — 5 —# (3~T775 Hz), 747 7§ (8~13.
TSH2) G DEMBTENT 3, 18 Y BE TREEFO~— & —E@ A0 R UEIE, %
BO7 N7 r S OBINSAE SN T WA, —F, XBAELEEEEE z i CBEENEE
TRERA o TwaY, 0,9 AE TR EENRECERES IS T 2 BHEOBROER L BH
HOEROBREES T4, 2080 2EFERBEMOTLIZ LA Xintaras, C. 5605 v b1z
BT S CHLESE Y, B o, HEEEC BT A EREREEOEING, REW, B
% (non-REM EEAR)'” 2 W REBV AV OETRICHEELTERESNABERTHZY Lk
5, ALy O, BEI & 5 MR EERBEROEB L ~LVOET 2 RET 5 60 L T2 2 &
BHo b bEROISCEDLNES, ORACBLTLASCFlCRENEEN S,

NO, DBA L sfEREIEOE L L cMT 2MREZ L v, NO, OFEH 7 AAREHROW
B &2 WIERMMEOERS 2 R THEEMNAON S, Jh o OHIRITEE R ERABEL
U2BORHEBELSHS T L b - Ve LTOERRIEE Bbh b, NO, DBBEAEREEECEL
THL, TOERE L THEMESHEE T 2 RTS8 T 52, Z0BEYH L, LEH
TLEY b EVHFCENERED NO, 287 AMlicbh - TREEEL, SEOEEEMHR
RREUREEBYHRESRT 2TV 2. ZOED 8 LTy F 4 J 2 8BEL L, 2-3ppm @
NO, #4H 5 &, #6 G, 5 85 Bl b > TEB L HBEOLERE L2 BE L OMTH
BLTw3, Z0B, SEEHE—FORIC 3ppm, 10 ppm 721k 20 ppm @ NO, * GREHS
BL7:35E, 3ppm £ 10 ppm C 4 WP 2PN LMY ALK TEEA SN, EREV 20> B 1Y
2V TiZ 0 ppm DRBEIC L - TRABRZMATESERL L3RR TWE, 2O EE, TR
OEE L HREOH I LIFESRE st vl &, MEETRRBEZREC L - TEL TLE
BoOBYEFRT OO0, ) XAOTBEBERL 2h ol L Tw b, - FRES &L
BEORRGESC L - C, MEOMEEFEET< L 22, WRESHIFEETLHAEL (B,
GETEOHR L oMicER e ElERREc kb sz 2 b h s, BESNLOMETERLY
LHFEMTER TR LI BT W, COWETHEER, Frabty, 7eFraly,
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TRV F I roR5I L2 LIBRORLEEERL, BBl o THEMEREOTTERESTD
bz LTwna,

—%, EE 52903 10 ppm, 20 ppm, 40ppm & Vo EBEO NO, » EHKE:, EREOS v
P 3 E TRR L, EREEFEEC & 6:@%%2‘5&5 L, AR E s A T3, %2 O#E 20 ppm
LI EORB TR RBHBELK 30 4 TE FRIRMHEAL, RuTH 60 ZECEEE vy 7, #
NHEL EOFER L S I PHEOERREI TV v PR~ A —h—2 P OLENEE
B2 EREELE, & OTARROEREEY - -8 # 2 w2, R-Rinterval histogram D##
WTRLEMBOERLER r T BEOSRRSREN TS, BB L > THELZBIRPT
BIRIRBRIZ G REPIIBU A7 o rBEL S N EHIREEMEENIIC L - TIZIFReR
HETZ2ZL45, NO, BB - THEER L CKEEMBOBESEZILLDEE LTS,
FRNO, TREBED, MEBEHICEERA 4 o BLUMEBA A VHBERINZD 2 EHFshTw
B, R4 ERELLEBRTRUVENICELERZE LI LI b2 THEY,
NO, DBAIC L > TE U HRERIGICHT 52 BEMBBEOMEDER L ALHRE P\,
Yokoyama, E2® i3 {27 5 AOEBEHE T NO,4.7~17.6 ppm * L0ARIRA 34, BAFBOSHE
FiGRATwEH, BAL L > TRIBASENTS 22 TmT e b, 7ol rofTES
WEDEEEZFARTHE, 2OKE, 7 oY 285 L EBATH NO, DIRAK & » TRARIER
HEINL, ELB L OB RESZL LI LEDRRTHS,

3. x0finXR[FERME

COETRHHCFEAF 257 b icBhET 2 RIGARE, GHEHIABLUS 2B 20T
~7z\va, Acrolein, Benzene, Formaldehyde, Toluene, Xylene R U BEIESEA A, 5 2@L XD
VR, WIhd ESECH L CEERCERL, BEHEOERZ SR 3 PRITEI2E T2
EDHISRT VLB, O RITF RS TRESMRC L2 2 ea#spicsn sy, B
TERLBRECEXWELE LS50, $PEHOERKHC IREBHEEBOE LR UE S
REOEREESED ¥ a2 2N ONERBEEORBFERORR, FEMEELRO
L 20004 XRMEOMEST2MELR2E T3 nE, LL, ZHHBERCIEY
3 RIGIEPERANSE AT 5 L ZWRDTERO NS LS, BEEEHEEIC & 2 —Heua iR B
L Tit Angell James, J. E.&% QML ERES S 5,

HefbsEA & v v b BEE L T Kane, LE. 5 OFFFEMEANIC D W THifL i v, Propylene, 1
-butene, cis-2-butene, 1, 3-butadiene, #-butane, Ethylene # X tf Ethane 2 #f LT NO, # #h
n3: 10HATREL, ThoEABRE 2T > TRELLF A2 Y7 ARE L TFRNOE
¥ BEL T b, n-butane ¥ & UF Ethane % &  fthd 5 BEHORIAKFE L NO, &R T, 5
SRADEBRRO TR SHBRLFREH OB 2K, FREO 50 %RFHPEL S A AERDOMERE
Propylene>>1, 3-butadiene>>1~butene>> cis-2-butene>Ethylene DETH o7z k129, Z DHI%E
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AABRMEIC L A0k

T, SBA S a—-VERLLYATHEREROBEPHIFED NG 27 2 s, ERERME L
MRBEH2 I L2, ELFRAY =X ARAEORAL Lo BREABM S 2 L2FELTVA,
RO OHEEL XS BT AREHNEOBE 2 2 TFAT - 00EEEL
TERATHZ L 2EAL TV 5, SXMRORBUC & - THFRIEIMNHEZ % 2 L OEZHOIFHEIX
Ulrich, CE.B3 WLk »ThERTWE, Fv POENHEE (1 BERUVE 2825 0) % 100 Hz,
Imsec, 0.1~05ma D&F T TERME LTS &, BRABOM, FFEFHDER 24 5 RO H
OHPRILIERETL, FREDBVELRMEROKE 2  OMICHBRBES S 2 RL
Twa, £, HEEHEMEOE W CBMN 2 v 7 ACRASE 2 &, BHERERIMKMIE Z 54, =
NREXHEETIR L7 A TRIELEAES 5N R BT L ERZNMEEE 1+
B2 QEHTHE, CBMN BOAFERCE > TA VL ANEMT 2 2 L ERLTVW S, &
BetE A A OFEREENC N T 2 R BEIE P RIMOE S 2T 2 BE-RICEFRR, 2OoMBELXEE T 58
BOBRWEE LM T I 0L T, IVIEREEZ I LHTES, Kulle, T]. 5% i
Formaldehyde B Of O, O SFEEIC T 2 REEH 25HE T 5 72012, 7 v bOBROEHE (naso-
palatine nerve) » 5 ERET- T3, EEOBED Formaldehyde B 17 0, % 2 HHRA & #,
O, BETLIAA 7R oIERIFERROR S ZHEF | BIIdE 7 oy T 58, BED
WH R T 2 BE-CEHFESEO I I LERLTWL S, IORE-ICERRE» SHESNS
#{& i, Formaldehyde T 0.25ppm, Qs TiX5.0ppm TH S L LT3, £/, 0.5~2.0ppm D
Formaldehyde (o —ZERMSRE L5 v FOT7T I 72— T 205 R, BEIMOGEY
WEETHE< % 0, Formaldehyde DE O EAICFITL THEVR R 5QEHL T, O, 28
Loy FPTEIMIZT A7 — A 3IEMENEL RS Lo B THREREVWHIR %2
BTwE,

4 8 F

REBRYESTECROEES Nz L E, FOMTd - bMIERT 2, 2R
DEROLLZLIERREFRENLI»ZREDI L RAKERYECI2EhFEL+HEBET I LT
A 2 L@ F R, SOEPROMEE { @i =g LR EMR IR T 2 SEO BN
BRRBAML, FRo50REEIRL s REDREEET 2 8 s TS, R 1 IFRKEUTF
BRER A L THEY, (AR EMELBCEI L BN Ty 2 BB REHRIC
DLTEELLLDOTH2, ROGHEARERCBRORCLEDEO ELEAI 2 TS
i, BRIBEREMEES F v L BT LTEELUEL S 0, SRFEMED
RIBEE S RABCES T 2 MRS A D = A LR LD TOERHHRREFL (IHENTYL
B39, & 7 BRI LU RITE] & BN i & R O IR AR L B o SUEBRRIEGC X B R
K5} (aspiration reflex) SWEREMIEE, 3 7:Jfic 817 5 Hering-Brever inflation reflex (FEZRAD
&) BEOBERLLESIBEENE L > (i ERIZh2FE LD THEASHr IR THE
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£ 1 EBBIUMRBEORECL->TEL2E2ORERE, KEERYESE
FUoAECEYE O R AR

Table I Various reflex patterns caused by stimuli of eye and respiratory organ, and
main stimulus sites of chemical substances containing common air pollutants

STIMULUS SITE AFFERENT NERVE REFLEX PATTERNS SUBSTANCES
eye ’ trigeminal lacrimation, decrease of respi- formaldehyde, acrolein ammo-
ratory rate? nium, PAN!, PBzN?
nose trigeminal sneezing, apnea, MUCUs secre-

tion, bradycardia

nasopharynx trigeminal aspiration reflex, hyperventila- formaldehyde, acrolein, xylene,
glossopharyngeal tion, dilation of larynx, toluene, benzene, CBMN?®,
bronchoconstriction, hyperten- automobile exhausi, photo-
sion chemical oxidants, cigarette
smoke, 80,
larynx rigeminal cough reflex, apnea, closure of
vagus glottis, bradycardia
trachea vAgUS cough reflex
(lower) cough receptor
lung vagus ) )
lung irritant bronchoconstriction, increase O, NO,, cigaretie smoke,
receptor of respiratory rate, inspiratory- various chemical irritants
augmenting reflex
pulmonary Hering-Brever inflation reflex
stretch receptor (inhibition of respiration}
J-receptor apnea and rapid-shallow
breathing, bradycardia, hypo-
tension

l; peroxyacetyl nitrate
2; peroxybenzoyl nitrate
3; o-chlorobenzylidene malononitlile

vig 72 Oy ® NO, DRATHEU D & A DFRFEREOEM, REFER, &5 vidRIRe ¥
TAHEBF L > TR IAEMI DV T H FLEIENBE SN TR,

KEAFERYE =S 0fEL OEPYHOERTMPERAOBREC 2 ERRIGE £ L L T
BE, SO, & kBN E <, BEABEOEW-YE TSR, 20, BEL S0 ESGEICE
BL®T <, Zho0FTORBIC L > THEGZ EO—REREFHREEL 35, B0, ®
NO, 7 EKENE L, HBEREEL 2B EERulETE, ZeRETE, MicREs, 8
HHICERT 3 2 L VBRAOEERIER b 6T eEZ NS, DL RERRYT TIES
HTHEPRRENTETBEY, £ I20, NO, DIRAERTE > 2 A EFKEEL TR, Kl
R B —IRETEIMEIRO E i, 2EOERFNELCHERT 3 ZREHR R v T A E
BTopEnbHseBbhs,

AEBLWE K L 2 EREEOZERERICIEEL 2 WIHECE, ¥ LT LEMERS TR
CRLEREARY, WEROBHAEY L rOMTHELTAD L, HEUSRHD LDDOKRK
FEORESRACEECHEET 2HTFOLH2HEL Y, HEOMTEL (B AHOEETE 2
YR BETER Y, LR IUREORIEC & 2 RESRE L LB, W FORG (7 —
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AREFERMEIC & 5 i RRGEO R L

SENLTEELDTETE L2, LALKH, BER» BB RE b LI LT, £40H
B AN ALREHNCEBT L L TJREC 2 L WIRLERE S, B ot F ~OdEIZ
PBFLOERTER VS, SBLLVBYERSTEC LRSS OF—9y —0EREsh 2 2 Y
Fhs,

WO

FREZAEEFOSUFORAL TV L H, B2 ERERELLLOTHE 2D, BELD
EHMLNMDAIEEBRUBLET, s EEHOBEISECSERTOEE TH- 1020, Bk
NERTE—THohb LAEY A, TOEEDSEROEEN, HEZELED - wEBnE T,
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Changes of Lipid Péroxidation and Antioxidative Protective
Systems in Lungs of Rats Exposed Acutly, Subacutely and
Chronically to Nitrogen Dioxide.

TREE - BB
Takamichi ICHINOSE! and Masaru SAGAI*

' E

NO. DL KRBT DV TISEARE{EOE» &, Wistar RS v 2 HW TR, Bk
BN REER R,

10 ppm NO, 2 B S8 THARLCEEAERRZ 1 98 cH I L2 0% I~ HEHE
MO 2L, L L, TORBETL ~10 BHCHHEB LY ~v~RB o1,
—F, BRI L 2EEL S AEEBHET 5 GSH peroxidase (GPx), GSH reductase
(GR), Glucose-6-phosphate dehydrogenase (G6PD), Superoxide dismutase (SOD),
Disulfide reductase (DSR) FOREREE LB VY F4  (GSH) FRWHECET
TAHUIAE X VMU US, 5~7 HEHIZ i Maximum VoL dBRE T D
VoL R HERR L, BRI E AR & i FRAY 2 inverse relationship 277 L7z 0.4 ppm,
12ppm B dppm NO, D4 A ARBOEARBRBEERTL I »FEHE TRENRHED
W EROEH/ Y — v 2R, 24 BB GEBLIEE I3 FE U2 1R
Lize —HBSHREREESE MR BT L UL ~VIDES R R LEH M
ik 1E D inverse relationship #3858 D 37 o Tz, 0.04 ppm, 0.4 ppm B U 4 ppm NO, D
9, IBRU 2T HRBOEMERIC BT HERT T llE & 5:B8{EIE £ 0.
04 ppm, 9 2 ARBOREE2 S T TWARICHEIEL VENL, 20BN NOBEOR
ctE-T ER L, 0 NORBHROERIC >R THEINL Twi, L L, 4ppm 27
AEBOBERL s v ERRBTLABIL T, CREEEEERT260TIER,
ULAMHEROENELEERT A b0 E L on, REHMOER»S L IO L3HFE
TS,

L EiZAEWRE FEEES T 305 FIRUESITESEARET BRI 16 & 2
The National Institute for Environmental Studies, Basic Medical Sciences Division, Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.
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Abstract

This work was done to clarify the relationship between the changes of lipid peroxidation
and the protective systems in lungs of rats exposed acutely, subacutely and chronically to
nitrogen dioxide (NQ,).

In acute experiment, Jcl: Wistar 8 week-old male rats were exposed continuously to 10
ppm NO, for 2 weeks. Lipid peroxidation, measured by ethane exhalation in the breath of
the rats and by the reaction of thiobarbituric acid (TBA) with lung homogenates, increased
to a maximum at the third day after declined at the first day, and then returned to the initial
level (of day 0).

Activities of glutathione peroxidase (GPx), glutathione reductase (GR), glucose-6-
phosphate dehydrogenase (G6PD), 6-phosphogluconate dehydrogenase (6PGD), disulfide
reductase (DSR), and superoxide dismutase (SOD) in the 105,000 X g supernatant of lung
homogenates were depressed slightly at the first day. Thereafter, they increased significantly
to their maximum levels from the 5th 1o 10th day, and these maximum levels were maintained
until the 14th day. The pattern of change in these protective enzymes was symmetric 1o that
of lipid peroxidation after the 3rd day. The order of the ratio of the increased value to the
initial value was G6PD < DSR < 6PGD < GR < GPx<SOD. The time course of nonprotein
sulfhydryls was similar to that of the protective enzymes. In contrast, the amounts of vitamin
E increased to a maximum at the second day, and then returned to the initial level. The
periodic change of vitamin E was similar to that of lipid peroxidation rather than that of the
protective enzymes.

In subacute experiment, 13 week-old male rats were exposed contiftuously to 0.4, 1.2 and
4 ppm NO, for 1, 2, 4, 8, 12 and 16 weeks. Ethane exhalation increased to a maximum at
the first week, and then returned to near the initial level at the 4th week. Thereafter, it
showed a tendency toward gradual increase, again. TBA reactants in lung homogenates
showed a similar pattern to that of ethane exhalation.

The activities of the antioxidative protective enzymes, i. e., glutathione peroxidase
{GPx), glutathione reductase (GR), glucose-6-phosphate dehydrogenase (G6PD), 6-phospho-
gluconate dehydrogenase (6PGD), superoxide dismutase (SOD) and disulfide reductase
{DSR) increased from the first week, and reached their maximum levels at the 4th week, and
then decreased gradually until the 16th week. The order of the increased ratios against the
control group at the 4th week was G6PD > 6PGD > GR > SOD > DSR > GPx, and the
activities were dose-dependent against nitrogen dioxide levels of 0.4 to 4 ppm each period.
The content of non-protein sulfhydryls reached maximum levels at the 4th week, and the
levels were maintained until the 16th week. The time course of vitamin E was similar to that
of lipid peroxidation as measured by ethane exhalation rather than those of protective

enzymes.

