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Effect of Acute Nitrogen Dioxide Exposure on Pulmonary Function of Mouse

. | BA B mEEE B s

Akira K. SUZUKI', Takamichi ICHINOSE' and Hirokazu TSUBONE'
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Abstract

» In order to clarify the effect of acute NO,; exposure on pulmonary function
of experimental animal, mice were exposed to 5, 10, and 20 ppm NO, for 24 hr.
Expired gas (Q,, CO,) concentration was measured by head enclosed method,
arterial blood pH, Pao,, Paco,, respiratory rate, lung wet weight and lung water
content were examined. -

AD, (difference between O, concentration in pure air and O, concentration in
‘ the container) was higher than control at 5 ppm exposure, but lower than control

1 EAHBET R T mRESH Sa e T e F 2
‘ The National Institute for Environmental Studies, Basic Medical Sciences Division, Yatabe-machi,
| Tsukuba, Ibaraki 303, Japan,
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at 10 ppm and 20 ppm. ACO, (difference between CQ, concentration in pure air
and Paco, in the container) was significantly higher than control at 5 ppm ex-
posure, but lower than control at 20 ppm. Respiratory rate (RR) in the exposed
mice were increased dependent on the NO4 concentration. AO, /RR and ACO,/ RR
were lower than control at 5 ppm and were significantly decreased at 10 ppm and
20 ppm NO, exposure. Pao, is slightly increased, but Paco, is significantly
decreased at 5 ppm NQ, exposure, from which seem to be slight hypocapnaemia.
Pao, is significantly decreased at 10 ppm and 20 ppm exposure, Lung wet weight
and lung water content were significantly lower than control at 10 ppm and 20
ppm NQO, exposure.

From these results, it is concluded that O, and CO; metabolic rates may be
accelerated in mice exposed to low concentration NO; exposure, and gas exchange
functions in lung assume to be depressed in mice exposed to high concentration
NQO, exposure.
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LT, H 1 @i ic e IBRE &5 LR # ABE O AN AR Lic, MAERE K v ~iaic X
DRGDEFEL20.9%E HHE DT, FRYT 32 LKL > THRERMKEBOTRBIOBARIZA
O, IR BRI B . Licdd » TR RIN OIRRE R O MFRE & B 2RI
CORG &5 ICHLBEE REY L, RES Y RINNT 5, ChonESER0Eng 8 L URED
% 402, 4CO: ( 5 Oy Fr¥ C0p) ETTE, 40, OHNE, FHEIORFESREOET
T DDA~ OBIRSEN L AR L, I 40, OBNE, BENORRDELDY
HEOVET S OEERERRORDETT EFRTE 5, $LRMKIC, REFREE <hOEH
BHEOBEALL, FOEEACO, & LD TACODEMEE, SEAD SORMA X FHED
BN A, BT ACO OFVDIZEIE N 2 OIFHRORDE RS L LK S,

CCTHE L MieE S (i ) B EOBIEN R {020 16.2%, CO2 - 4.9%, Nzss7 V2 )
B, BRI NLEEFRERV 2~ 3EREAL DETLEC L -TRERELZTE UM
L, '

—F, BERICER Lz v AOTEE OEEOEE#EIZHN 9.8cc+ 1.2¢c { @8 ~ 11.5¢cc ) T
SRS BB E ORICEENENL D -0 T, BEESPOREHRVIERIOERE, MRE
RABERORTAEBLVEELONT,




FES A AR, 7 0o s REREET CRABRS S 0.2~0.0 miOEBiRMmEiRMm L, Fiki
thd pH, MRS E LPRBA 2L pH/HA s (2 — =7 168 )‘C%:Ofﬁ}ﬁbf\:o il
ERTHR, MoOSREREERER ((105°C, 10RREEE ) koA BRERD 2o

FEREID LS B LRI =R MR 180 > 2 7 4 &{BHI L 72,

s =B

1) 40z & 4CO, DEAL

BIHHEBAND 40, & 4C0z KHWT, MBHOMERE 100% & L TREFOE(LAMH
BETHE2ER LI, S5ppm BHEH T 402, 4COz & bicknas L, Hic 4C0, GHEEICEm
Lo 10ppm BEHTE JCO5 RREEE it LTOOmOHIEAE, 40, 1S HR A7 L
t20 20ppm BEH T 4C02, 402 & BICETHEB 2SR L.

2) PRI

i L7z 402, 4C02 OEALIE, FOBAENE(LOMICFREICKE LT3, —FlGEE
—FE L RE LA IR G R AR IR 55 5T h D ICKERO &5 i BRAEEOES
i, BRTOBFEREE B LU RS R B AFR AR U, SFBREOELIC S MG ROz
{k, DWTIE 402, 4CO0ELETF BT EBTFHEND, I THREHOELIZOWT
40z, 4CO; EFABICHBEA 100% & LTREROBLEATE LR 3ICR LI &  VPRE
i1, S ppm B THMED 134% ( P<C0.05), 10ppm BT 146 % ( P<<0.01), 20ppm BT 162%
{ P<0.01) & NOz B35 DEMICHE » THS i Uiz,