In chronic experiment, 8 week-0ld male rats were exposed continuously to 0.04, 0.4 and
4 ppm NO, for 9, 18 and 27 months. Ethane exhalation increased significantly with 0.04,
0.4 and 4 ppm NO, exposure for 9 and 18 months, and dose-response relationship was clearly
observed. Fthane exhalation of rats exposed 10 0.04 and 0.4 ppm NQ, for 27 months also
increased two folds the control level. On the other hand, ethane exhalation of rats exposed
10 4 ppm NO, for 27 months returned to the control level. Pentane exhalation was not so
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markable. TBA reactanfs in lungs also increased significantly in the 4 ppm NO, groups at
the 9th month, and in the 0.4 and 4 ppm NO, groups at the 18th month,

The activities of glucose-6-phosphate dehydrogenase and glutathione reductase in lungs
of rats exposed 1o 4 ppm NQ, for 9 months were significantly higher than those in the
control. Other enzymes did not show any significant changes at the 9th month. The activities
of glutathione peroxidase and glutathione S-transferase in the 0.4 and 4 ppm NQ, groups at
the 18th monih showed a tendency to decrease below the control. The activities of
superoxide dismutase and disulfide reductase did not change from control level upon NQO,
exposure for 9 and 18 months.

From these results, it was confirmed that the ability of the antioxidative protective
systems to protect cells from oxidative stress increased in an carly phase, and then they
decreased gradually. On the other hand, lipid peroxides increased once in an early phase,
and then they returned to the control level. Thereafter, they increased gradually, again. It
was confirmed that cytotoxic lipid peroxides forming process altered inversely with the
protective systems. ’
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20 NODOHERIZBEEO@ARE EFANCHEL T30 THEwrEELLATNS, BE
NOEBC L > TIEEEREMKEI 2 L 3Fo#EY 2 »ORIFER £ - T Thomos 5% X - T
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Table 1 Enzymatic Protective Mechanisms against Oxidative Stress

1} GSH-peroxiclase as a member in peroxidative metabolic pathway

GSH-Px

2GSH+ROOH GSSG+ROH+HH, O «rreveremsreemmvsnrinienis s (i)

G6P ———NADP*+ ~—~—"2CH ______ poon
G6PD GSH-R GSH-Px = seevriireiiiiniiiansiaisiiene. ( ii )
6PG +—"*NADPH —"~— oo a—"—= ROH

2 ) Enzymes for maintenance of reducing potential (NADPH formation)
G6PD

G6P+NADPH 6-PGH+NADPH :ooreerermmmriiiiiiiniii. ( i )
6PGD
6 -PG+NADP* RESPHNADPH erreererresriiiieniniscoi (11 )
ICDH
Isocitrate++ NADP*——— 2-oxoglutarate + CO; + NADPH  «rervvverriiinnnnenes (iii}

3 ) Gluiathione S-transferase as a peroxidase

GSH-Tase
GSH+ROOH GSOH+ROH (Enzymatic) — orvreereerrmerseiarnenee. (i)
+) GSOH+GSH GSSG+H,0 (Non Enzymatic)  rreeessiverresiinmn. (ii)
2GSH+ROOH GSSG+ROH+H,O (Net Reaction)

4 ) Superoxide dismutase (S0D)
Cu-Zn SOD in cytoplasm, erythrocyte (soluble)

Mn-50D
Fe-SOD

203+ 2H* 0, + H,0,
cf. Haber-Weiss Reaction (O3 +H,0,
5 ) Disulfide reductase for maintenance of SH-group

} in mitochondria

10, ++OH+OH")

(Exchange of inter and/or intra molecular disulfide)

Membrane-S-S-Protein Membrane-SH + Protein-SH  «+ovrveevees (i)
Membrane-S-8G Membrane-SH+GSH  <rrrerrerrrreenees (ii)
Protein-5-SG Protein-SH+GSH - irmvnreiniinariinnn-.. (iti)
Cystine : 2Cysteine  -o-oreerrerrreerne {iv)

= B

1. BRUBERE

SEER G 8 A D Il Wistar REEZ v b v 10 ppm NO,iz 2 B O EFERBE 2T 572,
FAMERTE 13890 Jol: Wistar BT v M #BWT 04, 12 4ppm @ NO,icznzh
1, 2, 4, 8 12, 16 HEOHFEREL 2. £ BHERTIE 88T Jo-Wistar RHES v b & A
0.04 ppm, 0.4 ppm R 4ppm @ NO,WEE 90 H, 8 BRU2VHADRABE 21T, <
REDTy PENAYEYTTAY—RAyva  r—YDFTEET DM THAEL, NO,RERA
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FUoVARF—NHGABF v v A~ FFHOTER YO L DTl F v ¥/ - NEER 24+
1'Cz, @i 5515 % HlfE S 41, EPIEUEW 14 FFMEAE, WWREHEE L. g ohbnsy
FMEAAZ v 7E CE2 BEARNTHT LBEEROBSIBEE L0 5 AR EEL T
HEcHok S 2, 4B, SRR 2ERY » L. I OERFHO Vitamin E &2 23 mg/kg,
HASRFE 35% THh, ZOIEISEORBIERIER /SN 2 F L ERH 183%, & L A VB 21.0 %,
VB8 %RV SV VEEN 28R TH T,

Sy bRI—-FAUVERBTCEOHEIR L DRIMERL, &, EANESTRELRCERA
EAREALTHAAGIC R 2 E TER R T . BEERTEM 2 ERE 20 2l 2
neOREEE A, BRIV ABBREMNE, ARIT-80CIKREFLL. 4B, 8RR
ZkboRumhEN, TRT1IEGE (u=6) TOMAL,

2, WEECR—+ OB

Fv hOFFIRRBRIAT, 770 RESFAF—THFESFA L, B FESR—PELR,
COREYH— 200X g, 5 00OELSELTY, #oh i Lk NPSH, TBA K tf VitaminE
BECERLL, LBOBY X 12,000xg, 10 5MOERLIEET, S5 20O 105,000X
g, 60 HEOBLTEEE T o7z, ZOLEO—#% Glutathione peroxidase (GPx), Glutathione
reductase (GR), Glucose-6-phosphate dehydrogenase (G6PD), 6-Phosphogluconate dehydro-
genase (6PGD), Glutathione S-transferase JzUF Isocitrate dehydrogenase @#lE I 7z, #
o t#Eid 0.1 mM EDTA #%% 50mM Na, K-V EHEMETE (pH 7.5) 12 20 BERGE (Fs
o ETEHR) L, ZoFENLES Superoxide dismutase(SOD) k Disulfide reductase{DSR) @
i ER L,

3. BRCMEEHENRE

Glutathione peroxidase & Cumene hydroperoxide # 2 W i2@E{bAkEEEE - L T Little 5
DOHEEPIC L - THE L7z, Glutathione reductase kt Bergmeyer #5CHE L /2™, Glucose-6-
phospate dehydrogenase i Wilhelm & @ F 1%, 6-Phosphogluconate dehydrogenase i&¢i3 20
mM Mg Cl, & 6.5 mM Cysteine % &5 0.1 M Tris-HCl buffer & 6-Phosphogluconate 228 & L
TH# A L T Glucose-6-phosphate dehydrogenase D 77312 1€ » THIE L 7z, Glutathione S-transfe-
rase i& Kaplowitz O F RS> THIEL 2, B BEE L LT, Aryl S-transferase iZid 3, 4-
Dichloro nitrobenzene %, Aralkyl S-transferase {Zid p-Nitrobenzylchloride #, Epoxy 5-
transferase «2 42 1, 2-Epoxy-3( 2 -nitrophenoxy)-propane %A U7, Isocitrate dehydrogenase
13 Bernt &% 58k, Superoxide dismutase IEHHIZERR F 9 v+ o4 F v 5 — ¥ X - TRRNC
# 57> superoxide anion radicals 23, # p /0 — A c 2B TA20E2 S0D A3 25 REIGEF)
H L7 McCord & Eridovich "D Rt -z,
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Disulfide reductase {EMORELX A F 2B EE LT Tietze D AR L » TITWERK S R
7o 274 v % DeLucia & DHEYTERE Lz, ¥ /37 SH (NPSH) £z Delucia 5DF
&=, TBA BUGi: Ohkawa &0 HFE#NCHE - TiTo 7, Vitamin E 3R €Y 32— O 200X g @l
3% 5 n-hexane B WTHEL, A¥ >4 —F LT 1 ug-di-a-tocopherol/ml hexane %8 L
THESORERE I 0w+ 77 7 4 = TRIE Lo 7 vt BEAY 5 —F & LTHME
FNTE2ERLT Lowry® 6 DkIc ko THIE L 72

4. In vivo OAEEAB LD RIE
NO,m&tt, EAMAVENRE? v oK DLy v, =5V ¥, ¥ Ok FID ff
EBRGCTIAGH A7 u= 727 4 —% W TEE I - TIT - 7,

g R

1. aREXRR

10ppm @ NO,iZ 2 BHEGERE L7 v POFRP Ly Vv EEOCKFNELLITC TBAER
U GPx EoZiEnZ b2l 1icmliz, 27 YRS 1 3E THA LIy~ (100 %) OF
TO%ICHL L7208, 2HBE»o8EENL, 38~4HE TEAIEHL ~- (1009%) O 210

g
T 240f 1°¢
3 220 e —— w140 E
T 200 "l ©
g 4
- 180 %0 .
Q
o 160 {120
§ lor / ‘ 110 £
K 120} y N I Z
- a
g 100 -z, —4-lico
2 80 A [N
o L Nyt 41 90 @
& 80
5 )

0

L
[e] 14
Doys of 10 ppm NO, Exposure

® 1 l0ppmNOQ,ic 2EMRBE L7 v P OFRP TS > A0 TBA RIEY
BRGANYF T o= & S — PG ORRFE

Fig. | Time-dependent changes of ethane exhalation in breath gases, thiobarbituric
acid reactants and glutathione peroxidase(GPx) activity in lungs of rats
exposed to 10 ppm NG, for 2 weeks.
The initial values were : 2.07 + 0.23 p moles/min/100 g body weight for ethane
exhalation (@), and 24.5 + 1.5 n moles/g lung for thiobarbituric acid reactants
(), 88.8 + 2.9 (n moles NADP* reduced/mg of protein/min) for GPx{H).
The dashed straight line shows the initial level, and the dashed curved line shows
the difference between ethane exhalation and TBA reactants. The values are
expressed as mean + SEM(n=6-12) .

— 260 —




NO.ZE i & 2 FRHIBRIL & MBI e O (L

~R0YBDVANITEL Tz, ZORIEHF LY ViEEFE AL, 10 EETHHL ~LIcE - T
$7: TBAES 1HAKKA L 2HE»S SAETARCHINL, BEER I AEvEE S, 20
1B FIEEED 200 5 1HHE L7, FOBRBEVAREICES LS BEH TV~ L FE - i,

% ¥, EHicWhole body DRSEBRL 257§ = & Y ELOHINRL o o BEA81L 2 77
TBA EOBMAEZRE LS| Wiz 2 SR THELE, COERSBEETEA LD, ZOE IR
Aol T L IEEBEMLLIE D o T AATREM R R L T 3,

FEPCBREEE CNBRLEREAEREEOE L oMYA ER LT VL 3
Glutathione peroxidase (GPx) {EEDQELEZHA L. GPx FER 1 HETETET T % o508
EARHARSRA L %2 3HEHI DML, SEE»S THEKRE Y~ LisEL, ZOL
MR ERETHRR L, ZORRGS, BR{LEEER & 2 ORMBEHTH 5 GPx iR Z
inverse relationship Z/ R L TWa Z L ST o7z,

23D GPx & #2 Glutathione reductase (GR), Glucose-6-phosphate dehydrogenase
(G6PD) K U* 6-Phosphogluconate dehydrogenase (6PGD) &M DRIFE L% T L 7. GR,GEPD
KU BPGD &b GPx iEM L AROBRHWELERL, TASOEROEELHIMES BES 5
HWHABETEHS Rz,

220
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160
140
120

100 |4
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Enzyme ectivities, % of Initial value

sol i

Otn L1 i i 1 [
o123 5 7 10 149
Days of 10 ppm NO, Exposurs

2 WppmNO: i 2@MBEL 7 v VOO I L F F4 v —F 35—
¥, TN FFBIEEER, SN2 —R-6) S REBARERE U 65 Ak
Znoad = BRAEBREELOBRNZEL '

Fig. 2 Time-dependent changes of glutathione peroxidase (GPx), glutathione
reguctase (GR), glucose-6-phosphate dehydrogenase (G6PD) and 6-phos-
phogluconate dehydrogenase (6PGD) in lungs of rats exposed to 10 ppm
NGO, for 2 weeks.

The initial values (n moles NADP* reduced/mg of protein/min} were 8§.8 +
29 for GPx([3), 124.4 + 3.5 for GR(@), 126.6 + 5.9 for G6PD (M), and 145.4 +

5.6 for 6PGD (), respectively. The values are expressed as mean = SEM(n=6-
12) .
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—H, F—9 —@RL Tz, Glutathione S-transferase X 2 BB 5 3 HEHZ®EY
~NANETL, 205 L 22H#v V7 B %R L Tz, DSR & SOD EEORERIZE
LK 3 iR, DSR R NO,RRE 2 HE TREMELRL ZOMI VALY~ D 60 %0 fl
Lie FOEREREELEML WHETBELVY~AL 210%) CEL UMBEETHO L~ 2
Rl 7z, SOD {EHOREEMNEL S DSRIEROELEEFETH -7 L L £ 0EIOREE IR
A enhs HERETREERENTH -7,

Bz B 2 by &« L <o NPSH & Vitamin E D& 5E4 R, NPSHIZ 2 H
HTED LA ~LOR 0 %BEE L, 20®%E»S M BER» G THHL A0 150
~170 %I EML fzo ST LT, Vitamin E 2 2 BETHE V<0 140 % iosghnL, 2 AELL
BREHCEL L, BUTHv_~VIZEST:, Z® Vitamin E OFEERNZEELIZ NPSH CD’E{E b S E
BT L A AE{biE E O RREIZELICEMIL Twi,

2. BAHREBRE

¥EREEL 04, 1.2 BT 4ppm NO, 28k 16 BMBE L7 v bOFRHP ¥ » il TBA K
FC & 2 @B AR B ORREL 2R S wR L, NOBET v PORSAT s YB3 158
HTRKRICGEL, 20&EDS L HBE THL <V iRk, LAEBOHRHPT Y i 04, 1.2 R
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Enzyme activities, % of Initiol volue
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F—HEeFAHNT 74 FRIUEBEREEDERNEL

Fxg. 3 Time-dependent changes of disulfide reductase (DSR) and superoxide
dismutase (SOD) in lungs of rats exposed to 10 ppm NO, for 2 weeks.
The initial values were : 125.8 + 8.8 (nmoles/hr/mg of protein) for DRS (@), and
18.8 + 0.5 (units/min/mg of protein) for SOD (O). The values are expressed as
mean + SEM (n=6-12) .
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Fig. 4 Time-dependent changes of the amounts of nonprotein sulfhydryls (NPSH)

5

Fig. §

and vitamin E in lungs of rats exposed to 10 ppm NO, for 2 weeks.

The initial values were: 1.11 + 0.05 gmoles of nonprotein-sulfhydryls/g » lungs
(O), and 33.2 = 1.1 ug of dé-a-tocopherol/g» lungs (@), The values are expressed
as mean + SEM (n=6-12). °

-3

4.0
110

3.0

105

=100

Ethane Exhaiation
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1or

TBA reactonts
% of control

100 |

6lz 4 8 12 18
Weeks of NO, Exposure

04, 1.2 R U 4ppm NO, 2 4 o HEBRHE L 725 v F DR P L ¥ A
B> TBA [ER UV F4 »28~7F F ¥4 — ¥ (GPx) {0 RN Z/L
Time-dependent changes of ethane exhalation in breath and glutathione
peroxidase (GPx) activity in lungs (A}, and TBA reactants in lungs (B) of
rats exposed to 0.4, 1.2 and 4 ppm NO, for four months.

Control values of ethane exhalation were located between 2.20 and 2.62 p moles/
100 g B.W./min., and control values of TBA reactants located between 34.1 and 46.
2 moles/g - lungs from the first through the 16th week.

GPx activity in this figure was measured using cumene hydroperoxide as substrate,
Control values of GPx were located between 145 and 111 n moles of NADP*
formed/mg protein/min.
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U appm HTREFNZANEIEO 108, 135 R 172 BICHL Uiz, # 0%, —BEFUREL -~
KR-MBHEUTAEENS 16 BEICH THRAENL 2, $IRTOESTHREDBICE
—ZRBENR LN, BERPRY Y Y NORBC L2 EBRIBEORBR LR 22 o7,

%70, B2 1.2 ppm KU 4 ppm NORFIC & 250 GPx FEORROELE | AEETRL
720 GPx iEEI 4 @E TRBA LV AABINL 7228, £O%HEIEERET LABEY ~sGE o<
flE %R L 72, %8, 0.4ppm NOBBETIZIZ LA LENELoR, Jh5DREREMS, GPx
EROZELCRIAEREEEROSES LA, o8By vEETRUEBCEEOE(L &3
BT, HEOBIC inverse relationship #3588 51z,

/-, fio TBA iz 4 BETHRAV~AEL, OO 04ppm, 1.2ppm K1F4 ppm NO;
FEBOBEERNEBEOZINLEN103%, 106%, 116 %LU L7z, 0k, TBA#EIK IBAET—
BiBr AricREo/a, 128825 16 @Hr» THFEIL T {EE%T L, 4ppm ® 16
EREECHERELBEELR L,
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Fig. 6 Time-dependent changes of glutathione reductase (GR) and glucose-6-
phosphate dehydrogenase (G6PD}) activities in lungs of rats exposed to 0.4,
1.2 and 4 ppm NO, for four months.
Control values of GR activity located between 110 and 78 n moles of NADP*
formed/mg * protein/min. and conirol values of GOPD activity were located
between 69.5 and 44.8 n moles of NADPHformed/mg - protein/min.from the first
through the I6th week. (O, contral group: @, 0.4 ppm group; [], 1.2 ppm
group ; @, 4 ppm group)
(*p<0.05; "*p<0.01; ***p<0.001)
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T, B GR & GOPD IS ORFFEL 2 6 IR L 72, MBEH L & GPx it L RO E %R
L7 GREEO4HEE BT 2 04ppm e, 12ppm BER F4ppmBEQER FHF AT IBEE
(100 9) @ 106, 110 Fe1F 120 %zt L, G6PD Ti2#&2 106, 115 KU 145 %I 4HL L Ty,
6PGD FEMOREFNZ(L S GEPD O LM LTz 9 — v 2R L, 4 BB S i BRIERE
AR THERD 103, 110 R0 131 %M 2 0% R L 72, ICDH #Eit it NO, RE IR
AELEETRE b ol SOD &M DSRBEUOBBHELER 70T L, ThoRESEN
D#EfEd 7 GR ® GOPD FEOE( EEBIL Tz, 2806 4 BETR SN SOD O EK
EMEE D 103, 111 RO 119 %Ml L, 2o BB LT 488 TR s i SRS
EOHEIMEOIEFE X G6PD > 6PGD > GR > SOD > DSR > GPx DIHT H > 7z, T & kA
GSH S-transferase OiEM I 1 BB 25 4 BE G THA L, #0% 8EEH» S 16:5E THIHEL
~NNETERLU L, FBRENHETH MDY /97 ¥ SH S EHRREORRNEL L L
Tz (B8), 4 BETRERAVANCEL, TRAFNNEIEO 102, 116 RV 132 %Y L T,
LU, NPSH 0B EEERO L 5w 4 ARMBTOETRTE S, 2~4:83TH
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Fig. 7 Time-dependent changes of superoxide (SOD) and disulfide reductase
(DSR) in lungs of rats exposed to 0, (0.4, 1.2 and 4 ppm NO, for four
months.

Control values of SOD activity were located between 29.6 and 18.9 uniis/mg
protein/min. and those of DSR activity located between 126 and 92 n moles of
cysteine formed/mg « protein/min. from the first through the 16th week.

(O, control group; @, 0.4 ppm group; [, 1.2 ppm group ; M, 4 ppm group)
(*p <0.05)
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Time-dependent changes of non-protein sulfhydryls (NPSH) contents in

lungs of rats exposed to 0, 0.4, 1.2 and 4 ppm NO, for four months.
Control values of NPSH were located between 1.10 and 0.95 pymoles/g of wet
lungs.

(O, control group; @, 0.4 ppm group; [0, 1.2 ppm group; W, 4 ppm group}
(*p<005; **p<0.01; ***p<0.001)
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Dose-response relationship of antioxidative protective systems and lipid
peroxides in lungs of rats exposed to 0 to 10 ppm NO, for two weeks.
Glutathione peroxidase (), glutathione reductase (M) , glucose-6-phosphate
dehydrogenase ([]),6-phosphogluconate dehydrogenase (X)), superoxide dismutase
(®) and disulfide reductase { A) activities, and non-protein sulfhydryls (@), TBA
reactants (B} and e-tocopherol (A) contents.
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DRI TBABLY beL Aoy VESATRULABEEEOELCEANL Twiz,

PlEo#ESRy 5, NPSH & GSH S-transferase % B < BHERRBER O EM L NO#» & HEFT % {738
T AW C~4E) CAECBEIN LA IOy L EREYEIFERTE 4
BEUBETO-(DEETLIOSE, oF v ELETRINTARCEREEROE L LWL
inverse relationship #o3 L T\ iz,

TOHEANEEEE 2HBEEH: Wppm 2BMBE TR WA 7 v MO BERERITH,
TBA {#, 3% > /9271 SH 2R f a-Tocopherol & B&OR—ZRBFZE 2R 9 2R L7, 0 ppm » 5
10ppm £ TH NOBRE W L 2 B—2REFRR B ERBRE VU NPSH B DWTHESN, &
NI 3BO Y 4 FOR-HREER S 7, GO6PD,6PGD EHR U NPSH i3 NO.2BiRE
FERA SR -EBGETRL, GPx, GR RUFDSR 3 MBOB—ZEMFE, %7 SOD @l
OB—THEMEETRL Tz, LinlL TBAE L a-Tocopherol &k - O E—31RBFHEE R
Ehol,

3. @BRIERER

Moy {c4EREREYE, £ /974 SH (NPSH) #& U TBA {EHIEE® £ 0.04 ppm,
04ppm & dppm NOZ 9B : 18 AMOERBBER S 21117, ThETLORBRE
Experiment 1 & U Experiment 2 & LT# 2~4 2”7z, Z@ Experiment 1 & 2 ZBREZH
HTHBICIT2b0THEY, HultBoe v b EEBERT-oLFERERLZ - T,

% 2 iz Total protein &, GPx, GR RUF G6PD EMOER ] L HB 2 OEEST L. Cumene
hydroperoxide (Cumene+OOH) %#EH L7 GPx iFHEE 9 2 H B ONBREL b D SRIMEM %
T EBERTEI R o8 »AEDREE 2 Tk 04 ppm B 4 ppm BHETHEELRETERLL
AR BEEERE LTV EYL, @EAE (H0,) 28E L LS Lt FROEEIE R L.

GR & G6PDEMR IR 9 ABD 4 ppm B Th 3 s HEL N2 R LEEHE LD s iz,
6PGD & ICDH {Efizdtic 9, 18 mFE T2 E A bnkdh o7z,

# 31212 GSH S-transferase @ 3 & Aryl, Aralkyl 2 U¥ Epoxy S-transferase HtE®2 =L 72, 2
NOOERER - HCILABTCRENER L EDL ST 18 » A B TIX Aryl & Uf Aralkyl S
transferase 548 4 ppm BETHBEIZCET L, »2ERME LED S hiz, Epoxy S-transferase %1%
RNEBEL T D iEr ot

SOD x DSREEM DV TEHEE L L 1 ERUOHETH 2L HEERL { NOBMERE
DA iE Superoxide #° Disulfide DA Z » T LARER ERHL 72,

KACRTBABR &M OBMIEERE 2T L 2. TBAERI» A H® 4ppm
Experiment ] THEZBMARL 0L THL28, 18 FE Tk 04ppm FEL 4ppm HTEELR
¥heERL, »oERELERTE ST,

DEIZ, M10 WERH LS Y OHEI & > TB e nBRLEEEROBRE R L. 28, T
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HIEE - IR

#2 NOMHEZT v FORHORY VR 7BBIUVIAIFA Ly« N—F ¥ —
¥ (GPx), 7% F4 vRUEEFR (GR) L7020 —2-6-) VEREKFERE
% (G6PD) EHOZEIL

Table 2 The changes of the contents of total protein, and the activities of glutathione
peroxidase (GPx), glutathione reductase (GR) and glucose-6-phosphate
dehydrogenase {(G6PD) in rat lungs by chronic exposure of nitrogen dioxide.

Rats exposed to NO, for & months Rats exposed to NO, for 18 months
Experiment 1 Experiment 2 Experiment 1 Experiment 2
Mean + SD (%) Mean + SD (%) Mean + SD (%) Mean + SD (%)
Total protein Control 924+ 77 (100%) 859+ 4.9 (100%) 950+ 104 {100%) 83238 (100%)
0.04 ppm 927+ 42 (100%) 827+ 2.5(100%) 963+ 9.5(101%) 87.2+3.6 (105%)
{mg/g + Lung). D4 ppm| 967+ 44 (105%) 88.7+ 14.5 (103%) 997+ 2.7 (105%) 925+66 (I1%)*
4.0 ppm 10L.3+ 3.0 (110%) 813+ 6.3(102%) 930+ 52 {(98%) 85.1+£3.2 (102%)
GPx-Cumene-Q0H® Control 181+ 28 (100%) 253+ 29(100%) 150+ & {i00%) 266 £ 17 (100%)
0.04 ppm 204+ 10 {112%) 230 £20 ( 95%) 154+ 13 (103%) 279+ 10 (105%)
{nmol/mg/min) 0.4 ppm 193+ 9 (107%) 252433 (10D%) 16215 (108%) 191+17  ( 72%) ***
4.0 ppm 200+ 91 (110%) w9 +40  (107%) 150 £20  (100%) 229+ 14 86%) **
GPx-H,0,% Control 109416  (100%) 155418 (100%)
" 004  ppm 109 +17 (100%) 159+ 15 (102%)
0.4 ppm 1B 19 (109%) MIE13 ( 72%) **
4.0 ppm 13325 (122%) 13910 (39%)
GR Control 859+ 150(100%) 948+ 8.4 (100%) 874+ 4.1 (100%) 94,6 +4.5 {100%)
0.04 ppm 899+ 38(104%) 896+ S.8( 95%) 90.9 + 14.8 (104%) 88.4+25 ( ME)
(nmol/mg/min) 04  ppm| 929+ 5.4 (108%) 962+ 11.2 (102%) 864+ 4.4( 99%) 61.9+6.6 ( T2%)***
] 4.0 ppm | 102.8% 5.0(120%)* 109.3 = 10.9 (115%) * 7.5+ 9.6 (112%) 953+7.3 (l0I%)
G6PD Control 487 £ 11.6 (100%] 813+ 8.5 (100%} §7.2+ 11.2(100%) 792+ 66 (100%)
0.04 ppm 574+ 105(118%) 525+ 19{ Bo%) 76.8 + 17.5(114%) 8.1 +86 (102%)
(nmel/mg/min) 0.4 ppm 658 9.9 (135%) * 578+ 8.1 { 94%}) 80.7 + 11.6 (120%) 80.0+9.3 [ 76%)
4.0 pom RARE 9.2 (178%) *** 79.7+ 10.7(130%) * | 1008+ 114 (150%) **+ [ 80.3£9.5 (101%)

a) GRx-Cumene « OOH shows glutathione peroxidase assayed by cumene hydroperoxide as a substrate.
b) GP,H,0, shows glulathione peroxidase assayed by hydrogen peroxide as a substrate.
*H<0.05, **p<0.01, ***p <0.001.

FEECRWEEO S B 9 » BBEERIIEIE 9 » AMSER O Experiment 2 L F—O &) (6
L) THdH, 18nHE 27 »BRMBZEEY L Experiment 1, 2 iAW LUAOEMTH L, 180
BrorhAMSEENO Y BHBEF vy A—ROZ v VERCC I VEBF L Pl Bi,
B oatiEEE (CH) ofER NOEREFD L —HeBALZE -y OB EREEE THR—
HIGE L T s ODEERL, COBYE, 18 RUF2THBEREE HTT8EFDHITE M
L, 9 nhEREOES, BREFERTHEHTLL v b BIE) LRBF+ " —-RNDZ v+ (61)
OEER Ly VEAROMICRE ERTED oL b ok, 180 L 2TAFRINORERHDT v
FOTECESE o), SEEL I 4EDAERRETRL TV S,

NO,2E L5y AR INA L 18 »ABE T 0.04 ppm £, 0.4 ppm FER T dppm B¢ T
RTOETHERE DRIl TV, & 510, OLREIE NOBHBEIAEL, hoRk
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Table 3

NO 28I & 5 IS LA L - fE B o2k

NOMURBZ v VOWD I/ VFF4 Y S-FIVAT 5%, Tib
L7 VN, PINFABIVIERY S-FF VR 7 25 —¥EEOTL
The changes of the activities of three kind of glutathicne S-transferase,

aryl-, aralkyl-, and epoxy S-transferase in rat lungs by chronic
exposure of nitrogen dioxide

Rats exposed to NO, for 9 months

Rats exposed to NO, lor 18 months

Experiment !

Experiment 2

Experiment |

Experiment 2

Mean + 5D (%)

Mean + SD (%)

Mean + SD (%)

Mean + SD (%)

Aryl S-1ransferas

(nmol/mg/min})

Control

0.04 ppm
04  ppm
40  ppm

288052 (100%)
3102034 (108%)
3.36£024 (117%)
3.06-+0.18 (106%)

329031 (100%)
3052033 [ 93%)
1194046 { 97%)
3.00+0.56 { 91%)

3.42+0.13 {100%)
3071041 ( S50%)
3.5340.38 (103%)
3.0040.29 ( 88%) *

3.13+0.23 (100%)
2.630.31 { 84%)
1.99+0.14 ( 64%) ***
2.20+0.15 ( 70%) ***

Aralkyl S-transferase

{nmol/mg/min)

Control

004  ppm
04 ppm
40  ppm

420+76 (100%)
440424 (L05%)
474430 (113%)
464+27 (110%)

44.9+2.8
42067
45.6+5.7
414149

{100%)
{ 94%)
(102%)
{ 92%)

IL3E06 (100%)
30,1230 ( 96%)
32.8+4.3 (105%)
291415 ( 93%) *

455425 (100%)
449428 ( 99%)
318115 ( 70%)***
359427 ( 79%)*t*

Epoxy S-transferase

{nmol/mg/min}

Contro!

¢.04 ppm
04  ppm
40 ppm

2.69+0.35 (100%)
3.04:£0.58 (113%)
2.86+0.24 (106%)

2271024 ( 84%)

210035 (100%)
2.49+0.39 (119%)
2.33+0.85 (i11%)
2432057 (116%)

2.86+0.45 (100%)
3354113 (117%)
2424056 ( 84%)
3054052 (107%)

*p<0.05. == 2<0.005.

x4

NOBURIET v FOBFICB T 3 FA4 30 E Y — 0§ (TBA) RIGHENE

BoZl

Table 4 The changes of the contents of thiobarbituric acid (TBA) reactants in rat
lungs by chfonic exposure of nitrogen dioxide.

Rats exposed to NO, for 9 months

Rats exposed to NO, for 18 months

Experiment 1

Experiment 2

Experiment |

Experiment 2

Mean + SD (%)

Mean = SD (%)

Mean + SBD (%)

Mean £ SD (%)

TBA values:

(n mol/g-Lung)

Control

004 ppm
04 ppm
44 ppm

528449 (100%)

529431 (100%)
545+33 (104%)
66244 (125%) ***

39.6+1.5 (100%)
37.6+2.4 { 95%)
T4 { 98%)
41.1E 1.4 (104%)

54.9+44.1 (100%)
56.2+4.1 (102%)
64038 (L06%)*"
69.8-+32 (127%) **=*

46.952.9 (100%)
52.4+35 (112%)
553116 (118%) **
51.8+4.6 (123%) *

P <0.05, **P<0.01, ***P<0.001

BHARICRAE L THEINL T, 72, 27 o ASEEE T, 0.04 ppm # & 04 ppm HAWREO
o AL HERENERL T dppm B TRSCET UNEHE L o EREERE» 51

A G A

—%, _vy Ot (1) BTvs S ICHARS L HERD R, AEENRVIEINLOR
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THEREE - R

1.5}
%ﬁ P< 0.05

“ P<0.0I
L(g- TR P(O»OOl

Ethane Exhalation (p moles/100g body wt/min)

M
L —

004 04 a0

O

N02 concentration (ppm)

10 0.04, 04 B 4ppm NQ, 2B 29, 18 R 27 A EEZEEL 27 b
OETH Ly EER

Fig. 10 Ethane exhalation in breath of rats exposed continuously to 0.04, 0.4 and 4
ppm NO, for 9, 18 and 27 months, respectively.
(O, 9 months; ], 18 months; @, 27 months;
*p<0.05, **p<0.01, ***p<0.001

18 FEO 0.04 ppm B 04 ppm BEOATH 0, dppm BTR T2 >0 27 » A HOHE LRI
BLABETL W,

B NOBERBICL 2oy Y ERENOBERMEREET 2 2 L t RCERERETCOR
~-REB R A 1EIEY 5 A1 0.04 ppm, 0.12 ppm KU 0.4 ppm NO 2 6 22H, 9 »H KR 18 » HRTHE
BB LY VEROBELERFHFOBRELAH 12 ICRLE MhsHEINL 3Ly Y OER
Bii 6 »EMSBEOHSICIE 04ppm NOABBTERSRNERLZEE TH-1BI» AR
V18 » ARRBOBE 1 0.04 ppm, 012 ppm KT 0.4 ppm NO, DT < T D RBEETHRIZHID
LTl 2, 2OXS OEFRRE NO.ORRBED LR IC DL THEINL, »2 NO,OREH
MoESk >h THEINLTB Y, fIEOGR EA—WRE2TUEEESERE SR, 72 0.04~04
ppm NO, O G ERVE-HEEELEEL, B ppm LT THEESHAZ B EVWI 2 %
BT EIFTELSR ST, BB, COERIZEOLTIE, 7y PO NO,RERIZEHS NCIKEE
hBBbERTWwAOT, ZoBBbanAEEERLL I L o THRF LY LML
Tt LA E WS EEIZ DWW T H R L, R, NOBBF v+ 1—HOT v
LTt b0k E UK 2R CLEE (3~4 AR NO,w B8 & LTV i fsls SPF L AL O
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FEECRLTEEZ vy bcB A7, 8, ZOfMEHL 3~4 O L iCROFR LIND kel
F18mAMEZ 2, TOROMOBKEE (TBAKKCL?) Lznt 18 »AMERLES v b
OGRS VERERRS KR LYL, Hfho TBAER NOERBBECKEL THIML, 0.4
ppm NOBBHEENIA 15 SiomL Tvede, L Lied s, BRIy Y OESLEI 04 ppm BO
BOHETH2HHBIEOEE £ RES L >, SORELD, R NOBREIC L - TES
AR IR TL SRR Ry ERIZ RS EESN T LI LB,

x =B

FEBRTENO,ORMY, EANRUEEEE X 2 ABLIEEELE » BLaREE 0 & &% 556
T 2B LR - o2 SRR L 2 0B e A, FOER, BERERCERE
NO,ZE = L 2 BRLEEEOMMEFR O Ly YHlEEMATY A — b TBABOREIZ & -
THoPKTEIEETES, Wppm NORZBREBCABERERI NOEBMAE 1 OHC1E
BATenz0B 2 HEUEASBMLUED 3~4 AETRELV~VIEL, ZOBBUIIHL ~ L
R o7, COBMEEEBOEBIEMOFERY = AT & %5 Thomas 59D FER & EELL T
B, MRICR o 2 OBBR{LEEE O i OBEER SH B30 EEELIC & 2 £WEEED
BKTiwddbneELOND, $hxd v ERKY TBA OERIZ L2 Evans 5220537 72
2 ppm B 0¥ 15~17 ppm NO. Bz L 2 ke (B0 BMMAR - b ELULTw3, %0, NO,
FREC I oTHIE (0-1 8) « [EMEsEEZ S22, 1~3 el MEoRIN: EEsEE D,

<

£
c S
Q -
:g E 4
G 1;:" 186%!}
-E o
I 0

=4 5
2 Q SHapb
52
s @
a =

g

o O. i 1

C 004 04 40

NO; concentration (ppm)

11 0.04, 0.4 XU 4 ppm NO, 2529, 18 BT P EHEEE LS v O
Mgy Y S EER

Fig.11 Pentane exhalation in breath of rats exposed continuously to 0.04, 0.4 and
4 ppm NO, for 9, 18 and 27 months, respectively.