— T T
T T T T 170 -
130 -1
— 180 ¥ S
~e . s ‘
? £ 150 ]
£ 10 . s b
3 ¥ a0k .
(1o
% 100 <) = / |
k2 R 130-
T, 0 . —
3"
2 ;E 120 _
Y 80 b b
o = 110F -
2 70 ~ 5
= 100 |
60 | | | -s_
a ) | ] ]
Mg 5 10 . 20 | 2 S0 5 10 50
[~ 4
p concentration (ppm NO, concentration(ppm)

2
X 2 BHRPOD 402, 4C0O2DEAL 3 FEREOEAL

Fig. 2 Change of AQ; and ACO, in the Fig. 3 Respiratory rate of NO, exposed mice,
container, n =6, * P<0.05 n=6*P<0,05, ** P<0.01




3) 402/RR, 4C0O2/RROZAL

i Ute & 5 i FER A RERIBE OB > TN L T 5, Lich » TR0k /2 b O8E%
BEURBEN ABEEARIT 5101 402, 4C02 % £ hZ HIERE ( Respiratory rate, RR
LB ) TE| » THR 472 0D 402 & 4CO DELER 41 AOz/RR , 4CO2/RR THL
1o

A0:/RRE, Sppm B THHEEDER%, 10ppmBTEEHE ( P<0.01), 20ppm B C48%( P
<001} ~EEP L ACO2/RRES5ppm EETE5%, 10ppmBETT71% ( P<<0.01), 20ppm BT
60% (P <0.01) &8l Uiz,

120 - T

110

100

30

70

60

AOZIRR, ACOZIRR (% of control)

50

40

C 5 10 20,
NO2 concentration (ppm)

Bl 4 40:/RR & 4C0O2/RR OIEA4L
Fig. 4  Change of AO,/RR and ACO,/RR
in the container, ** P < (.01

4) FIRIEEEZE ST ( Pao ), REEH ZANME ( Pacoz ) B8 LU pHO AL

7 on ko o REEE T CERENRD O RIM L - TIRMOBEESRE ( Paoe ), REH RS
A{Pacoz) & pHOELER 1 LR LI

RICK LIk 9K pH 3B LA EEAED32 < Pacos BB E B L Chppm THRHD 19%
(P<0.01) X0 10ppm BE87 % LETHIGI% R L, Wi 20 ppm BT 107 % &R ERE £ 75 Lt
Paoz it 5ppm BECHIRD 103 % & #MNMER %R L, 10ppm BETH8% (P<0.01), 20ppm BT -
1452% (P<0.01)&ETF Ui,

5) M@ mL L BRkaESROE

MEER LMk EROE(LEX2IGR L, MBEE, fikaSEE I NO: RBREEOH



MO hE - TRIMER 2R L. 0ppm Pl EOFBEHTRES & LIcHEREMAER L,

#F 1 5—20ppm® NO, & 24 B¥HIREE U=~ v A DER M Pacs, Pacos pHOZE{L

Table |  Arterial blood oxygen tension, carbon dioxide tenswn and pH in mice
exposed to 5 — 20 ppm NO, for 24 hours

NO, Concentration Pao, (mmHg) Paco, (mmHg) pH
Control 952+ 16.2 46.5 4.8 7.28 + 0.04
S ppm 77.9+ 13.5 36.6 £ 3.9%* 729+ 0.04
10 ppm 61.3 « 14.7%% 40.2+ 4.5 7.28+ 0.06
20 ppm 50.2 £ 16.5%% 497+ 1.0 7.23+0.04

Data are expressed as mean + SD of 6 subjects, **; P < 0.01.

£ 2 WEERLMASSROEL
Table 2 Lung wet weight and lung water content of mice exposed to NO, at the
concentration of 5 — 20 ppm NO, for 24 hours

NO, Concentration Lung Wet Weight (mg) Lung Water Content (mg)
Control 208+ 9 163+ 12
5 ppm 217+ 16 167+ 14
10 ppm 289 + 47%* 217 + 42%
20 ppm 321  30** 262 + 40%*

Data are expressed as mean + SD of § subjects, * P <0.05,**: P < 0.01.
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An Apparatus for Isolation of Inspired and Expired Gases of Rats

— Function of Apparatus, and Application —
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Akira SHIMIZU? , Hirokazu TSUBONE! and Akira K. SUZUKI
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Abstract

To analyze a expired gas is very important means for investigations of
respiratory function and metabolic conditions in the living bodies, But in small
experimental animal such as rat, isolation of expired and inspired gases by passive
method has been difficult due to technical problems. Recently excellent parts have
been developed for this purpose such as all teflon 3 way solenoid valves, miniature
pressure transducer and their control systems, Using these excellent parts our
working group designed and manufactured an apparatus for collecting only expired
gas.

The present apparatus are useful for a study of respiratory physiology and a
metabolic investigation of small experimental animal, especially rat.
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4, 3 way Solenoid Valve

6. Collector
{nspiration Expiration

= [

1. Transducer

2. DC. 3. Voltage_slgge detector
ampliﬁer 4 1 I
3 i
Rat i
—
5. Recorder
q(\ PTG AN\
AsG

Bl 1 FESH R EEEE OESIE E BB
Fig, | Schematic diagram of an apparatus for isolation of inspired and expu‘ed
gases, and characteristic features of its components

Remarks:
1. Pressure transducer Miniature pressure transducer.
D.C. amplifier
Voltage slope detector*®
3 way solenoid valve All tefron solenoid 3 way valve.