(O, 9 months; [, 18 months ; @, 27 months.
*p<0.05
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12 0.04, 012 B UF 0.4 ppm NO, 1% 26,9 R U 18 »nAMHEGRE L7 v b

THEFIE - BB
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E
a (138%) 143%]
c |.5F
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§ 1114%}
»
u
g
5 1.Of
£ L
Lt otn 1 —1 1
0 0.04 0.2 04

NO2 concentration { ppm)

DEFRP LY v EER

Fig. 12 Ethane exhalation in breath of rats exposed continuously to 0.04, 0.12 and

0.4 ppm NO, for 6,9 and 18 months, respectively
@, 6 months ; [, 9 months; O, 18 months.
*p<0.05, **p<0.01, ***p<0.001

5 B BHERCBIL NO.RESHO LY v EETRIZTEE

Table 5 Effect of diets exposed to NO, on ethane exhalation in chronic experiment

Control 0.04 ppm - NO, 0.12 ppm * NO, 0.4 ppm » NO,
TBA values® 25008 293422 296x12
of diets (100%) (113%) (114%)
Ethane®
Exhalation LUE0LS e e

a} n moles of MDA/g - diet.
b) p moles of Ethane/100g body wt/min.

FORME I ANBTERY TS w3 BREEML TV,

—7#, 3AERASALER P Ly LT £ A IEEBEEILOBMME L TBA RIS
EDETFEL, Ry LK T 2RMFELERNCHET 2 L o7 Ol 80 F S
TBA {EORIMFHHME D b 7O - F Thok, I OMWIBEOEEENELOEV T * OBEHMIZ
L340, Whole body i k2 40OV EDBATH2EELGNS, R0 2 ICEEW
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NORE - & 5 IEARIL & FE LI MM ORI

2EBR TR LI LI MR Py ORISR o TBAEOMMELEZE LS| wiZR 508
Y=o b, FUAOEBICEWTERBEEI -2 e ETRBL T s,

Z ORISR AR B OZ LI U TIEBRL RS M L 10 ppm NOBMREC L > THERE
fbxm L7, BHEREERIEMI Glutathione S-transferase #§81>T, 3 B EHME TSy
£ TBAETTUBRIEEECE L RN TH - 7o BELIBESRE L AV ICET 2 & &R
{LREE 2B L7 0 RIS 2 EHRERBEMEIN UGS, BCHHRBEENER Y
ET 3 OABEERERIHBY VB> Twi, The OBFREEOINE NO R L2/
LHIA b AL SN 2BHT 2 -0 DM EL TS S S L E2 6h3, —A, MBS 5
FESMSH ZFHARR L AMUOECERLEFESY S Y ERt L 2ABLEB 0%k & B
LT, B4 2 YERBRTRERTE R0, ZORPOMIM L Sht st o8
pOEIENTELbDEHEZSNE, Fhif, V¥ 1Y EREEERILES2ENEDLRC L YD
2RHREESALBERRIFHRFO—2TH2EELB NS, DI kit Dumelin 52923
ZwubiZlppm O% LEKHBELNLES, ©¥4 30 EQBEREBHT » F OGRS~ v & vk
¥FOLA2ETRTF50ENLT, ©F 3 Yy ERZABIT v OFERHhRy ¥ 33 L <M
LTl nIifgRe s bR,

Kz, IVEBERFOESERELT o35S, BRIUEEENCOLICET 20 2H~
Te SHERAMEBED NOZFOBES THRBIIEESFRCHINT 2 2 - 2#HHELL. RERED
54 & FRECEREIEE 3 NO, R EE MG L T HML, % 08% 10 ppm RECBE L
B L L 1 2RETE Appm BTHUNER oM BEEER A RZ ko7, Lk
L, ZOBBUEDTOLL2IIEILED, 16HED sppmBTEUNER oML EREENS
oD LI o, 2 TBAELEROZELET L, HEENOREOBSLIZRTY
TBA O ERR L AMGET AR Ty v O F L DB T, 2 ORI AR E O 3
RRicBI 22y L TBA RICHMADOREEREOERCLZ b0 LEI 6N 2, THbb, —HE
Haniczyrpeanlll beREsn2 Zsdav®™y, TRARGCHEOR G EE L3z ~v
PYUTATERET7AMTERBAKBERZ > TascABahs 0, P ERsL2 ¥
TWHHAET 2L I2HBTHIILEL NS,

7%, BENREERC S 2 MRUMEEASRERT L SLRBOBS L AROGBRLIEEOE
B & #FFRY 72 inverse relationship #/R L T/, 2D LI BB EEEBROBESCLED LR,
BREISHOBI D THEEMITEBERETL TR bDTHE Z el hics i,

BFREOBURBEAT o5, 9» ARV 18 2AHT0.04ppm &0, TTD N0
BTy WE R X 5 BECIEEII B L 0 FEAINERL, »2BERLR—RRERER
LEEELEDS N, —A, 210 AMSB0ESK 12 0.04 ppm 35 & 0.4 ppm FHTIINEEON 2
BACHBELZEMERL T 4ppm B TR BKETUNRBEcOMcERER s o5 <
Lofz, COETREEAZERT 20Tk, L AMAKOENELERBRL TVE 40D
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EX b, BEIOECRFMELABCEBLLE Ty O v b o5} 2 EFERSNE
IEETENC & A EECERECOREREEEL B TIS B LAELTH 7, E51, 4
ppm 27 »ABB TR OKHEILOETHR SN L IIREENELLER S TWE, Zh5
DELABRE T B LERI L > TEELBRISE QLRI NO,O BBEBEORINCF-> T LR
L, »2RBEMOERC N TERMICHNL, D2RALMEA 2 L EBOBENELEH-T
BWAT2ZLemlTng,

PlEo#ER LD S, BAaMRUEBMHEBOBEONBLESEHR & AR CIE £ RO ERIE
{b% 3 13 BRI R L7,

—
= =
< \n

g2 8
[QU0) JO ¥ “sauiany
BAT1IEI0UG JO SBTITALIN

Lpx, X of Control

“iﬁ

© 13 WS oL B RERRL L B EREEEN ORI T~
TOEE b 381

Fig. 13 The overall changes between lipid peroxidation measured by ethane
exhalation in the breath and the antioxidative protective enzyme activities.
(Ethane exhalation, ——; Antioxidative protective enzyme activities,

— 3}

B, ERLTE2E 5% NOBECk > TBRLIEE S RINT 2 BEIc DV THE 2 T s,
2 DEEAD— DI AR £ 5 BB A (RET A ERBREROETIC L5 2 Lo
BB, *OBETIRANE L AFCFonBIRNERME (PaO,) OEEC LD, NO& 9 »H
RMBEL7-ES 04dppm B 4 ppm BT PaO, BB EICE F LTz & W09 #iIAR &3NS EEAGE
BLBRET 5 AEESEL oNE, JRGHBSERFRECE TS 2 L A FBL, (EHREE
R DS BIRE T AR E ST 30 LA BRTED EEZ oNE, TOLD
% NOE8 i & 2 8RB ESEDET ik Davidson 530 ¥ 4 3742 & 2 EEB® Freeman 530
7 F@%ﬁa‘b% wik Nieding 50O L FTOEBZ F TRV E TS, 2O L 5 8k
BEAEDETIC & 5HEBADBEEROE F A R~ R OREL I & 2 WRTOF X%
MEEDIE T & HTTEEMAE 2 bR b, 272, ARSI RMREEFEOER AT~ 3 20l =7 b
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NOBE i & 2 BHEGIE & R LA I O T L

U O FERER I R Rk B L RO IR E L & AR L 2B i AR R BE E 2t L (EhnL Tw
2EHRVEL, RAUEERESBEREEECLI 26D THL I LaREL TV,

PlEd k3 BE» S, NOBEER & 288 EEEOMNE 1) AR LHRERRREEOE
T, 2) BERMPERSECET, 8) MEEOREL, Fa@EcEEL TR - Tw 3RS
Erohb, LnLuds, IASOREMRIHEDERB THETE 21,

—F, tNETNOICL24EEENAGNZDEM 04ppm Bk Ez oM THED, BER
012 ppm NO,iz 35 AMBBE L1 7 v FOMBEEROEFEMBNFEHEI tEEE BB a L
WS EASODRETDHY, 0.lppm MTO NORBTRELME L L wIREZE Ry,
OBERT, SEIREHBED 004 ppm THHBARCEEOEINsmE L Z e 3ER T E
HETHLEELD, LL, 0L.Mppm O L 5 2EH TEBED NO,ZB I L - THRIBa L
PREFEDETYOIIRERYEO L LV Z LTS 2 - RRBSTRE, LWHET
HUSBOMEFELZTRER S0,
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Degradation and Repair of Biological Membrane upon

Nitrogen-Dioxide Inhalation
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ZEbER (NO,) ¥ EFCEBEE T 52 bEBEEIE NO, ¥ R, (4 v KUEHE
A XY THB.NO, BR7Y—FVANTHLOTEBEEERSORT L FEAMNEECE D
AEERICER LRIV, F 27, NO, KU NO, OABBRN COEERETH 21, &
THRE A 4 S RINEREE, R UHFEOI P27, 270V —AMERGCRIZTES
KDOWTHRRUT, 72, SR EEEROBEAREHE L NO, T 2 #Ei0EEIC D
WTH@L .

Abhstract

The effect of nitrogen dioxide (NO,} on biological membranes was reviewed, especially
with respect to chemical forms of inhaled NO,. In addition, repair processes of biological
membranes degenerated by NO, inhalation were discussed.
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TORGELPBEZERC L > THBINS £, FHFLOBHERIERBERNSRR T EES
NENEEOEHBIEL B CARNERET 2, 20X 5 2AENKRE L RENC ILELZN
AL LTHBENINELOTHES, &, CEYHREENCRNS WERBRISF LTS
DIEERIGET) C R X o THERCERAND, WPWEERET 2 &, SAITERRODE
RBFLECS L EBANEZEZ—EORBICREOERHEOHFCED 2, ZOLEERIERE L DEH
AEFREAEOSR, FrifBROFEN L ot EFENRICTH 2, -7, BEGD/LED
HiEKIcE:e iz 0, £oPESEHERSTORFCH L CHEFOBERIE 7 El
25225 RICTENSETHS,

fLge&iF oL —t ¥ 3 B’

;JLE

it  RHIC LR
ft%;im U
U BARmEE
A I Wﬁ%%
AL RIS ERMEE —— ShoNE, A5

B 1 RERHOELLERRE

REHLZARZERYETH L2 ZBLEEE (NO,) »4EEBHES T L EET 2BOTEE R LETE
KDOWTHELTAHLIERTE, RIKFLIL I, NO, R8s &Ml E 3 R%SEEOLHE
Tid NO, # ADQRBETIFAET 2, NO, & FEEBRRS & ORIGIC2BTRWEHNTRACFHE S R
TRWH, NO, G 7Y =7 VAN e b lRHOTRARERIGT 2L tnY 7 )7 940 %
BT 5 2 ENWEEN T 5Y, Thomas 53 in viveo ODEERT NO, 2V »IEE OTEEFIIE
MERILT 292 B L TEDY, Kamel 53 IVAFO—A— 1 ¥ F VI NO, H8HGIEE
TERSB O L2M|EL TWwEY, -7, MASHI NO, HIHEERIRE 2L Ty AHEM & Bfhs
A&, HBOBEEOBEERITHS IV AF o — L 0REIIERR: - KIS 2 aERsEL o h
3o NO, i3k BB 72 12 ITEEER I % TEIET 2, W 515 T NO, B4 %58 L < Mk
WAZH, ZOE2) CRLARICTHEREREEERE CRELXE 2 TOHP CEiT 29, 2/,
WEBAICE T H—MMIAER L RIG LTINS & MBI 2 2 TTREM Y E 2 o h 3, MAEhORE 1
A v L HIHEE A A AR R ARG T 2B S ME T ORI LA L 2 2 he, KE
SEWEA A ERBEORETRE LR EAE 2 LSHL R SR TV 3D, MEhoENE
44 vREMCFMBARERDAZNAT IO E %2 2 MMEL, FOBY SR8 4 > wiEig
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NOZR W & L ERBERORNE L 2 OBE

THLEELOE, WRHEARTE NO, & NOZRIREAOKES & KIG L TR 5 5%, EHER
ATHY, EEBRUBOEENTIIHEEA 4 L EBNEA A B EREER L EL 013,

# 1 BABNT NO,OEFERE

F OE B ® K It &

1y = sl
NO, —HC=CH-CH,—
2) &«
2NO, +H,0 —
HNO, —NH,, —SH, ~30H

+
HNO, ?

BASHINO, LERLOHSWIRETEREBE T 2MEOETITOIE, W ETERL
AROBEAENIMERTH Y, EFRNOBEBEERERIC ML -BIROESR TS 5, MlTi 8
TEMEH BTN 2> Twad, BILLEELZ>TWAQREEREC D 2 Fhd
HiHEBFROCR D ALGENEORARMA T 206 TH L, MERCIEGORERIC
Fo THEBSABMBIEAELADE L LTI MY R PRI oY —ASDBEZREHRELTY
5, RHEL2EH Ch S RAERPERELBRL Twa, SHREOEREEI 2 TOERTH
—T&HY, VrEREN AT 2tARE_ER o> Th, JORE_EBCEITZRD
BUKMEDRR G EFF 25 o7 B FOBEL TERE: L TOREEZRIEL Ty 2, £EEY VE
HORBWEIEZ 7V —2 P H 2R L2+ AR % Ko Mg s e S oTsy,
NQ, DEBLEHAI & L 2 REMSE L 51 2,

2. NO; L&

1) MHRE~NER

PR X > TRAS R NO, i3 & FAEAE L FiRe i ERAT %, Tppm LLOBE TIREE
ANz fix ORBENELABZE N TWwEY, 15ppm #lED NO, 55 v MCSB L7158, 8%
AR A T RUNAS LR OB & bies, [TRUIRE B A o000 v 1 B ERTHERG b oo, IR
BORIZ EABEESRTHAPY, —F, 5~04ppm O NO, BETEE2ICEHLL LI TE >
RLAEE 2 - T, [REX LEOBRERE « SUHHE « 0, ERIEIH» 5 MBGE 20 TOER
B et BRI YD ST 50, IRRRE TS T AL FATHIEN O SEE & 11 B M &
ZEEMNA SIS, TORENE, NO, OfER & - Tl L MR IERL L2 b o EEhE
T3 e, NEEXHERSHEEL CEET 2 BR2EIELTWI D LBRTE,, JOBE
THFEBEUHHROBRSEHOMIINTED SR TE D, NO, L ) AR SEESZ T2 —2
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DERGEBEMOERTH 2 A IREENEZ 502,

% 2 NO, Gppm LTF) OEHSEC & 2 HhiEOFEEL

mmE 2 F mmmm % ® O R
(ppm)
4 X 5.0 15~185 B BELL Wagner &  (1965)
)2 5.0 169 A Jinifiabedi| Fenter & (1971)
Z v b 4.0 9+ H BREBRREICE, FRTEDORE A6 (1980)
2.0 24D E HIEEEE Stephens & (1971)
0.8~2.0 —4&iF IR, ARETEL Freeman &  (1966)
0.4 27+ A IhRREiEE, KESEOEL M e (1580}
v 7 A 0.5 ixH IR s, JEME Freeman & (1968)
0.5 3—4-H ik, XESREROED Blair & (196%)
0.3—0.5 6 B [EX L REOEE Chen 5 (1972)

WEELERE
iR

REH A i R

2 'NO, £ 58, MoMlie (TRFENE+ORRZHE)

Hy I BT 2 RENECONBREERH T2 2L 284, 4~04ppm O NG, 27 v PiCR
BLROEFRER NS 2HECO VTR LI, 2n78-F 2700 c BEBREZI P32~
FUPHEIREL, fIEAOL AL F—FEROEFEREE > TWwd, 4ppm NO; 7w MiZ
BET L, MOABREEISBYEMNLAEES L 2B ENBROBELD s FECE
WIEME RS (3, FOBRBUEMNL GEECRABHOEE I bEWEE RS, C0L3 R
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NO BB L 2 EFEBEROBG - T 0BHE

WI—E - MO 4 2 VRO 2 79y —ABFEERMS TOEEa N, EESBFICHE
o 2EEATCH L D b U Ty i IC & o THIFDE S LR AR TR, 4 ppm NO, REiC L -
THild 2 2B S N 2 BBy B80T 2 2 & L ARRER ML BB R s & U R OBERER
DML Tnd 2 el e i o729, #o7T, 4ppm NO, BB L THiIEENE (L BIE
anALEN, s TREREFIESRIIHSCHEL TR I RS, ZOBMHIRICETT 24
RBEOMNISHE > T ATEERLH L, KeTHALHO NO, DfFHC L > T bary FU 7RY
fruy - r0BFEERRSEEEE2 T, ZOBESHOBET + 7 oA P4 RBVWEER
MEEHEDI L, NO, »NO, Rz B 4 OB TERATATHEEETRLTwi00s LA
s, MOEEEENZ I LEBEHEZOREBEI ATV, JOMOEERERZI 2BE LEH
i2 12 ppm NO, BBz k> T BE SN 4, O4ppm NO, REOBE 13 BB TLEHIIEC S
inoiz,

| r 3 —F b 04 ¢ TR 1201
0 . nom i NADH—F F 50 & ¢ BEHE

100

80

1

Fro0LP—y45

120

SRS BHA (%)

100

-

b 1 L ]

—d
0 10 20 30 0 10 20 30
REEY

B 3 NO, BRI LafMioisuy—4i, 2tavE) 7BFEEREAOEL

® : 4ppm NO., ® 1.2 ppm NO,, O ! 0.4 ppm NO,.
*p<0.05, **p<0.01, ***p<0.001.

PlEo k3o, MRS TIHRENE(b & - TEEBBEE ST NO, BB L THEC IS L
TWAIeMELME Lol BREIHT 2 NO, ESRABBICITHTS 345, AR
T 0.4~4.0 ppm NO, 8812 & - TIREBBELOBE L SR REEREEO LA 25
BHERTHE®, -7, NO, Offfilticn T 2FH IR, BEECBEIhTwLEMRBROTR
MBS VAV EER LTSRS EERT 2 2 LT EREHATHLARESEL NS, M
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Mg DR HM R ERR LR D, BELISE S T 00 s IO MBI & - TEER S
M nBE T, BEREMEOET, EESEREEOET, DuTiREMEORESE 3, Mg
DEHEORBEEEL A B WEE, TOMEIIEFELER,oBREL T, NO, itL» TRE
BIURCBL TR SR EEMEOEE L EFROFRRICERER 1 4 > RUHEE 4 35 L
THELENLEO2WTIRFHETH S,

2) FMR~NER
BRI % TEREL A NO, i, MEMME I fER L, SHNE0NEEA IS € 2 TEH ST

1) o ReE 421878 AL AFO-N
7.8 I: Nat . K*-ATPase
T:o70E I:C?t Mg?*— ATPase

4 FRIMARBEDENK

# 3 4ppm NO. 24 FEIRE < & 2 RIORBRE S DE

) BX o B B 2 B M E/C
o7 R 124+ 1.2 172+ 2.3* 1.39
AEY =2 551449 43.0+ 3.3 0.78
Na*, K*— ATPase? 48+ 0.t C61£0.7* 1.27
Ca?*, Mg2* — ATPase?) 57408 43407 0.75

¢ p<0.05

) wg/mg Y EE
2) p E0 B mg V BEH
(T EHE AR
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NOZEw & 2 LEBERVIBAFE L 2 0B

WARTWE, NO, iREMME L & M IcibEE 1 4 >, S 4 - oBER2E - TEBSES
AR, 7w Mo NO, %8BT 2 &, MIEPOME 1 A @AM R EIE iy 219,
BERE A4 A > L ERFC AR LA EMNER A 4 I ANERACE P TR A ZR, ~NESTEVEA A
Eavrricl, FTOBESRBEREA S L2 I eBHe M EINTLEY, - T, MEFOR
BRI NO, RETTEMBIA Y ERVLVALVOMBA A eI FEMLTwazticks, =
Mo A A v EFRIER & OFEMIT 2T RMIROBERCK 25, T2C, 7 v M 4ppm NO, 2 BB
L7238 ARINER IR 3 0 2 BB 2 W TRET L 72,

AR REAR AR L, WV RECERAEAMS L, SRoANciEEs XUy
A7 BICREE ULEESREL TR, COBHERRBYTABRESLTWwE, BEEBCE
PATHWAIEREAELLT, 7 ) vald r 2HEA~RAETHRE S URE _HB I EhiA
g T35 Nat,K*-ATPase, AN ¥ W b4 4 2 RAHLEBAOA LY D ABRERHASILTY
% Ca*, Mg -ATPase %2, £3i24ppm NO, 2 24 BHEREBL -7 v o R EPEL
RIMRER BRI 2EREPBALERERL 2, RMEEO~+ V-2 &8 L Ca®,
Mg?*-ATPase B HE X RANMBHO0TS, 05 eBmI L Twis, vy 7 rEBEE L Nat,
K*-ATPase {52 &2 1.39, 1275 L 8H0L Twate, &5 WRMBKO HMED:BR*EF L 12, FRI0
R BHC BV IRiR, 5B, MEEPIEY L TRIBCHEOM S RE L BIRARIMER & %
%o SRR MBI MR THRBRIIERA L HMEL, T v b OBESMBE I 70 HREET 2 He#
{e ULLE DM, BREOEL, BEFEQBET S, RO LY Y Al v T P I T A4 4
EROBMPE S, 272, 7v P RORTEMEOBR CEBBASHECE L WETHAEI 2
EHRESATWAD, RMMRERBCEET 27 ABIOERO 7Y ¥ —YOfER22 YK
mEroEhicoh THA LT &L 5N Tw 3™, BGRITRIC M % ¢ Na*,
K*-ATPase D L 5 hBREAE L AEGRTER Y, 5T, NO, £BiC L > THRIMMKD ¥ 7 1
BB - Na*, K-ATPase iFHa8ML 72 2 &1, MEPICHWRMROESHBEML - BET
HETREMSEZONS, IOWEERLELD LD, FRORZB > THESENTS 2
L& IR LSV RImER & E4L L 7RISR & % AE L. B 612 4 ppm NO, BEBRIHC 5 55K
MIRBESOECE R LTz, BHILENNE { BOLHRIRIIE S > TR 2EHFIVOESE, NO, £
BIBEHTHENLTEY, ARCHWHAES 4 HEE TRV, 20%, 7HEICAREO L~
ARETETTLS, ZOBREORSZES 1 LoBEMEZ -7, ZOFRE, NO, BB
- T 1 HETMEHPCHGHAMROFAEGHEMNL, 7 HECREESENLELL Th { TJiek
ETBLTWS, 272, NO, B8 16 HELIN THEOAR S SRMROFEHBINT 2 Z L IERES
NTnaM,

NO, #H 1B TBE SN Nat, K -ATPase EHOBIIORR+H LT 2 LD
2, 4ppm NO, = 24 RIRBE L 725 v b ORMERELLE I & D AE L, BETORMEKE Na*,
K+*-ATPase IEM#RE L (R 4) 2, NO, BB 12k > TELEHOFMERD Na*, K*-ATPase i&
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o9  [»E]
®im }
®
yzaofsIF. WERFmE
38
LB DM
R MR MAEOZIE
R P02 :/7”‘@0)&9
— —22— | 708 | BEELOET
Ca’* Na*0#im

it ED B M OET
1

.

® 5 FMHROME

¥ HEE (%)

~

EANTTOE B

SOBEH

6 4ppm NO; BEiZ X 3 RIMMESHOZE1L
*p<0.05 **p<0.01.

g 1.25 fEICHAIL 248, ZOBEEOR b AZES | LAOL T OBMc B TREFOEER
SERBED 1.2 (LI INL T, 5T, Na*, K*-ATPase IEMOMMIE, BbEOEEER
SEAHIVORMMROBEAINL 72 Z L b, BOBEEERL 2o o LENKE (> THBRHRT
B2 I rAELRRE N, ABOBREZY TIVESROEIMC DLW TLRoNT &5), LD
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NOZB L 24 EEROEB L 2 OBHE

R 5, NO, BB L > TRMRIIMBHNOBREESBORETHESA S b E{LBEE
ENTWLRTREMLE 2 6h 3, EdMEE s W AMERE MBS & Fe 2 BE S iud R
HROFESFBMEND L I REE LT THERER THS, NO BEC X > T 7 v P ORMERE
ERREIRB L, 05 KR 1.0ppm NO, % 3, 6, 12 4 BMEE L /- 15& 2 ik 5 O #5:k 7R
BROERCHNLTHw2 226 BB NO, BRETRAMcb - TRI-THw2EKEEZS
n3®, NO, BHIC k- CHMBMOLESNT 2 BRIz oW THAETH 5,

£ 4 4pomNO# 1 HMBML 2 5 v b O RSB 47 D Nar, K* =

ATPase iFMt
S K omORE S
R v m il I
Py 57409 6.0+0.8 52410 51402 48406
Y33 71205 7.7+0.7 6.4+0.3 6.2+£04 38403
H 1.25 1.28 1.24 122 0.79

Na*, K*-ATPase {5t p € 4/1 BEll/mg U 5B THEb LT,
CPHE+ERRER)

# 5 4ppm NO % 1 BB L7 v  OFMEESD > 7 ALBRESR

F 5 oMl 3R B &

ARiLER v I 1I 1
NFERE 124+1.2 11.9+2.5 12.7+32 12.1+£19 9.9+3.1
BEE 172423 1741+ 3.4 18.3+3.5 137+1.7 11.54+29
=R 1.39 1.46 1.44 1.13 1.16

TSR gp/mg ) VBB TRDLE,
(FaE R

—7%, NO, BBz & > TET L7 Ca*, Mg#-ATPase {51 & ~% ¥V — A& &I, ARk
EHEL TRANLER TR, 2T0FF0OFRMNBRETETL Tz, 2TORNBRLERABEOCHES
FPB bk, NO, BB & » TP HINL 7-0E8E 1 4 >, EINEA A v OIERK K> THRC
ZABEMEELI SE L, 2ITT v F OGRS STHEEA o o & THEEEE A 2 > FEA L TRIDEREE
ATPase IEMR T 2 BEET A2, £614z, 7 v M50, 100, 200 mM OEEEEF + UV 7 AR
BRSSP UL 04wl $o L IRME SEEAL, SEEEE MR RE L THRIRE ATP-
ase HHEAEHIELLERETR LU, 50, 100 B of 200 mM OREERF + U 7 AOFHEIC L 5T, SR
iz X MAE P IHEL A A B AR 2016, 0.30 R1F0.70mM = 7% o7z, 4ppm NO, % 1 HRRE L
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P2y OMBEDHEEA A CBER 01~0.2mM L3, 50mMBEET R U AOENEICE ST
IME YRS 1 A A 016 mM &% 248, Z OBFRIEKIED Caz, Mg?-ATPase 151 i3 RHHEHE
D68%LEBITEVEE L7, 7, 100mM, 200mM & #ET 2B M) YLAOBEEL E
PR E OMER L D RLEENEE s ALy, FERECEEL TERRETE FE0RRET
BATH 5, BRI EMNES Y 7 A 2FHEL RS 20~27 B OERET 2580 & 7z, xR
AL TERELZER R o7, Na*, K ~-ATPase {EMEIZIHRE - b V7 4, HREET b Y ¥ A O
WE->THMT 52 Lk, L LAETT 2HAPRED St - T, NO, BB X - T Ca*t,
Mg?*-ATPase EMEOHE T2, NO, SSREEE A A4 V82 LI EMEE A A v OB CIHFALERTHS
EFEZEND, B4 A YOOTRBSERLTWELIEDWTRTRETH 548, WEA A4 BHOME
BrLTOHROMENTE B, NO, £#8I1CL 5 Na*, Kr-ATPase IR0z 2 h o 4 4 0
ETRREIsRdoT,

# 6 FRIIEREE ATPase \EMC BUZTHEBE S 1 U 7 A, HEEEE > b ) 7 4820

ZhE
B E B E (mM) Ca?*, Mg?*-ATPase Na*, K+-ATPase
THRE S MU A % %
0 54+ 1.0 (100) 5.6+ 1.3 (100)
50 3.7+0.3* { 68) 5405 (9
100 38201 ( 69) 51404 (91
200 4309 (79 48+06 ( 87
TR P Y VA
0 ) 54405 (100) 59+02 (100)
50 43+07 (79) 47404 ( 80)
100 44411 ( 80) 494 1.1 { 83)
200 40+12 ( 73) 5907 (101}

ATPase 313 p &0 /1 Bifl)/mg ) AFETHRLE,
(ESE 4 EHRREE, n=4) * p<005

NO, BB\ X 2 FRMEREA S OB H I TR L 78R A & VB2 IR A 4 OfF
FETHLAREN L ERELD 5204, T v b & UREL L MEC 0.05~1.0mM D8RR + ) 2
AN TREEF b Y Y ABMIIU 3TCT IS v F am—va v L2 (RN, WEEF M) YA
OWMIC & - THRMMERED Ca?*, Mg?*-ATPase iR FEMBEIEEFL TETL 0.2 mM TH
{EDT9% EBEITESEEE2T LI EHERT b U 7 A0 X - THEROBENRD Sl
3, ZQVEFIIEET b U 7 AL D &S o, Nat, K -ATPase G @4 4 i & b 1
Ao HEHMRIBBTH > 7. FRCRIRES 7P ABEREE A s 4 vOBEMTE->T
BrALEELZD o8, N3V —ASBRETL 01 mM EREF b U7 AFMICL > THE
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NO BBz & 2 £EBEROAG L 7 0BE

lD 77 % &% o iz,

* 7 RIMBREGAI I THE S U Y ARUERNBR S MY Y AR

y 2+ 2+ _ + K+

M S
FHEE S MU v A % % % %

0 100 100 100 100

0.05 91 — — —

0.10 79 91 9% 9%

0.20 78 102 83 101
ERSERF U oA

0.05 94 - — -

0.10 87 97 98 77

0.20 93 105 103 83

INSOERPS, NO, BBIZ L > TED S NI RIMBRED Ca?*, Mg> -ATPase {HtE L ~F
V—AEBOETE, £2NO, BE & - TP IENT 2 TR 1 + > L84 4 > QR
kDTSN, BLHR4 i NO, RSB ER LTV, HRIERD Ca’*, Mg?*-ATPase 1§
HOETHNO, BEBE 04ppm THRILZ L EBBL TV A,

THEE A A R EHEEA A CARMERECERT 2B EC D0 TRIE LA SIS TLR Y,
NO, BT & - THRMBRBEOBEHEER AT 2RREABEL LS twIRADPT, kA A
Y0l mMBEEET HEROBRER A7 7 #9020 VDT 5 F vEMRENT 5 2 2 RiB
Ui, Ty b L OREL-RMERE 01~25mM B+ YT A L 3PCTLRMA v Fa—
Varthl, IAMLA-REEF N P AOBEREL THRIRERZA 7y F 902D D7 7 F
FogaEgmLz: (7, 2oMMEsney 243 >OFEFTCRCD, i F4 A4,
K7 THD AL ORI - THRID 2 s, WA A VITRMERECERL ANV 7 A
44 Y OFRMBEANORA L RET HERER> T A EERSRIBS nie, HEEA A v i3S
EELTEINTVEAA Iy 2440 0—FBTHZY, —HOAF oYy 744 e
Ay EERRICHFRMBRER A 7 7 F PN U v O7 75 F Y BRERHEINS 50T, Wi 4 v ikR
MEECH L T4 by ZI{ERL TV ARIGRESE 2015 (%3,

3) Fig~nky

NO, OEFEFECEL Tid, RE X MERIT 2O TORENRLER-TEY, 2OHOR
BAOHRICRIR DAL A TRE» o2, NO, BEC & - T inL 7 e 1 4 v &
TREE A A PR AR F I A2, FFCIRFMREOF O™ % gah LEfL Twv» <, 4ppm
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% s6 &
4 dag N
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@ 7TIFFLE, Q:AFFV LSRN F U,

% 8 mMEBERAZ7FIAx) s (PS) OF 73 FrBERICRETEA A

v D
5 N PSDO 7 7 * e [P og

WA A v Ry e

% %
- EEm - 524401 (100)
BB YA 528402 101
BRE—KFRF YT L 531403 ) oot
(e 3l VAN 53.840.2%%+ 103
LTl N R 57.3+0.4% 109
BEREF PV T A 58.10.4*+ 111
FAYT BEF R T A 59.24-0.7%** 113

(CPEE + R )

s*r p<0.001
R = = I

NO, 23 v i B8+ 2 BB B o IiES & UIF L PO EIfENBER cEBLE LS E
23 EARESEY, FREESHOREARBCHONLREEE-TE D, BHEROENLR
1 rayv—AETHFbhTWS, > T, FFEETROEMEEHEEROEL, NO, Bk -
THF: 7oy - ARSEERE LT A ATREM R B A 88 5%, 22T, 4ppm NO, BE» 7 v ML 2
Oy~ ADEFEERRSCRIETESI DL TRILE®, F 2oy —npi>0BFEER
iy, BREFREOTEIRE, VAT o—VEEH, RUMOREELT>Tw3 (@8}, 4 ppm NO,
RT3 4070y —ABFEERRAOFTL F b 7 0L PAS) HSREHTHOMEC
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NO. BB L5 £UBERORBL t0BE

849 BRCBEWEERELL(E9, £/ NADPH-# + 7 o4 c BTEEE L NADH-+ 7
U4 cBUEROFEELBAEREZR L. B 0.4~4.0 ppm NO, 25 v iz 1 » B HISHEL,
F3zoy—2@sZ0 2 BReBRINCRM L BERER L. AT 70y — ARSI RERH
WE»SETLIEETRECHEERLLE, BB EHNEBREOV AN ETHE L 20%
HFZETLTOWL ZEMWHELE R R, COFEBMEFE 270y —208EF 27 o4 P450 &
NADPH-# b 7 0 4 c BUBHETAE{, 04ppm NO, BB THERELETFT R Do htz, &7,
IOEIRBROTA 2 idd 2Ly 3y BHETEEL RO o0, 5T, NO, B
B> THoOaL 5 THBOEEER b EE-EBE BB I ¥4 70 2llo Tw b 2 ko3|
L 720

Wi, NO, BB L -> T3 70V~ LBFEERKSOBETOREZHEoMcT 2l L %
Rl 7w MERED S 70y —A%RSEEL, BT P Y YA FEEN®RS P vLALITCT
1B v Fa—va v, 370 Y —AESEBRLR I VERLTETFEERRO EREL
7230, 2R, #+ 704 PSOERE LU NADPH-F + 7 0 b c BIERE NADH-+ b2 07
Ao BTBRIEHEIRML B ) v A0BBECEREFELTETL, 01 mMEERYS b Y v AR
MTERRECMEER -7 (K10), HEEEF Y 7 ADFMEREF 7 0L P40 W LTIk &
D{RBEE TR shizdd, TOMOBFEERESCN L TREBEOMES MY 7 LALD /1S
ol FIO0ImMEE ;T ) v ARES>TH I 70V~ AR RI 2BEETR LI F 7
o4 PO SESNZHETL, T NADPH-#F + 704 ¢ BTEEL NADH-# b7 0L c 8
TREEESED L, FLro 0L LERETIAYL T 77 —PEHIIELAYELLEd-
fro CORRE, BEh¥2:00V - LARa0BELECOESVEVWI AT, NO,. BEC L5
By 01lmMBEEES VY AOBEMMERE (KL TW2 I LETRLTYWS, (-7, NO, B8R
Lo TMETOHES 4 v BESEREL, o2 iR RBshiEzrsov —48E
FERFRAEHEA A I Lo CET T 5 TEEMSE L 503,

IOTEERE LD B bz, RMBROEE L ERRICER> MV 7223 EHERST MV 7 4%
7w MZEERD SEATAEREIT 703, Py 7y —ABTFEERRKSREAT HHERE S b
U AOBECEFELTETL, BICF b2 0 s PO ESER VT NADPH-F F 7 0 4 ¢ BiTEE
ZEHEOFRIBED SN (F10), —77, HEEF M) VARBELRBESEF P70 AP E
ENBRACEERETERL, ThRoOERIE, MKTOREA A4 v BEE LRSI NO,
BEOBEEARREEBF I 70V - LBFEERRSCE 2 2 LERLTED, NO, @A 2
70— AL THERA A OBETCERT 22 L THwD, MBI A i 70Y —
ABEEERIGL TV 200MENIZERL Tw2 002w THBHITECMAETS L,
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NADPH —e fpr —s 5 7 0 LP450 — - FYP10H

AL RFo - AEE
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%

NADH —-pr ——=F 7 a2 b,

B 8 :7uvy-—-LsdBTFEER
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#TEHE(%)

—

pojiit=dt

NADPH—F k7 Qb c A

3
& 1 1
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RiBAY

X 9 NOBECIA2F:ZzoY—LABFPEERELOEL

® : 4ppm NO,, ® : 12 ppm NO,, O : 0.4 ppm NO,.
*p <005, **p<0.01, ***p<0.001.