Recordet system

Expired gas collector* - Cylinder type, (0 — 100 ml).

* These were fabricated in Engineering Division, National Institute for Environmental
Studies. :
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PEAK HOLD BYSTERESTS
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Fig. 2 Block diagram of voltage slope detector
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SINE WAVE INPUT RECTANGULAR WAVE INPUT

é%ﬁ%@%@%@é

A

f:10 [Hz] 110 [msec,r'dw] f:10[Hz}] H:50 [msec/dlv]

" f:6 [Hz) H : 50 [msec/div] f:6 [Hz] H : 20 [msec/div]

f:2[Hz] H ; 50 [msec/div] f:2]Hz| H : 50 [msec/div]

3 EiE - EREEANCHT AIEEEN
Fig. 3 Relationship between the input of the sine wave or rectangular signal and

delay of output pulse

Remarks:
UPPER WAVE: INPUT — 1[V/div] f: FREQUENCY
LOWER WAVE: QOUTPUT — 0.5 [V/div] H: HORIZONTAL TIME SCALE
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Fig. 4

v

V,(E)

P(T)

Signal

switching point of output pulse in degree.

L,: Threshold level of positive signal

INPUT

Lo
J_\ \
AN N/
2 Ny R
QUTRYT
o
OFF

—

DELAY

Relationship between frequency and the phase (degree) on the semilogarith-
mic scale. Delay is represented the difference between the base line and

: Threshold level of negative signal

60 rpm 120 rpm
[T T
A T e R T
bt b e ik HEL L R e =
T o M
W 3 {-H
T S
TN YRR A
apk(pEne T
R
el TN VT A | AR I ad R
- T "F Y 4‘4'Mﬁ -
LR R THAE At EHA T B
ok S L
L X BLE R IR R RS
i ) o ‘ 7L,,..___|...,v
- - ERREERRE

-

B 5 ACLUTARES b FH B oD WRIRGH i & Btk D 3083

Typical pattern of the inspiration and expiration using the flow velocity
measuring method with mechanical respirator at the rate of 30 rpm, 60 rpm
and 120 rpm
Velocity of inspiration

V, (E): Velocity of expiration

Pressure of transducer

Signal of 3 way solenoid valve drive




{m})
Y=
100

Y=0.98 x + 0.42

Y=(.9730(p<0.01}

50

Present method

50 100 (m)

Flow rate measuring method

6 FEBFBOEREEFEBDIICEIMBAELOER EOHE
Fig. 6 Relationship between the results of present method and flow rate measuring

methad (Velocity intergration method)
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Pressure m

B 7 HEpOWBg. ey — g
Fig. 7 Typical pattern of isolation of expired gas in measuring
PG: Pneumogram

ECG: Electro-cardiogram

X1 NOz(0.4ppm) & 03 (0.8ppm) % 1 8L 2 B, HEEE LIED40,,
4C0O;z, Vg BLUVy DAL

Table 1 Change of AQ,, ACO,, Vg and VT in mice exposed to NO, (0.4 ppm)
and Oy (0.8 ppm) with single or complex for 1 and 2 weeks.

40, (%) ACO, (%) VE (m)/ min) Vop (ml)

1W exposure .
Control 337+ 0.38 2.52:0.19 117+ 9 1.49 1 0.07

0Z: 0.8 ppm 319+ 032 2481 0.25 128 16 1.26 + 0.13%

0% N0, 5% pprm 331+ 0.35 2531 0.28 126 « 14 1.24 £ 0.15* 2
2IWS exposure

Contro! 571+ 0.34 3.56 = 0.21 122+ 11 1.58 + 0.13

0Z: 0.8 ppm 210 + 0.45%* 1.55 = 0.22%* 133 + 16 125 £ 0.12%

0Z: 0.8 ppm 2302 0.15%* 1.65 2 0.15%* 139+ 16 1.15 £ 0.13%

+NO,: 0.4 ppm

mean+ SD,n =6, *: P < 0.05 **: P<0.01
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Alterations of Nitrogen Dioxide Concentration in Respiratory Tract

of Nitrogen Dioxide Inhaling Dogs
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Abstract

To clarify a change of NO, concentration in the respiratory tract, the NO,
concentrations at mouth, trachea and descending tract of anesthetized dog were
examined. When the dog was inhaled same concentration of NO,, NO, concentra-
tions in respiratory tract were decreased dependently on the decrease of NO,
inhaled rate, NO, concentrations in inspiratory and expiratory gases were also
decreased dependently NO, inhaled rate. The difference concentration between
inspiratory gas and expiratory gas was decreased depending on the decrease of
inhaled gas. NO; concentrations in the respiratory tract were lower associated with
the depth (length) of respiratory tract. NO, concentration inhaled through the oral
cavity and nasal cavity was two-three times higher than that through oral cavity
only. NO, concentration in the trachea was no change with time course.
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Inspiration

Expiration
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NOZ Concentration

ob— €———— 1500my'hr
Bl. 1 33~53ppm @ NQOg ZA SO RRE S NO: BREOE(LD 1 F

Fig. 1 Typical patterns of NO,; concentration at mouth and.trachea in anesthe-
tized dog exposed to 33-53 ppm NO,

25% Inspiration

20
® Expiration

NO2 Concentration

0 1 1 1 1 1 L "
120 240 360 [ml/min)