= 9 Firzuy—»sflAcRIZINOESE - Y Y 2B OHE

4 ppm NO,{4 H &) 0.1 mM NaNO, (1EF/)
sruy— LS

paliichea 3 415 % IHEERE R %
NADPH-# } 7 7 A cBICEE 194 1 16+ 2 85 684 568 83
F b7 ab P-450 96+ 5 81+ 6 84 29% 212 71
NADH-+ + 7 0 4 c BTESR 458429 407422 89 16488 13355 81
F b #1324 by 67+ 4 65+ 2 97 215 207 97
FOASALT 7F—2R 10+ 1 10+ 1 95 388 347 98

* p<0.05
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NOBRw L 5 FHBBOHEE - 7 DEE

3. NO, DAEFBERITTIREB L 154

B 11z NO, ¥ 46 o a2 Kt BH L 72, NO, 2 NO, #¥ ARECHEOBEE
R LSS, BECEHBOCHAE VA L2 ER UIRERE{LsE T 5, 4L 1AM
EBEEEOTRAEER S v 7B e KL, By A7 BOESHRIA I LLBMESLTY
2%, 20 &3 RROT T, BREECEOEFELETL, Dy TBREOWE & Mg
B, ML ETELTRMENEZ 51D, NO, BB L > THREs N | BRNR F OB
NO, D& ZERC Lo TR I > T 3 REENE L5825, NO, Mk - lBmig 4 4 >
DR TEREYT 258, BB A4y 7 ERBRT 27 I /BERICLERED Y v 2 8
FEMEETHAARER O ERZOND (K, &7z, NEZDUVRF 7 0L POD L 5 B2
FrNRIHONAREOEEEFEA~LERELERS®E I N LLICERTEY, NO,
FBROFENMCRireY —LsHATF L 70 L PHOCELWEREESTLL I B, NQ, &
FCR A £ > L LCFERL TH A THREETEL TWwa02 b LARW(E3), NO, Db 3
—DOEDTHIWEAA vt bury 744D —BTH 5, MBFOHMEN 4 0%
CLBEeICARMBRIC & » THEEEA 4 v oiElBans, BB ri@aaro vy 7 2R L -
TEMEEILTY, EEND 5 IEMENCEEER R LUESY v 7 BORECHIRA~D
WY LAT v OFMAMEEE 2O L THE0ME LR, BEE/ 4 RUHEHEAZT 00

F 10 FFsrsuay—ARSCRIZTEES P YA, TEES L) Y ABEOME

ﬁkﬁﬁjﬁ; NADH-i‘}‘?DAc NADPH:’}"I‘7UAC £ 1504 PASO Fhoonb
BTEER HWILEER
WEREH MY T L
0 26317 (100) 19.143.3 (100} 711+ 6 (100} 100+ 18 (100)
50 261422 ( 99) 18.1£2.3 ( 95) 61+ § { 86) 95+ 3 ( 95
100 25950 ( 98) 16.243.5 ( 85) 57+16  { 80) 95+ 6 ( 95)
200 24421 ( 93) 153+ 1.9 ( 80) 5326 (79) 83+ 3 ( 83)
HibRE > MY A
0 261426 (100) 205408 (100) 79410 (100) 94+ 2 (100)
50 250419 ( 96) 202420 ( 99) 4T+10%  ( 59) 92+ 6 ( 98)
100 24845 ( 95) 19705 { 96) 53+ 2 ( 67) 92+ 4 ( 98)
200 225+ 14 ( 86) 18.9-£09 { 92) 20+ 5*** ( 26) 89+ 4 ( 93)

(PEE £ {FHEREE, n=4)

* p<005, ** p<0.0l, *** p<0.001
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L3RRI L > THIEUCHED = 7 oy — AR L RIEREE Ca®, Mg>-ATPase {51 OET 23
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A, MBSV THEENO, ERIET S Z EMXWEETH D LM TR A B4 4 >~
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& o TInEhORMBIO LB LN L BT EoR el s agiEenm Lo, £Fidch
WG L SBRARIMER 0 BE A 4 (B3l L INWEH I & D I HSSE < B b E 2 5 h 2 RO EE 23800
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R L THREPSEGL &I bdhild, 2¥8—c@iEnchod 4 voliER~0OfALZETS
#ELICBEBEEOA & o ERBEI T R e E L ND, $, BESEIALAFY
WIBME R R OBRSCEZZ v EASNE, 2O LI RHENFRTvwIFn b laR0RET
RNOELE LTERIANZREMETH S 5, NO, 1T & 2/l BB A FOBIIER &
bELONDIHNERFATVS, NO, BBUETT 5 &, NO, o L TRBZ2MR - 1 AR B
RRIBFTER S L, NO, I L TEBHs O L EL 0N 22 H% L -difa Chiita L& 118 =
WA SN T, NO, it T 2O EHEO—H I BEBRMC L > THHERTES DM b LA
v, 20K 3N, W H{EERE L TEERSELHE, BEffA*RBRELEERNOES
HEFC BTV EEEENE L N5,

NOz
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DR }
BRSO f 1
oxft (RMEomt) . -7 WSEOE)
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LR BRET@ROSRE FOROBE EEABERHOET

Bl 11 NO, & &R

BROFBHERICEEZD 6N S L 5 2BBEO NO, TN L TH L OBEERETEEL#ERL
EHZHEEBEPRAIL TV LSRR SNE, TATHE NO, s 2 BEREIE A IE
BNALBERSKF LGS, ERREEMEHRTEI0THS 55, ER0OHE, HECER LM
W2 EEHOBREET LI WIIFEL L, ANRFEMOBEERYE L L, NO, THT 2 EREHE
HFOMALZWEL T ZMANRL OSGROTELRETCHL LEL TS,
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ASSRPERB L s HROBTRNAH - I LT sEE
On Stimulation of Anaerobic Metabolism in Cells by Air
Pollutant Exposure
R
Masaru SAGATI!
L2 =1
F ¥y 5y BRINEREMOMIA YL 3 — AORTSARHM T 5 BT 50k
FIHIR* 3 LD, FORNER, V7L —-ARBOBE, 2)/ -2t B2
Axv ey b ORE, DTHMEEERBC LD 2, 3-VRARS VL~ OB, 5
H-oTwa, l
Abstract
A literature consideration on evidence of stimulation of anaerobic metabolism of glucose
in cells of experimental animals exposed to oxidants was conducted in this review. The
contents are consisted of 1) an outline of glucose metabolism, 2) effects of oxidant gases on
glucose metabolism, 3) change of 2,3-diphosphogrycerate by nitrogen dioxide.
FL&ic

AV (0) »TREERE (NO) 0L L RJSRYEOEFEEEICET 58— 0FaEaRs
MThdbwd I LdBRROH/HLIATHD,

fiid g THZ S/ AERAOEE L TOAFTES A TELL, IEICL > T L 5HEBENZN
HEBEEA T2 2 L BYBERE S L > THo ISR TERY, Jo & A B FERIRR
5, Biflikaid TCA B, BHER® b2 R AKBRRCOSCEE T 2BR 2 IRNER CfF -
Twvd I eNmanl, —7, MBARE ZIED 70 % RS T 5 BB (ERABREOR 2~10 %)
B L TEEHRAOER LB P ARG ST o T 27, L b 5 2 BEORILY &R
HERFROZALD 2 5ICFE, 0, ZOERLEERMIMEREEEDE (Alveolar

I EroEwrss BEERER T305 BRESHEISHIRATNE 16 &2
The National Institute for Environmental Studies, Basic Medical Sciences Division, Yatabe-machi, Tsukuba,
Tbaraki 305,Japan.
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Serfactant) DERICES L, 51 ZhiZRARE L b EERBRSH 2" b L (A
HENTn 3,

BRI, TOREREE LI KA EE 0 SRRSO BB >» THRE £ &
7210, .

—7%, #2Z % 0.04 ppm, 0.4 ppm R 4 ppm DIERE NO,ORBMARE = & Y EEKRDERIGIEEE
REZELCHMT2 2 Le@ELL. RECOBREEERZ ) EoRE2BENEPTHS, — R
12 0% NO, D L 5 2 ATRERE OB A AEME (Whole body) OEFHEE (Q0,) #ET3 LW
FubhTwa I heBANBHAERBE L Ty 8B LEEERO 2 5 R (EREF BRI LE
DOBELHEMHORBTRELLHLEVIFBIFERF - TS, L UE6HESZ Y, ARELGE
BB L - THEMHRY AV TOEBRREXYEEIILT 2HRRBEL 52w,

SHAARERDERA A L DN RENAEY 2 23 €2 L I EEP—PERFH 2L
EXEBWEELNZ T, SBARLCEEERC I 32 POLIRHET &L, g5HBIDE
SHTFREEDEREDEELLBEL LTz,

L ERHOERE

R R, BHRUY VA7 BER DALY —EROEL, #0130 F—% "ET
FANE—LEW ThHd ATP b THrTlROEMERCIEL TV,

DR AL 5 T A ¥ —RIRD ML, ATP 2&M%T 5 BORAISES 2 F AR
DZOOHARBDH B, TO—2XFFEMIEINTo> T 2BETRE & 3 SR, T4b bR
RIETHD, IHESTROBESBESLTHIREKTHD, 7Foesflices L,

CsH1, 05460, —= 6CO, +6H,0
DEIRREHEID, 1gH8FO7FvBENRR2IEL B8 bt 674 Keal DFHI AV
F-plahs, b3 —20HkE, RAEMRCERERZREOFAERENT > TR EHEA
PR TR L bR TW3 0 TH S, CORSRTREIMETHD, A7 R 7HBOBE
T8,

T L BT

CsH,,0,—2C,H;OH +2CO0,

AR TR

C:H,,0,——2CH,CH(CH)COOH
rhn EansBHIANF-Fu TR b0 Keal o &7, R2BtoBs0N T %IcT &
Zuv, BOOIANAF R 2HFOLY / —HiuEIAMPERET 5, £/, FALEHROE
EREOSEIE TCARK L ETEERC L > THEBEEN2 L BAFOATP 2ET 50K
WL, BEEFERCESCE T F Vg 572 Emden-Meyerhof (EM) R THEE 2 A TE ALY
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ARG & R ORI

VBRI B L EWLADTOATP MMEL NS4S, BP 25370 ATP SHB & h 2 O TRIENT I 2
BFOATPHRONLTEL VL, L TREHENT TCOLA LT —ELEWFIED TE
Ve

ZOEMBZRTEREY YA &K1 CRET L 5T, Glyceraldehyde-3-phosphate 81k ic
#- TETE NAD(NADH) 24 L2 0T, EFBENZ&ET T NADH #8803 2082053
TN EvEE NADH iR ERE T2 - A YR LDHIc L - T,

LDH

Pyruvate+NADH, Lactate+NAD*

rieh, MENO NADH BXUEA v EL2ED S5, —7F, NAD'Z Glyceraldehyde-3
-phosphate dehydrogenase O RIGICHE L 2 15 51, BSOS S =, #ERo—
EQRILFT >V E2HFL, ERoEEEEHE 2L I BENADH 5K a3, 20 L5 K
RN TR —EFE OGRS A 7 VEIGHEEEL T w5,

L IANEEE, Oy NO,D L3 a4 vy t ORESHIBABREECEL WBELRIZT &
AR LT 7 & 5 ISl D BIE R 7 v v MERFIC# < NADH  NADPH, &5iiBRL
ERAAFR>BAM LY 74 v (GSH) FOERIC LB L WEELRET I LHTRESLDDHY,
BRI T 24+ 5 P OBECEERS 2 WEERRLL T 5,

FIC, IIRBALEREIINT 2 O, RUNOEBECREE L DWIRANS,

2. BABIRETAFRLA U LORE

iy AVroRsE

AV (0)) OBARFEHERHHIC L T Y0 I RnBEERIETOTH S I b,

1959 £ Scheel &'V i3 O, AT & - T Whole body @ O,#H% (Q0,) 3FE L {ME & Ll - HE
LT b, £ L - TEERL O,0—BHFHnc i o 7 & Ml Tk A ORBHE
AT 3 2 212 McDowell? i2 X o TRINBETRELHS RT3, 2O L IREELS,
b LTO, WA DERIICHEEA~D O a2 AT 2 L an i, BN TR ZD O, B
BYL2ACBRIAPRSIRO I 2 ERR N0 TRZVY EEL06NE, 0L IRFEHEDL &
& Chow & Tappel®i2 1973 &, 7 » M2 08ppm D O: % | hAMGEGERE L CHOMERER -
LEHMOBROBREE2IBLH T2 Y 3 v EORB - RIc BRI LT, £ 1 RO TEE
HOBERERCNT 2 ORBELRBREY IV EOMBETL TS,

CIOFEMLLLME LD CHRBEEROEERLE TH S Glucose-6-phosphate  dehydrogenase
(G6PD) ¥k 6-Phosphogluconate dehydrogenase (6-PGD) EtEid O:ORBBICL > TEF X E
REZHMROCWEGEERE ICHEEICEINL 72, 612, EALEVE»S T Y ITEAORIGEMEL T
TCA BB A S AT v 70 Malic enzyme 5 3 ERZBTEECHNL . ZO3 D08
FZEH 10005 X5 NADP 2 #EE - LT NADPH 2 BA L Twd, T 0L ) WHKED
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Table 1 Effects of ozone exposure and dietary a-tocopherol on activities of lung
soluble enzymes!?,

Dietar a-Tocopherol Qzone-
Enzyme (mg/kg Diet) Exposed Control P
G-6-PD* 0 17342711 121110 <001
45 147+ 47 121210 <001
P <00 Sl
X 16026 121£10 <.001
6-P-GD* 0 64t 11 45+3 <001
45 51+6 42+6 <.01
P <1 A |
X 57+ 11 43+6 <.001
Malic enzyme* 0 31+3 2541 <.05
45 28+3 26+2 <1
£ < 05 >
X J0+2 ' 6+3 <.001
Malate dehydroge- 0 18204210 1840+ 20 >.1
naset 45 17302140 1790420 >
P >4 =08
X 1770+170 1810+20 >.1
Phosphouctokinase t 0 84+6 186 <.01
45 82+6 78+10 >.1
P >.1 >.1
X 83+6 78+8 <.01
Aldolaset 0 60+9 5548 >.1
: 45 61+6 55+9 <.l
P >.1 >.1
X 60L8 5548 <.05
Pyuvate kineset 4] 448 + 88 376x16 <.001
45 448+ 52 3B6+£26 - <01
P > o |
X 448+ 66 380420 <.001
LDH1t \] 1890+ 250 15301260 <.001
45 1750+ 280 1480+ 250 <.002
P <.1 >.1
X 1820+ 270 1510250 <00
% Units of enzymic activity is expressed as nanomols NADPH formed per minute per milligram
protein.
t Units of enzymic activity is expressed as nanomols NADH oxidized per minute per milligram
protein,

1+ Mean +standard deviation.
1 Probability value of O vs 45 mg a-tocopherol per kilogram diet.
Mean - standard deviation of both dietary groups.

i RBA YV VREE 0.79L0.14ppm TH 2 12,
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Fig. 1 Glycolytic pathway and lipid peroxide metabolism by GSH-peroxidase
system.

RH, polyunsatdrated fatty acid; ROOH, lipid peroxides; ROH, hydroxy fatty
acid ; GSH, reduced glutathione ; GSSH, oxidized glutathione ;

B& ¥ Malic enzyme iZ & » CTHERK S 417 NADPH 12D BTAF ¥ v L OHEEIC @ < L
= GSH reductase OffifER & L TRITE VY F4 » (GSH) OLBBE*F OB IRV S,
EORE2IWRT I ARED ) Y IRETD M TSNS OBBRICC L > CTELC 5 i5E
@RR{EY (ROOH) L 2 EE 2 SAMRCHEBEYRET 200 B> T2 b0 Bbh i,

£7: 20 0,2 LA E TH % Phosphofructokinase, Pyruvate kinase & tf LDH # & 3
W2 LE- 24, B Pyruvate kinase & LDH S 2BHBC LR 2 TV RANABRD - 5
TLTw3, —A, BIaVF—HEER I Dira 2 TCA ElI#D Malate dehydrogenase @iEY
KEE L AFERBSRE S TR,

g 7o~ I RRs (k= BEE T, @ Chow & Tappel i2 k5 0.7~08ppm 0 0,42 7 H
BBz 7 v b ORFTOYiR L EEEENE L BREIEE (TBA RIGDE) OB 2 K&
BEREPR2ITFELEY,

DR S 2L AREERBORERFETH S G6PD oHin: £z L > TE LU NADPH %#7)
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Table 2 Effects of Osexposure and dietarye-tocopherol on malonaldehyde forma-
tion and activities of GSH peroxidase, GSH reductase and G-6-P
dehydrogenase'*.

TBA reactants, GSH peroxidase, GSH reductase, G-6-P dehydrogenase,
sy  DMoles malonaldehyde/  nmoles GSH oxidized/ nmoles NADPH oxidized/ nmoles NADPH formed/
a-tocopherol, g protein min/mg protein min/mg protein min/mg protein
mg/kg diet
O;Exposed Contral ~ p  OEwoed Coniol  p OFxposed  Control P O;Exposed Control  p

0 162+419° 82+18 <0000 50+4 30+0 <001 118+9%9 87% 7 <005 236+ 7 154%11 <0.01
16 134415 70+ 9 <0001 39+526+3 <005 114+9 10713 >0.1 21629 158+ 7 <O.1
45 125410 3414 <0006 3944 2445 <005 116+9 98+ 6 <0.] 210417 156+ 9 <0.05
150 122422 54418 <0001 37412443 <001 12518 10515 <0.1 209+17 159+ 9 <0.05
1500 10611 40 0 <0.001 27+8 20+4 <0.] 11844 10715 >0.1 103+12 165+ 2 <0.1
Ke 113425 63119 <0000 38+825+4 <0.00F 11848 101+11 <0.001 21321 159+ 7 <001

8GSH =Glutathione ; G-6-P=glucose-6-phosphate.
dMean+standard deviation.
*Mean +standard deviation for all dietary groups.