NO2 gas flow rate

K 2 NO:OBAR (5~25ppm NO: ) EMOHIZ B 2RE & IFLHO NG, #BEF
Fig. 2  Changes of NO, concentrations in inspiration and expiration at mouth
associated with NO, gas flow rate (5 — 25 ppm NO, )
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Fig.3  Changes of NO, concentrations in inspiration and expiration at trachea
associated with NO, gas flow rate (5 — 25 ppm)
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Abstract

In order to elucidate the fates of inhaled NO and NO,, rats were exposed to
these gases and nitrite and nitrate in blood and urine were measured. When rats
were exposed to 40 ppm NO, nitrite in the blood became constant in 30 min,
while nitrate increased even after 4 hours with the higher concentration than
nitrite. When rats were removed to room air, nitrite and nitrate in the blood
declined with a half-life of 15 and 60 minutes, respectively. Blood of rats exposed
to 40 ppm NO showed similar changes to those in NO, exposure; however the
concentration of nitrite was lower than in NO, exposure. In urine of the rat
exposed to the gases, only nitrate was detected. The excretion continued for 24
hours after the exposure. Dose dependence of nitrite and nitrate in the blood of
rats exposed to NO or NO, at the concentrations ranging 5 to 40 ppm for one
hour were alse determined. Dose-response curve was linear in NO exposure and
bent in NO, exposure. Nitrite or nitrate was administrated continuously via
femoral vein of a rat and the concentration of the ions in the blood were measured.
Their changes in the case of nitrite administration was similar to those by NO,
exposure, which indicated that this method can be used as the experimental simula-
tion of the effect of NOy exposure on blood. The changes of the ions in the blood
was mathematically simulated based on the simple fate model and the fates of NO
and NQ, were discussed.
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4 40ppm NORBHO MBI NOI, NO; BE OI4L
Fig. 4 Changes of NO, and NO; concentrations in the blood of rats exposed to
40 ppm NO

Remarks are the same as in Fig. 3.
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Fig.5 Dose dependence of NO;~ and NO, in the blood of rats exposed to NO,
or NO at 5 — 40 ppm for 1 hour

Each point represents the mean value of 3 rats.
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Fig. 6 Changes of NO, , NO;~ concentrations in the biood of a rat by the con-
tinuous administration of 300 ug NO, -N/ml (1 ml/h) via femoral vein

Lines are simulated curves,
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Fig.7  Changes of NO; and NOj~ concentrations in the blood of a rat by con-

tinuous administration of 300 yg NO; -N/ml (] ml/h} via femoral vein
The line is a simulated curve.
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Fig.8 Dose dependence of NO,” in the blood after NO,™ or NO; were con-
tinuously administrated to rats via femoral vein for 1 hour
Left figure: NO, administration; Right figure: NO," administration
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Fig. 9 Changes of NQ,” and NOj™ incubated with rat blood in vitro
Left figure: NO, ™ addition; Right figure: NO," addition
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Fig. 10 Excretion of NO3;  in urine (accumulated values) after the rats were
exposed to NO or NO, for 1 hour
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Fig. 11 Possible fates of inhaled NO and NO, in the living body
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Electrocardiographic Abnormalities in Rats by Acute Exposure to Nitrogen Dioxide

B Ak W kEST o B

Hirokazu TSUBONE!, Akira K. SUZUKI*, Setsuko NAGASAWA and Hijime ODA

E B

ZHALER (NO2 ) CAMRBE L7 » F OLEREOZtic >0 T, LEBE (ECG)
LT O LICHRFEET ~1co 20ppm L EDNO, %5 o I 3BHRET 2L, BIE
PRERSBEI NN, ThOoOOBERTARKRT b o v ORETHE L,
E% 7w bicNaNO A ERHET o Lic ko, D CEHRERA + ~ (NO3)
LR A v (NO3 ) ZEBRENCTER S &, LEEEHEELIT -t FORKR, 0O
MR IR ~NELLEBD S ED o F, ThODEEN S, NO iCaHRE L
THL DOBHERTI, Mho NOz9 NOFOBIMC LS LD ik, BIZZEMETROE
BoEbictEE S S b0 EEL SN,

Abstract

Changes in cardiac function of rats acutely exposed to nitrogen dioxide (NQ4 )
were examined by electrocardiographic (ECG) records. Bradycardia and arrhythmia
induced upon exposure to 20 ppm NGO, or more for 3 hr were abolished by injec-
tion of atropine sulfate. ECGs were recorded following experimental formations of
nitrite (NO3) and nitrate (NO3) in blood of normal rats by administration of
NaNQ; solution, but no remarkable changes were observed on ECG.

These results suggest that abnormal cardiac function observed duting acute
exposure to NO, is attributable changes in parasympathetic nervous activity and
not to elevated NOJ and NOj concentrations in blood.