AL T GSH 24/ & & % GSH-reductase IFEHEOME & 512 GSH £ 7B U TARIEE *
# 32 GSH-peroxidase EMOHINE ) > 7 LT, O RBBIE L o TELBRLIERO RSB 2B
L, »OEEORTET ¥ v AR R LEEREEE LI TRE L 2TRHBLTWE,
FREFIVERIOLDE OBBOESICEL THBLR = U T ARLIEE O &5 % I
T2EEMHLIEHEABEKTANRT VS, 36120 5 3 LM EERFEORINE NO.EE
O/EELEILIICEIZ I LA NT NS,

—H, COIITHREOREL L AERNERERER TCHL S IO ELE L CRLEE
HIZVR—R-5-YV VISV ELTAFEF-3-) VBB TRINSFHERCED LD TH
5,

FLBEHTEH LAV LK, ThETHARTEL ORBELEEOBFRIZ 203, —BRIVICH
HBLIE R EY I CENRZLBECLEERTHY ) 07 YEXEL L, T8I
MR ENETD, B/ EAY CBIESHINT29(EY), COZEERIO TCARRBENER
ZroTHANKBESZTUITWEIELEbEE LT, ERZETH I ALF—EBBETRH
MR TRPBRBMIE L >TWwWE I EERT, DEREEEO GPDIEH I E X2 cigns
Zean i HARETBWT, NADPH oftgfh 8o tEL o b s, A ths e
% 2w EdRSit NADPH #H8 % % A0 L T GSH-peroxidase-reductase &SR TL 2 s X
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D, £EEREC N T 5 EXZOHIIEEER 2T T3 LESNS, TCAERREL TR
ERZTHSEHCEE£2% Y 5%, isocitrate dehydrogenase ® malate dehydrogenase 2B T %
B EVIRES LI L E WL IERESD L 55, TORABRR NOEBIT L > TREL
Lgaa,

FOfth, 19754 Buckley 522 i3 &t iz 05ppm 0. % 2B S SHESE L, # OFRMERBD

*® 3 ©¥ i1y ERZEMORKEHRABMOEL

Table 3 Variation of sugar metabolism by vitamin E deficiency.

enzyme, subtrate animal organ index
Glycogen rat liver (—)
Glycolysis rabbit muscle (+) AE)
Phosphoglucomutase rabbit (—)
chick muscle (—-)
Aldolase rabbit liver (+}
muscle (=)

(—) (FDP substrate)
{+) (FIP substrate)
rat liver ()
(%) {(FDP substrate)
(+) (FIP substrate)

muscle (+)
a~Glycerophosphate DH* rat muscle ()
Lactate dehydrogenase rat muscle (—} L(x)
liver ()
testes {(—) (LDH 'X'-1,'X"-2)
{+) (LDH 2,3,4)
Lactate rat muscle {(+)
Pyruvate rat muscle (+)
Lactate/pyruvate ratio rat muscle (+)
A-Hydroxybutyrate DH gpig** liver {(x)
rat muscle (L)
Glucose 6-P DH rat liver (+) ()
kidney (*)
lung ()
testes (-+)
muscle (+)
adipose (+)
Gluconate 6-P DH rat liver ()

*DH=dehydrogenase, **g.pig=guinea pig.
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Table 4 Variation of TCA and organic acids metabolism by vitamin E deficiency.

.enzyme, substrate - " animatl organ index

Isocitrate DH rat liver () (=)

rabbit muscle (—)

Malate DH ) rat liver ()

' muscle (—)

Citrate rabbit muscle (+)

liver {+)

kidney (+)

mouse muscle (+)

liver (+}

kidney (+)

B-Hydroxyacely CoA DH rat liver (+)

QAA* (from succinate) rat liver (+)

Succinate DH rat fetus ()

Turn over of mitocenondria rat liver (—)

* QOAA =Qsxalopacetate

G6PD = LDH #EFE L, GSH Bl#icB L Twa I 2#BEBL TS, $5KKRHE6
WRE & 5w 1975 Fi2 Chow 22942 0.5 ppm @ Oyic 7 BREIMIERSEE (1 R SRR Lz E 7 v
b OB & FRMERP O GEPD ISR HE L T 5,

S OWREIE, PO EFESTD GEPDERIZ T v P THBE LA ERL T2 R TIENER &
OMICEEZLRAD TVIRY, ZHEHLT, FROHFD GPDET » F OBEC S ROBE LM
RICHFREOMCERRSNZ L, ZORRIRLZ v P TRI v L ORI OBRBOREER

# 5 MET Y FOMEBIBEINSFA Y « A—F X v CREREREL Y
NEFA ERICHT B A YV REOBES,

Table 5 Effect of ozone exposure on the activities of the glutathione peroxidase
system, and level of GSH in the lungs of monkeys and rats?%.

Species Ozone  GSH peroxidase® P GSH reductase? P G-6-P dehydrogenase® P GSHe P

Maonkey Exposecd 22+4 33+4 13+4 4748
N§d NS NS NS
Control 203 3545 20+3 4244
Rat  Exposed 84+4 65+7 78+6 38+4
<0.001 <0.01 <0.01 <0.001
Control 70+5 53x7 6249 3142

2 nmoles NADPH oxidized or formed/min/mg-protein,
® Student ¢-test. h

¢ nmoles/mg protein.

4 Non significant.
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Table 6 Effect of ozone exposure on the acoivities of GSH peroxidase and G-6-P
dehydrogenase, and level of GSH in the erythrocytes of monkeys and rats®*,

Spceics Ozone GSH peroxidase® Pe G-6-P dehydrogenase® P GSH* P
Monkey Exposed 15+4 1.4+03 7.340.8
N&d NS NS
Control 1443 1.5+0.2 1.7+£0.9
Rat Exposed 57+8 7.8+09 44+05
: NS NS NS
Control 53x11 7.5+0.7 48+0.6

¢ nmoles NADPH oxidized or formed/min/mg hcmoglobin.
b Student s-test.

¢ nmotes/mg hemoglobin.

¢ Not significant.

iF % F < T8 (Species) DAV L 2RBZHOERLRL T30 BbN s, 8581, B
ZHEOBNIZEL TR 2O L 5% Species DEWIEHD T34 L BH (Strain) ‘CDEL:’M% {Sex)
DEGE20UTH NO,ZESTL {HISN T A,

i) Z“ELERog

wiz, FEREAO NOBEORELHRTAS, InML Tid Buckley & Balchum?® &% i
Ew M2k 3 Aldolase, LDH MR IFLDH O 7 4 V¥4 A DE(CET 2 —EHOHEFR 2 2
tww%éoif,ﬁ@?tsmlmmnwNQE@&%EL&%@@%@&@AMMmeth{
EHoZEbERL D,

Aldolase EHE DI LI TH 2 5D 12 AR T 51 22 L EINARHMNTH 3,
OB IOAERV 26 HETREM LB TOEMEEMERL D #EIZEY T2 42 CEELBRSEE S
oYz, 2R AB TR EHTERERCENL, BrHBREELBYER L, NOBRICL
LB —EOAAEE/ LR 25, 2L T LDH B T~ TOEBIcs W TIE
P ORETEINERL T3, 28, HUL NOBBIC L > T Aldolase ® LDH SR T2 &
ORI TOES Kosmider 6 2B L HET2E L OARBRL-THHE S L, 25K
Hueter & 2 & 0, QBGOSR L FAERICOEEL TR TARFAL I TwE, —F,
CHRETRTELME2E U LT 2 2EEEDC LDHEROEMOBF I >0 T H Sherwin
3 Evans &9 & 2 \»i3 Margolick &% & X - TIiOEB{LEN S 2 W idEFENE» & D
RERHEHREENTWE, 2L 24, Sherwin 520 igE+ €y P2 2ppm NO 28 L T 1, 2 & Uf
3L - T LDH B0 HERR ERHROE{C 2T, 2o NEHREIIEREcEmL
[ BUBRRE L ZHERR SR L TV A L 2 WMEL T3, 26, Evans 5% X 20 & 5 L iifa L&
D 1 BfifEH NO BRI L VB2 0 TR T 20X LT, Hﬂﬂﬁ@lﬁﬁﬁ@ﬁw%ﬁ@
TAHAIEETLIOTHL I BT A,
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Table 7 Aldolase enzyme activity levels in four tissues of guinea pig exposed to 10
ppm nitrogen dioxide?™.

Aldolase Activity (units/hr/mg Nitrogen)

Days of
Exposure Tissue Control SE Exposed SE P valuest
Lung 380 +21.8 700 +33.4 =0.00it
Liver 220 +45.7 275 +51 >0.05
2 Kidney 390 +52.4 475 +309 >0.05
Spleen 235 *96 220 +7.4
Lung 320 +46 308 +38 >0.05
Liver 175 +24.6 180 +28.8 >0.05
¥ Kidney 490 +33.7 425 . 251 >0.05
Spleen 265 +134 235 +114 >0.05
Lung 325 +10.9 283 +10.5 =0.005%
Liver 175 +10.7 210 162 >0.05
2 Kidney 500 +24.4 400 +20 =0.01t
Spleen 195 +36.6 . 260 +379 <0.025¢%
Lung 375 +26.6 640 +334 =0.001t
Liver 205 +11.8 270 1256 =0.05%
? Kidney 530 +224 310 +21.3 =0.0011
Spleen 420 +40.4 283 +30.6 =0.025¢%

* Change in optical density (OD) equals 0.001/hr/mg dry weight tissue homogenate'?.
tp= 0.05.

D&%, Mk s LDH SEOMMEEL 2 BROBENELCHFR I oM TE s <
LDH B0l T MR 0o OO L5 4D ThH S L AUR S RO v ~ A TOH
Feir Adaptation T 2 2 L 8THE A, £77, Buckley 53913 NOBBIC L ABEEEE SO
LDH isozyme /%% — ¥ QE(LIC D TRET 21TV, BEIED/D 3 WERKHER VY FOEEHSE
M5 e Ron LESHRBRO - S eam L,

—#, 1967 ££iz Davidson 5°® 2 3 KRT & 915, 8~12 ppm @ NO,IZ 3~4 HABRE L 12
Y FOBRMTOBEZEDTFE (Pao) PEEICETL, KEBFADE (Paco,) b FHaEMErL
L oEAERELTWE, J0OLE53% NOEBRK L2 Pae,DIEFHRRKIT L D EHOEEED NO,B
BiroLT L RN ANTVS, BAS B4 CTET L5127 v b 0.04 ppm, 0.4 ppm K UF 4
ppm @ NO, 28 9 o AR USROS O Pac,st 04 ppm £ 4 ppm B THECET LBV
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Table 8 LDH enzyme activity levels in three tissues of guinea pig exposed to 10 ppm
nitrogen dioxide®”.

LDH Enzyme Activity Levels (LDH units/mg N/min)

Days of
Exposure Tissue Control SE Exposed SE P valuest
Lung 8,530 +298 12,100 el Wi} =0.001tf
12 Liver 7,200 +112 9,200 +298 =0.001t
Kidney 11,400 130 11,800 184 >0.05
Lung 8,050 +36 8,300 +88 =0.025¢%
26 Liver 7,200 112 7,900 +165 =0.005¢%
Kidney 9,400 +129 10,900 +430 =0.01%
Lung 8,250 +204 9,850 +345 =0.005T
45 Liver 7,620 +185 . 8,050 +420 >0.05
Kidney 9,400 +277 11,550 + 380 =0.001%

* Change of OD equals 0.001/min/mg tissue nitrogen .
tp=0.05.

oL EBENEKE>TWEIEFRWE LA, & 5% 0.04 ppm, 0.12 ppm K F 0.4 ppm
NOZ9»E L 18 AMEEREE L EBRE BV TL 04 ppm BETOAEELEN S -1 I L 518
WL, EEEMET04ppm M EO NOBBIZ L TRIAZERWMEL T35,

LT, COERSHREBEMELSEIAEREDWTELTAS E, F1 103 whole body ~o
BETOLOOMVAHOBETICLATHETHD, FL2 I NOBRB I L » TESHBOBRIESE
PR Z L L 2 MPBRSEDETOMTEESEL NS, F1OTERECOLTE, #$HR
BT e M ERWT 0.04ppm, 0.12ppm R 04ppm NO, I 3, 6 RO HARBE L /- ER
& 1 whole body OB EHES 04ppm HT 3, 6, 9 P EERBO TN TORIIZ 10 %5E0ET 1
ZoTWAHIELEFEDHTWS, LaL, ZOHS0.04ppm #Hr 012 ppm BTREERBZ I A
HTHEER ML, 6 20 92 BBEPROERC DN THBEY _RACATwTwikz, 202
&4 5 whole body OBFHE X NO.ORBBE - BRI - TEMCELT 240 THS
DB S, o, 2 OFEREMIC DV T Buckley & Balchum®® % 10 ppm NO,iC 45 R E T
ZBmMINT v POREROBMENE QO0,) KEF2HE2R ZLiRd (£, £rob
PHE, BELLT/VI—A%EML 19 HB @R, &, ML & i TREHE
BoEEEs L, 26 HELUBE TR S B TEEMNINZ AL, FeBETL 32 5B THIFE
BRTLRR NEEREINNED A TS, 20 L5 NO,REOE R >Rl b 5 2 A,
E, iz ro%{oBRCEV» T in vimo R TOBBIHESENL T3, JOLIBKERREY
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Table 9 QO, values in four tissues of guinea pig exposed to 10 ppm nitrogen
dioxide?™.
With Substrate {10xm Glucose) Without Substrate (104m Glucose)
Days of
Exposure Tissue Control SE*  Exposed SE P valuest  Control SE  Exposed SE P valuest
Lung o e e e
Liver 1,129 +59 1412 £110 =0.05t 1,756 +358 1,387 £50  >0.05
. Kidney 536 17 1,249 +40  =0.00tf 567 =11 1,198 *45 =0.001F
Spleen e
Lung = - e
Liver 1,576 26 1,641 =188 >0.05 1,739 +148 1,493 +61 >0.08
® Kidney 545 +34 638 +83 >»0.05 581 +8.9 831 =31 =0.0011
Spleen 776 +18 782 17 >005 87 16 797 x121 >0.035
Lung 63% 19 935 +41 =0.001t 732 £19 966 £61 <0.005%
Liver 1,690 +37 1,5%0 +85  >0.05 1,744 +19 1,420 +64 =0.001Y
% Kidrey 817 x40 981 +10 =0005t 83 12 860 +63 >0.05
Spleen e e e e e
Li.mg 494 +35 961 71 =0.00it 433 =27 734 35 =0.00tt
Liver 1,360 +48 1,951 +52 =0.001t 1,465 +12 2200 *26 =0.001%
. Kidney 480 +6 769 +3%  =0001t 508 37 884 +38 Z0.001%
Spleen 787 x22 1,027 +34  =0001% 769 £32 981 +30 =0.001%
Lung 706 £33 1,439 +45 =00011 785 26 1,371 %32 =0.0011
Liver 1,839 Lo6d 2,113 £30  =0.005¢ 2,044 +31 2,055 +103  >0.05
45 Kidney 677 20 1,024 +£23  =0001t 952 +35 908 +37 >0.05
Spleen 879 +21 767 +42 =005% 800 £22 870 +35 >0.05

Units, (ul/g dry weight/hr)

* SE indicates standard error of the mean.