E4T Y
CTEEEE (NOy ) O & 9 L RKELRYE P 7 OO/ aRsFO BAIC & 5 08Ectd 3
TR BT 2 TV R dmo TS,
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I ESrAETRE REEES T RRESEI DR g 16% 2
The National Institute for Environmental Studies, Basic Medical Sciences Division, Yatabe-machi,
Tsukuba, {baraki 305, Japan.
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Fig. 1 Electrocardiogram before and dufing exposure to 40 ppm NO,
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Fig. 2 Concentrations of NO,” and NOj” in the blood during exposure to 40 ppm
NQ; and continuous administration of NaNO, solution (300 ug of NO, -
N/ml)
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AR AERLE BICH % Lz, BEHOR -RMBE R + 7 5 4 QEIROA &3 OED D %R
L7ads, BBBOER 75 23, BBHIOASY — VLR oo 2HEBDB LURBHOP -P
i, P— QR oUC QRS FAEEH2AE L, BT b o © v OB 50z h o ORIERICK
EEHBER N, R1RE LD, 40ppm ORBTIE, RENMIOEITICE-TP -PRIR, P
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Fig.3 Changes of heart rate during exposure to 40 ppm NO, and administration
of NaNOQ, solution (300 ug of NO, -N/ml}
o; Administration of NaNO, solution, a: Exposure to NO,, ®: Sham-preparation
with administration of saline water

Each point is expressed as a mean of four rats.
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Fig. 4 Effects on ECG and R-R interval histogram following injection of atropine
sulfate during exposure to 40 ppm NO;
Asterisks: ECG and histogram after injection of atropine sulfate (0.3 mg/kg BW) at
130 min, The histograms were measured for subsequent 100 heartbeats using a micto-
computer.

% | 40ppm NO: BBOKHKET o v AR5 LAREOP —PRIR, P-Q
% £ U QRS el D& {t

Table | Changes in P-P interval, P-Q interval and QRS duration following the
administration of atropine sulfate during exposure to 40 ppm NO,
Atropine sulfate (0.3 mg/kg BW) was injected to each rat at 130 min of exposure.

Each value is expressed as a mean + 8.D. of subsequent 15 samples,

Case Time P-P (msec) P-Q (msec) QRS (msec)
before 114.5+ 2.7 (1060) 419+ 1.9(100) 9.9 + 0.7 (100)
1 120 min 412.4 + 66.2(360) 580+ 3.4(138) 13.0 = .7 (13D
140 min 156.5+ 4.3(137 479+ 2.6(114) 12.5 + 1.0 (126)
before 1146 £ 2.4 (100) 3941+ 1.7(100) 10.1 + 1.1 (100)
2 120 min 318.11 537.3(278) 74.0+ 13.4 (188) 14.7 + 1.7 (146)
140 min 150.7+ 2.4 (132) 495+ 1.6 (126) 13.0 £ 1.2 (129)
before ile.1+ 4.7(100) 36.9: 1.8 (100) 10.6 = 0.8 (100)
3 120 min 2587+ 27.4(223) 61.2+ 6.0(166) 14.3 + 1.1 (135)
140 min 137.1+ 4.7(118) 42,1+ 3.00114) 12.5: 0.5(118)
before 130.1+ 5.6 (100) 449 £ 2.3 (100) 10.4 £+ 0.9 (100}
4 120 min 2537+ 7.2(19%) 64.1+ 4.9(143) 14.1 £ 1.2 (136)
140 min 139.0+ 2.7(107 506+ 2.2(113) 12.0: 0.7 (115)
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L 40ppm RBHO 1303 ETHRET o €Y 0.3mg/kg #B5 L 103@DERITE, P -
PREIEE 107 ~137 %ic, P—QRIRI 113~126 BiC, QRS FpktbsfEid 115':" 120%&75 Y,
FEHRE A Em R L,
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RIAFEMEOLEAOEB L TE, - BEREFERFELALATOEO, LOZER
NO: 2l L% e BARE RYHICL AMUADRE~DBFEICOWTHE DBLH A TY
Bt L EEMBELT VS, LbLihis, 4 of#mitn”  t—o/rélto7
wAon —EYyVnEdssnol bOBNERCEBESL ATHESEA SN, & COLFHE
EOOEN, THRELE EDRENEEST 2B 0E, —BIRBCEY 3 LRRkccnS
OYE BB TE L VEERT LU ATHMENH S .

ZDWETI, 20~40ppm ODEBEDNO, 7 v b KRB Licd &, BRIROABIR L L D08
BEREREL AT EMHOLIITE -1 COHIRY S » FCRHRNNL IO TH AL IME20T
TS ROMTICRELE BEAB 0. NO BRICE A 0BAOESEIE, EENHELEELICL,
D LUAMBOHRERENT AAENYRTHE T & id, NO LA RTHEENEILEAT ST
EDOLBBIHMNS NS NO BB P IcA U A MEHIKROELE LT, HENBOHhiIC 2 TH
B0, M NOz-& NOs DR, Bm*> ths, cOWETE, 40ppm ONO, RETEL 3
D NO2, NO; BELEFEFELVELZERES » P LTERNICERS S, LENEEL
1T =7 TORE, NO BB THRHEMICHRT 2RKOFBRELSOLBREEHEADSN
Hipothobdsd, ZOMETITONICRENRELBEEAANTIR, NOz & NOs D.LE~DER
BB TE 5 b0EELONI, O EEEXK, 5~4A0ppm D NO; KRBEINL<T A MpD
Ab~EsoE RS ISUT VCHD, MEOBREEREDETHED TR EICHMEL
Thabhbliiivn, Lo L, ThoOBAMEMMICO ~ TRIENICIERT 5L, L,
BHRILED 2 CEREEIC 6135 SHORE D B EABBRINE T EhD, NO2 ORHRER
BCREELSERRT L LTERLEGRER SRV LEbNS,

ETAT, XEBRICHBLT NO, BEdGcE U 0EBRREE RHET b o ryOR5IR L - TH
B Lt EHD, CRBEREOREIGEICEMEEHIEE LTOA L EHALPICI o f, B
B LIS, 7 vE2T O L& 5 S {LFRRIBH EHA LB, EME DR, vz ly
W LELEA VoL AT B 2 & AT TRBESHTVE™™ , MO A v = pilih L1z
s, SEYNGEOBENBERITLOEELLNTOL 3, LRRESNC L HEXET
THIFRE L FEELEEE S -T VB L0 5, FERBRIIC & 5 EE MRS O b hs R ok
LTEMEO S5 R4 alietkid SE TE L, CBMN (o chlorobenzylidene malononi-
trite JOBA T, FFREOELE & bIEAHEORIRAKEC O, DERIK TS ERE DN
K& -THET BT EBHSMILENT VS, CBMN & NO2 & THIFREATOMERTEAHR
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Changes of Lipid Peroxidation and Antioxidative Protective Systems in Lungs

of Rats Exposed Acutely to 10 ppm Nitrogen Dioxide
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Abstract

This work was done to clarify the relation between the change of lipid
peroxidation and the protective systems in lungs after nitrogen dioxide exposure.
JCL:Wistar 8 week-old male rats were exposed continuously to 10 ppm nitrogen
dioxide for two weeks. .

Lipid peroxidation, measured by ethane exhalation in the breath of the rats
and by the reaction of thiobarbituric acid with lung hombgenates, increased to a
maximum at the third day after a decline at the first day, and then returned to the
initial level (of day 0).

The 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 105.000 x g
supernatant of lung homogenates were depressed slightly at the first day, There-
after, they increased significantly to their maximum levels from the 5th to the 10th
day, and these maximum levels were maintained until the 14th day. The pattern of
change of these protective enzymes was symmetric to that of lipid peroxidation
after the third day. The order of the ratio of the increased value to the initial value
(“increased ratio™) was G6PD > DSR > 6PGD > GR > GPx > SQOD, 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 the lipid peroxidation rather than that of the protective enzymes.

These results suggest that the ability of the enzyme systems in lungs to protect
against nitrogen dioxide fluctuated in a complex manner and the activities of the
protective enzymes varied inversely to the lipid peroxidation.

LI

NO2 i Bhic Gl SRR REE 2 35, £ 0BE, NO2 T L ARER ZORILIERIC &
BEEZLLNTV A5, AMEMOKISE BRI BEOEE PE { OERRAOCHETHZ
ERBENTOEY, 2D A NO DEM D15 ESEFICHITHEORMLE G LTV
Gind Lhiib, NO BB ic L ~TIEERBIEMRT 5 2 L do& <~ = » ( Conjugated
dienes ) OMFEIT & - Thomas 5 KL ->TRENL, 2D, B OPEEN NO, BRICL
BBMALISE OB AR AT E AR LTOBEWY, §iF, Kr k0B kEvT, NOs
SEIC k0 ir vive TIEEBBILGSEC 3TL%E7 » tOEFGh 4 »OflEC L > THLEMIT L
b

— ., ERCBOTEBLIEE ARH L0502 OEREHET 5 L pOBREOEEIL
WAAEEN D TH B o NO BB CH - THHEBEREORRMELERHT AL, BLU
BALM 2 b LR ICH T BB &R R LIS OB BB SR 4 2 7o iC BEM LIS 4 5l o $26%
BT LA EMROELE A KT B L EREBOHECELEALNS,

Glutathione reductase 84T glucose — 6 — phasphate dehydrogenase Fh 53
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Glutathione peroxidase %id, B{t¥IfEEicd 2RENLHERERTHE™,
Glutathione S — transferase i3 net reaction & LTRBU LKA LD glutathione
peroxidase & % -7 < F LEUG £ Akl LB Rz ra+ 5 ,
O

1
GSH +ROOH GSH+ ROH { Enzymatic )

O
i
+)GSH+GSH ——— GSSG +HeO ( Non enzymatic )

2GSH +ROOH GSSG + ROH +H20 ( Net reaction )

FhWwZIzGSH S—transferase &%/ NO, REBEOHUBLMR F AN SB@RERED
—D¢ERBZEHTE D, Superoxide dismutase { SOD ) (ZfMfaE & L_'Cﬁﬂfiﬁfﬁ?i"&ﬁ?
superoxide anion radical #R#E{k LMK HET 5BETH 2D SOD At ORImIEEg(L,
NEELERIELIEPTES,

Vv RBOBRE, Witk Ty v s SHEEIES v ¥ SHEOR T E #1172 mixed
disulfide iELA  Glutathione £ 9 %V Z EH5 Delucia 5 itk > THEIN TV S, 0
SO BN R b L AR E ~THEMRE NS mixed disulfide i disulfide reductase X ->T&
207 Y -0 SHERATENEY, 2hWA Disulfide reductase (2 mixed disulfide #5TiC
WIARE AR L SBEMAA b L 2iodd AHHREBEE LS EHTE 5,