1p=0.05.
F OMENELR (QO) DRAEHTAEY M ERTOEREBHMEICERL, WEL TR, BEERLTH
SREYA—FEED, £ 100X, W HOELLEBFAGT, Umbreit 57 OFEICEH>TIA
EaA—%—T{Ta1:,

HFOffE~ 707 =R D0TH Acton & Myrvick® iZ L o THEZI N TS, LHrLas
5, B ERERVRED whole body TORBMED 7 — ¥ Lxfha g s ~sRE VLD
BRNE T 2 BELZOOT, 0.4ppm NO,® 9 »AREC & 5 (EERIEDREHE L~
NVCOBREBOMINC L2600 3 hidbh %0, Lo, HARO IAEERE NO.2S
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—f, IO&IhAFyIy IRB LGN, FRO LD 2F L JFR2HABOHIIE © HEr
BRI RETH 2 BBREES T 88, NADPH-Cyt ¢ reductase ® Cytochrome oxidase %
FOBTFEEREREEIIEEOBAL & L ICRBMCETL, BHS ARCRTERES L b I0E
FEBIOH 1/5 w72 0, #2 Hexokinase, Phosphofructokinase, Pyruvate kinase, Aldolase %%
Vit LDH % Y OFRO T ERBREHEEEA L £ b iinL, BE5 S BENOR
B bR I EPALN T 59, ZRRIRIFRSRINRETOEL AV -HEOb ET
47 5 BO—FED Anaerobic adapration £ X 5N TVv5, ZOHEBERE &5 ERAHRE
HOBETE 27— VEF Lk L 0 IRAREORRSE (Po,) 2 LIF TP 5 L HLBEEARY
A% T EHHIENT WA,

Z Oty BB AL T Simmons —IRIZ & 2 £ FARIMERIZHNT 3 in vitro TO NORREIC L 2
703 — AR & HIREA O Redox ratio (NAD*/NADH) i3 2 —#OFFFERH D, NORER
LA @ redox ratio KX S LRI BRERE LY, ZOI Eh o B 51T NOFREEY
NADH-KFHBEROBESE AP 0SB I THREELTBL T a,

—%, ThETh~TRL-BROFOBRESTOET RESME COBERRERED I 3 £
Lo THLATEAMARSE - 58 & b ERBRECSp IO L TEROERRTHS
~EZOy (Hb) RED LI HEEERL TR 200 PR O —E T % Rapopert-Lueberg
EIR D 2, 3-diphosphoglycerate (2, ‘3-DPG) OFEOHPSRRTH LI,

L T T T
T.40 o
(e S

7.20

pHa

o
‘-é 4OE —
= 35 %—H k
[=)
g 30 —
o —_
- 10 -
o
T 100 e
£
& 90 E
o
a a0 E
L i 1 1 1
c 0.04 0.4 4 (ppm}

NO; concentration

4 1&&%)N029 HERZD T v FEIRIN pHa, Paco,, Pao, it RiF 8% (EK
Feg) 3D
Fig. 4 Effect of NO, exposure on arterial blood pHa, Paco, and Pao, in

unanesthetized rats®®,
(m + SD; n=6; *p<0.05, **p<001; ***p<0.001 ; C, control: )
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3. NO.&FIZ & ® 2, 3-Diphosphoglycerate D& 1L

i) 2, 3-Diphosphoglycerate =B KR

2, 3—Diphosph‘oglycerate (2, 3-DPG)} HE 1 c/ma iz &k 5 2 D-glycerate-1, 3-diphosphate
# & diphosphoglyceromutase = X - TR & 41, FHRIC SRS WRBICIR L BET 5, 55
LEMoARMRF I IFRECTFEL, TOBREZN6mM T, SEIFmMHFoL) v BED
BB EEDTVE VDR TS, FOMRTTF /Y YRA2VAF 269, BEY > 20
10 %RBETH 5, ‘

R THAIBRE 0k 5 2 HRICHEEL TV 2, 3 DPG 1 X0 & 5 2SS0 H 5 R LT
WEDTHA I, TOI kL 1967 iz Benesch 544" » Chanutin 64 i £ -T2, 3-DPG i
FMPTAEroEy (Hb) OBE (O, X3 2HME2RH T 2@ 2L T3, kvn3 2
LA E —BREB R H U, b5, 2, 3-DPGII Hbh LEEBES L THbO YK A~ g
YEEZ, RIROBEHEEFELZLs s P ERLLEITHS, Sz ARk
B SRR MR I T TR OB D 2, 3-DPG U VO BE T 2 F -7 25U 19, 2, 3-DPG I
Hb LOEHESFC LD FDavhA—ya rp&bad, Hb»o OBEXE S, KEfHiE~0
OO EDHE LT D, 2O & Hypoxia BBRIE) KBWVWT, 2, 3-DPG &&4H0
L, Hyperoxia (BERFHE) B WTET T3 (B6) L9 Lenfant ©°%, Valeri 5%, Oski 5%
B Of Weissberg &% OH&GIC L > Ty E s iz,

CUERT LI 0 %BBECEFTERICE S ahklE0 2, 3-DPG 234 8pmoeles/ml-RBC
THDZDWNLTO%MBHIT 5 L 2, 3-DPGRIETL, ¥ W0 %DEBRRERICES63N05
£#] 10gmoles/ml + RBC ~ & 0L 7z,

ZBE rARIERT 2, 3-DPG B L THREES L L 2F/NLBHSH L0 TEHEsIY:,

i) NOHEBW L322 3DPGCoZEd

1973 &£, Mersch &% ZEALF v P2 036 ppm @ NO, % 1 HHEHEEE T A LIk -T 2, 3
-DPG 0EELEMLERWIE L, R10ZRICERE 4 BT LFERETLTE D, BThoBs
WWEWTY, NOZBHO 2, 3-DPG BIINBEHOMELI D /EE2TLTWE, ZORRIIKEF
fE (Hypoxia) OESLRIBOEETHD, Kicib~iz Davidson 5%, 459 @ Pac, /K F O
BRELLI(HETE2H0TH2, Thbs 'NOEEC L3 2, 3-DPG oI, iz Hb L OEE
HEBRLEDZEDI YR A—Ya v ELs T Hb oD QM2 EY, REHEBAD O #8%
BOTHIAESESELoNE, sz ik old, ZOFBRLPLED TNOREIFRe &
DHBEBIERNZHORECETZ, 5 2 & 2EMFFTB 0 Chow & Tappel™ @ O, 8FiZ &
AOEBESANEELRERER O, Buckley 5P NO, 2B X 2FT OfOER TO Aldolase
% LDH EEOeio LDH 7 4 V¥4 AQRTIEE S ORIR CFRIEE 2O FY 4 Sk
HRNTORFNRH COE*TIRES L AbE TEZZ LB THERSZBRTHI LWL
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Fig. 5 Effect of 2, 3-diphosphoglycerate (2, 3-DPG) against oxygen-release curves
of red blood cells*®.

o

p moles 2,3-DPG/ml RBC

o

10 20 40 60 B0 100

% oxygen

B 6 WAEZFOMEFERORVE L ZHAMERT 2,3-DPG v <A DZEAE.
Fig. 6 Effect of varing concentrations of oxygen on red blood cell 2,3-dipho-
sphoglycerate (2, 3-DPG) in 4 week-old rats™.
Exposures were carried out for 30 hr. A dose-response relationship between
percent oxygen and 2, 3-DPG was demonstrated by Jonckheere's test at a level of
significance of p<0.01: m + SD, n=6.

b

LlE, BB EhLELTHF Y P38y AL TORRPIRERO Z d BT 2
BEBE T2, COXEMNEROT TRAS 2 5 ERERBBRHC L ARHROE LA~
FeyMELLRBLTWS I RBU S, ok 2, HEBENERE NO,0 1 »AREOERIC L
h, BEEEOEENE (QO)REBELIEMNT A2 LRELLAK TR 2., ERAEERNRSET
BENT 2003 pREsNTHLRY, IABYOL S RELERTHEEFHC LT, B
BEREE L 2 REILIEEERO AN 2 AL 2EL BB CEE R XD, 58, &
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#F 10 0.36ppm NO, Z2BE A v + OFMmekd 2,3-DPG &£,

Table 10 2,3-Diphosphoglycerate phosphorus content of red blood cells (i mol/ml)
in guinea pigs®®,

Group i 1 2 3 4
Control 21.30 23.20 18.625 17.650
19.30 24.40 17.025 16.650
19.80 17.00 16.625 15.550
20,05 17.00 17.325 16.250
b
SD 0.8508 3.9564 0.8655 0.8770
Mean 20.1125 20.4000 17.4000 16.5250
Exposed 24,650 21.175 30.925 20.600
25.450 28.775 34.625 22.000
17.950 22715 32.925 20.700
25.750 24.575 30.325 20.700
SD 3.6959 3.2756 1.9619 0.6683
Mean 23.4500 24,3250 32.2000 21.0000

* DPG pmol values are equal to one half of the phosphorus values.

SR AE» SEBERFSBROEARERBICE T INEOERCED 2 LEXED, ZTH o0
EHCL - THERV AN TWABERSELOLBNER SIS 42 b0 Ebh 2,
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Effect of Exposure to Nitrogen Dioxide or Ozone on
Sulfhydryls in Lung and Blood of Rats

1 R i
Meiji KAWATA!

=2 =1

NO, £ 0. 7 v M EBL, BhUm#EHoFESs 37 SH (NPSH), &xfl
TNEFA - (GSH), BB F4 2 (GSSG), ZaUffios 232 % SH(PSH)
KREFTHEEIDTHRET L, NO. 2, BAK, BREBROKR L, 0, REEROE
BreZlicgks, IhiclET 2o eRE » R L .

Abstract

The effect of exposure to NO, or O; on the levels of nonprotein sulfhydryl (NPSH),
reduced glutathione (GSH), and oxidized glutathione (GSSG) in lungs and blood, and
protein sulthydryt (PSH) in lungs were studied using rats. The results of acute, subacute, and
long-term exposure 10 NO,, and of acute exposure to 0, were summarized and discussed in
comparision with those of other workers.

1. @GLeis
KREFEYETH 2 "BLEE NO) 4V (0,) RELKBILESETZESTHELTY
2, SHE*FT2LEMIEFENTEELBELERLOMNE L, TNE H 2 ER T SHESE
BBt ah a8 i3 L 8FE2603 2 e NO, ¥id 0, D&ER SHLSicxt T 5%
B oo TREROMENREINTHS, L L SHILEMRTELET, #{0YE L HELR
IGEFRT LS, HELZES OMENE AN TV S, B2 E£E s bEMich > TiThi
TR TAKERMEOR B L UESERO AN T 2 I B T 5 RESRIITES, TITo

1. BEAEMSEET Rt 7305 FRBREESSERE NI 6 %2
The National Institute for Envirenmental Studies, Basic Medical Sciences Division, Yatabe-machi, Tsukuba,
1baraki 305,Japan.
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f2, 5w FOMRUIESRS SHAESWicRiE+d NO, Xit O, 0B B > T OWRERE L, Eiis
BTG wRE LT, 22 TR IASEL A OERERZEHEL, B ThiclET 54
OFFERE & O EM 21T o 72,

2. MEHEET>ETE SHLSHOBNHES

NO, 30, DIEBERBC I Y MoIES > 2 HSH (NPSH) Rz BT vy F4 » (GSH)
B HIT A, o GSH 84, 6ppm NO, (1 H 483R0) 7 0 (v 7 X)) TELAELRT, 15
B LU 28 ppmNO, (1 H 4 B8 7 EM (v 7 R) TERE D, 0.2, 05 08ppm O, 7 HE(Z v
M) TRBEBECE UL, 02, 05 1.0ppm O, (1 H 4E5HD) 30 HE (w7 R) TRERE,
EBEBECHKTE L THEMLY, 08ppm 0,3 B (F v +) THi© NPSH i3 25 %Ny 523, #
By AERESHTHEET 2 L 2HLUNCEY 2L, 6 ARCIEIFEREICIDE 9 Bk
s @R T Y,

NO, £72i2 0, 2B L7 7 v biio NPSH &% Beutler ¥ U GHT, 272 GSHE®
Tietze " O FHEC I OEELUTOEHE 2872, 48 LU 6ppmNO, W AMORUEREY T
NPSH, GSH R SZBBBEE L ML, 7T i REfERrRE L, 04, 1.3, 4 ppm NO, 1 #[E~3
pABOESHLBE TYNPSH, GSH iz 04, 1.3ppm H#THELZE (LB RS0 T, 4ppm HTHEH 2
B 1 EMLIEE E L #2, 0.04, 0.4, 4 ppm NO, (B E RIZEFEEEY T3, 0.04, 0.4 ppm

LSRN

NOz Concentration (ppm)

1 v b oBTHS VY F4 5 (GSH) Bz RIZT NG, ZEOEE

Fig. 1 Effect of NO, exposure on the level of reduced glutathione (GSH} in rat
lungs
Reduced glutathione levels is expressed as g moles/g wet lung.
Values are mean + SD {(n=6). *: p<005, **: p<OOL, *=*: p<OO0], A0 1L
week, & : 3 months, O 9 months, @ : 18 months
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NO., O, 8805 - M OSHL M U THER

18 » AR T NPSH, GSH (k¥ ¥, 4ppm 9, 18 » SHIBE CHECHML 72, NO, &,
Fal, RESBEEROKEHR L DITO NPSH, GSH i3 0.04, 0.4 ppm NO, EMIRE T ATED &
Ny 4ppm HTHREBR | BHRCERECELLOS Z0Mi 18 0 E#REs i, GSH koW
THO/ERERL R .

Mustafa &7 13 0.8 ppm O, 7 AMIRE T, 5 v M i NPSH,GSH iz REB 3 AR BEEC
=L (HEEHCR L T NPSH T 40 %, GSH T30 % OBINfYT3), LEEAFTROMZITE
—ERHERINBFBRL/I, LrL Th e A—RHTOERY Tid NPSH, GSH » b i 3 il
14~23 % D% R L NPSH & GSH oM BB ZRRohk oz,

HIREO NO, it O, ZRBE THO NPSH X3 GSH 3B L, O: BB TCRERER, EEREEC
EELTHIT 2 Z e a8 oniz>? BEFOMO NPSH Xix GSH OBEEC i+ 5 4Hit, 20
ppm NO: 1 HFH (Z » b) T80~60%%, 2ppm O, 8] (5w ») TH5 %Y, 7592, 50913,
4ppm O; 6K (v 1) TS %P LELLIHA L, Lol 4ppm O, 4 B (w2 ) THiD
GSH izt 3, 8ppm O, 4 B (77 R) T 86 %", 8ppm O, 3MEET (=% R) T 46 % % T
LI, Ty b TV ABITS 0, O GSH ~AOEEOBHREELIZ2b0LEI 50, =7
AFMENIC BT HBRREOESTD Shi,

£ 7%SH (PSH) B SHE L D NPSHEAEBL3{ i bkonohnsd®, o
PSH iZ 4ppm NO, 30 BRI (Z » )%, 08ppm O, 7THM(S v F)9, 2ppm Oy 4 B (5 w 1)@
TEAELZ2vAY (NPSH RUGSH BERTCHINUIHELT2), 2ppm0; 619 K U5 8% i (5 v
b)y 4ppm O, 20 (Z v 1) © TRERMCETFEL TEELEI Lz, ThoDERs oMt
FeR7ESHENGSHE LIV S i heb s, NO, X0, DEELZIHOI L 2nHs
BT 0 Fo#,

0; ZE X 501 GSH OEF MO LKA LERORE L OBFIC S W THALHEYND 5,
AP OBTEHETHAGSHEEF s v ClehiZdT O, EE0EE ML, B4 12 C
RS ERERVIELBREICLD O, oRELIHLLY, 0, BB TE S 3 VEXRSA#ES L
7 v TRAFMBRBD GSH 035 L9, w7 A0 O, BB T, HE S -0 GSH igimL

‘I)-C d o

3. M HFET 5 SH LS OBkt

ROBAMZRAET SHALEMERLT 2 L ZAF LD PANT 1 F, Bid SHLEW L TRE
VANT 4 FEERT D, in vitro DR T SHALEC NO, ® O, 2/Ei &, FoOMbERY
A BEH L, PANT 4 FUACEICBLORAREZ OB{CEY, NO, t ORI TERES
UCHBELEONTWE -2, BRI Y 74~ (GSH) @fgfbic & - T4 U R (GSSG)
BRI BT A THIGSH L 2d 2k, F4A—A LY ALY 4 FORBRIEIC X 27T GSSG
SO SHALGY BT 5 2L, SHILEMII 7V -5 A LVEE® C k> T b HOME
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LRIET 3% & SH L 8MOBLEGOARRENR TH 5, A TEERTE, SH LEMD
REC ST 2 B2 ORESEET 50T, LHT0 SH LAMORLEEATEL BT 2103
PE L IES S, NO, Xik O; B8 L B0 B it SH b&moBbic > 0» T O
xS 0H, ERCBEEEERL AL, 20BHE LT, (LEARTRIEST SHILS
M2 ORFEASBTHE LTHEAT 2, QREBE O, RETLHOESNF SHEHOBLED
BEHMNEHLD, GHESFSHbgME 7 vt HSH o ERT2RAVALTA FEERER
TAENLAENEEL AL PO ESET bR,

FNEFH v 25 —¥(GR), DTNB, NADPH #fw3 HEW c kb, NO, X2 O, 28
BL27 v Mo GSSG BEHIE LU T OFEEB7:, GSSG i3 10 ppm NO, 1 HES# Tl
fEE, 20 ppm NO, 1 BHEISE CEHEIBMNL Y, 0.04, 0.4, 4ppm NO, BBEREHEBEFR T,
GSSG K# 1 1RTUL, 4ppm 9 »AM, 0.4ppm 18 » ABRE THIIMER 2R L, 4ppm 184
BB cEECHEMLL: WO/ vy FA4rhoRERINS F4 »EERETHRLIERITA
W R LI), 04, 1.3, 4ppm NO, 3 2 AMSHE Tidlio GSSG BARLELERE LY, 0.8
ppm O, 7 Ef, 2 ppm O, 12 I, 4 ppm O, 6 BSRIBRET, 5 v F 50 GSSG AT ML 725,
LFNORBHTLEEETRL LY, ZOBS 2R dopm BT, HCE 3BTy F4
BIDLHBWEOPSH B EO T2 Eme, ¥o s ESHEEBWTYALT 4 FOERL T
VBT EAURE S N,

# 1 7o FMiOBER ALY F4 2 (GSSG) B idd NO, BBEO®
Table 1 Effect of NO, exposure on the level of oxidized glutathione (GS8G) in rat
lungs

9 Months Exposure

NO, First Experiment Second Experiment
Control 0.030+0.008 0.025+0.004
(.04 ppm 0.038+0.012 0.024 +0.004

0.4 ppm 0.039+£0.011 .025£0.004

4 ppm 0.037+0.008 0.035+0.003**

18 Months Exposure

NO, First Experiment Second Experiment
Control 0.032+0.019 0.0234-0.006
0.04 ppm 0.036£0.010 0.025+£0.003

0.4 ppm 0.047+0.010 0.033+0.006*

4 ppm 0.065+0.018* 0.036+0.006**

Oxidized glutathione (GSSG) level is expressed as 4 mole/g wet lung. Values are mean = SD (n=86).
. p<0.05, **: p< 001
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NQ,, 0, 8B ol - himeSHbSmic iz TR

DeLucia &1k 5 v b 2 Hvi7z 4 ppm O, 6 BEAIRBEOEER T, MO GSSC pigmER s ¥, L&
DEE> L R EREEL, L L ZOMEDOHT, GSSG OHIZ MBS B - 7272 DD GSSG
BuEbs@EoeoninE T2RBMICIEMDH 5 & E¥EH 2

R LA T TR MR Heinz bodies (14 Y /M) #SEEET B, 0, XigA Y = K OFERI
L % Heinz bodies £ L 34 > ¢ 7 ¥ SH (NPSH) RUANEZ vy OMS oW THRURK
Lty MERP OIS F A RBICEELTGSH ENEXLEX LD Y AN T 4 FOER
FEOHB I OWTHAS T8,

BAbshst- i, EENREETS SHEO NO, Xid 0, 2 & 2 BN ZEACET 2T &
Vidd, —H NO, i3 0 DRZFRMBE L LTOEEMEE 7 ) -7 VALMRIEOBES I & - TAR
T5EERCIEE L OFEESH LS TWw 32, Chow 53 2 LD O, BB TIREARLC
k BREE T A MO EREE » L T Peroxidative Metabolic Pathway (PMP) #3Riti:, PMP
FI2i3 GSH & GSSG k O mLEMERLB CRICAEAR TR TE D, 22 TO GSH OREL, T8d
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