F 7, Glutathione ¥ NADPHO & 5 B BHMBE R BLAIR b L 2Ah oA RE LD, &
OB LI EREIHE 24 2WETH S . I Glutathione 3% { @ Glutathione
BEEMEH, 7o& Z4d Glutathione peroxidase, Glutathione reductase, Glutathione § -
transferase & %% i3 Disulfide reductase HORHEE LTHEN bOTHB, Hit, €5 1 ¥
Eb7 ) —5 VAMRHERIE LCRILHEE b S+ RET 5@ £HL TV R ),

B FAERICEVT10ppm NO, 1 2 HMRZE X 77 » b OO LIEBRRER, B0

"Glutathione ® £ # 3 ¥ EDOEFRHHIE(L £/ Lic, S oEBSoERNE{Les¥ad s v
PO F A ey —VBERIREME ( TBAE ) & HEE L7,

HE&ELUAE
<#H B>

884D JCL: Wistar#35 » F 2B 10ppm NOz @ 2 BIBRERE 2T -7, ZD7 » b i
NYEUYT g4 — gy F—IDPTERT2a0THBL, AFY VR ZAF - —
15 AMF v = (2.0m’) OB THBD LS NO; KRB Uiz. 7 + v/ - NEERA~
26°Ci, BIEIFS0~60%EES N, ENBHR4REASI0RHEEZE L, 25D 7 »y bR
BAZ vTHECE -2HBTHRE L,
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7oy b -7 VERBRTTAOBEBRIDIRMNL, 20BE0E CAERANKEREA LTHiA
BRI % F TREREIT »7 . MOBEREHER I I hiliow 3l mgm i,

Z DIIERH 2 BEHEMES T -80CIRE Lz, 1E, B b ofiBERE ORE CHE
B OBRIITHIED o7,
ik E I A ~ b OEM>

MIIEREATCF 7o VsV FAF—THhEVF A XL, 0%FETF b L LI &
BREBRERSEERA A ST v LTHRSVICHES L1250mM Na, K ) vEg &k (pH
T8 )YEROAE, CDEE T H— b E200 Xg, SHRBOELCTREETO, SO0 Ll NP%H,
TBAMB LU I YERFICHER Lic, LEOEKD k12000 Xg, 107 EORLIEEETH, X
DI M kg% 105,000 X g, 0 EOBOABERIT ~ 2. 2O LEO—#%Glutathione per -
oxidase, Glutathione reductase, Glucose — 6 ~ phosphate dehydrogenase, 6 ~Phos-
phogluconate dehydrogenase, & Glutathione S— transferase DI AV, BHO
Ei%i3 0. 1mMEDTAZ&¢r50mM Na, K-V vEUEER (pH 75 ) T2005RISEHK ( 2[1%54H )
Ltz o OB L% superoxide dismutase & disulfide reductase DFIEICHER L7z,

B EIBRLEMEONE >

Disulfide reductase £ ¢{ ¢ ~NTOBEFHOME R DEC 7 v ¥ 2 - ~%flf A% JEMSAC
HEM R TICIKTIT ot o dNTOBRRGHE LS 50 BE LURRHOBEEICH L THEERICS
LBEHTTHRELTOV B,

Glutathione peroxidase 7 * ¥/ N4 Fass—a 344 FEHEE LT Little 50K i
& TR Uiz o FEBEREMISIG BRI DD 1 I buffer 2MA THIE Liz. ED Glutathione
peroxidase TEiE(IBEREMME G MED & IEBER M FUGE 22 L3l THIE L7z . Glutathione
reductase {2 Bergmeyer 2538 L7 45" it k »THIE Lo Glucose ~ 6 — phosphate
dehydrogenase (3 Wilhelm Sd 5™ i€ - 72« 6 - Phosphogluconate dehydrogenase itk
F20mMMgCla & 6.5 mM cysteine #5¢¢ 0.1 M Tris ~HC| Buffer & 6 —Phosphogluco-
nate #&H & LTHEA LT Glucose —6— phosphate dehydrogenase @ JEBIZHE > TiT-70
Glutathione § — transferase & Kap[owitza)ﬁf‘fzo)fcfif ATHIE L HBEEHEELT,
Aryl- S - transferase iZi 3,4 - Dichloro - nitrobenzene %, Aralkyl— S — transferase
{4t p - Nitrobenzylchloride %, Epoxy — S - transferase iZi3 1,2—Epoxy —3 ( p — nitro-
phenoxy } - propane Z{#f L7z Superoxide dismutase EHHAERFY v F A+ 04—+
i E - TEBEMICE U1 superoxide anion radicals 7%, Fr 2o -4 CAE2Exd2D% SOD
AU & Fo4F B SUG AFIA Lz McCord & Fridovich OA ekt - 72,

Disulfide reductase iEHEOMEE Tietze DHEZ L& >THIE Lizo YAF VABRELT
BRL, 2LEGICE >THERSNI Y2 F 4 ¥ % Delucia 5OHEY THIE Lz, EBRNK
5k NADPHZRBR O TRIE L, HE® Disulfide reductase OiE#Ed NADPH 77X DL G #E A



SIFMERMRIGE S LB WTRD . F 5 ¥ 7 ¥SHEH Delucia HOHE 0t » TRAIE
L#zo TBARISE Ohkawa 5@HEICH ~THL, £OME Excitation 515nm & Emis -
sion 533 nm THEMICRIE Lf:.

In vivo OFFEBMALAHTHE & L TOMK DT & ¥ O BIET I~ 5™ et o1,

Vitamin Edfift £ 2 — D 200xXg 5 n~ hexane B ~ T L, & ¥4 —FE LT
1#g-dl - « - tocopherol /ml of n- hexane Z{#f LT, Excitation 298 nm & Emission
325 nm THAMICHE L, #§ Y27 HBRI V¥ —FELTHEMBTLVT I vEFRLT
Lowry #2° & »TRISE Lizo TXTOF— # 3 E@EL SEM & Student © ¢ BT L »TH
BEL~NLEPC0.05 & LTRIF L,

w B
7o P OREOERNELEEEL D OMEBFEREOTCAE 1 IR L, BEREEA DR
RTOXN MO EEICH T 5 10ppm NO: REHOREL —wvF—VTRLK, 10ppm NOz £
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Fig. 1  Periodical changes of the ratio against control value of body weight and
lung wet weight/body weight of rats exposed to 10 ppm nitrogen dioxide
for two weeks
® shows the ratio of lung wet weight per body weight.
o shows the ratio of body weight against control.



B vt OFHEINBCEOTCHI0SRBEORUBECHTIY, 2OB TAEHCA»LMAETIIH
HEBID L~V 72, NO2 BB 5 » b ORES7: ) OB ERO W NRBIck~5L2~3
HETARIHML, 3HETRACEL, Z0OMRIEL <10 158N Ui, ¢ 0Rmi
MikKELZG AR LZEREEDNE, 0%, CORIKBILHOTDLIHREL LT I %5k
LT3, ZORDIIKED S 2 BEOEE & EEICH I BEOEMIC LS bDEEL LN,

7 o b ORI Ty v EEORBELE D TBA BORBHELAR 2105k L. =8 vid
B HETHED LA L ~A 0 T0%C S Lz, 2B&»SasicmLiE Un 38~48
BTEIHL <08 210~220% DL _icE L, TOREG Dy vi3adiicwm L, 108
HTUHLANMIR -1, 2 TBAMS I DEREDPL 2 A8, 5 3 HETREEML, &5
BiE3AEICIREXN, TOMIITIIBED 200 8iCBY L, 20®RIEL A LA
BTHlv~itR -7,
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Fig. 2 Periodical variations of ethane exhalation in breath gases and thiobarbituric
acid reactants in lung tissue of rats exposed to 10 ppm nitrogen dioxide for
2 weeks
The initial values were: 2.07 + (.23 p moles/min/100 g body weight for ethane exhala-
tion (®), and 24.5 £ 1.5 n moles/g lung for thiobarbituric acid reactants (o). The values
are expressed as mean +SEM (n =6 — 12).
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10ppm NO. 23 5 o + Ofifiic &} 3 Glutathione peroxidase, Glutathione reductase, Glucose—
6 - phosphate dehydrogenase & 6 — Phosphogluconate dehydrogenase fE¥E OFFIFEE(L 2R 3
7R L7z, Glutathione peroxidase #E#EiX 1 HETHELRL L, T0BRZZEIBHHS 5 HEHK
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Fig. 3 Periodical variations of glutathione peroxidase (GPx), glutathione reductase
(GR), plucose-6-phosphate dehydrogenase (G6PD) and 6-phosphogluconate
dehydrogenase (6PGD)
The initial values (# moles Nappt reduced/mg of protein/min) were: 88.8 + 2.9 for
GPx (o), 124.3 £ 3.5 for GR (#), 126.6 + 5.9 for G6PD (m}, and 145.4 + 5.6 for 6PGD
(©), respectively. The values are expressed as mean +SEM (n = 6 — 12),

S TEN LI4RE F TFORE L E#R L, Glutathione reductase 1E¥EQEEIFHZEAL
{3Glutathione peroxidase DEMICEM LT, BT Glucose — 6 ~ phosphate dehydro-
genase & 6~ Phosphogluconate dehydrogenase itk & % 7R ORERFFIZILEIR L1,
LSOO FELENG I B8-S 14BE F TR S 7z, Selenium i 4KH LIEL peroxidase
& LT Glutathione $ - transferase @9 %, Aryl -, Aralkyl-, % KU Epoxy - S -
transforase iSYEDELARI4 LT Lz, CHOOBEENER 2 8,0 3 BHICEE L ~LIKE
TL, 203 &0l L Aizif-3{ A %R L.
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Fig. 4  Periodical variations of glutathione S-transferase, aryl-, aralkyl- and epoxy-S-
transferase
The initial values (units of n mole/min/mg of protein) were: 3,75 + (.18 for arly- ()
704 £ 2.3 for aralkyl (), and 4.71 + 0.58 for epoxy-S-transferase (9), respectlvely
The values are expressed by mean +SEM (n = 6-12).

Disulfide reductase & Superoxide dismutase FEHEDRRNZE(LAR 5 &R L1, Disul -
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M@ 110~ 120 B S Lo,

MHicH 1 MM E & LT DS »-¢ 74 SH & Vitamin E ORER IR L, F#7 v
S SHIZ 2 BETEHLD LAHL ~v OB IS Lic, T0O®%5 A0 5 A 1T
L~ADO# 150~ 170 Bickam Uiz, e LT, Vitamin E G208 THHL LD 140%
L, 2 BEEEEICED L, SV RVIZR 2f, D Vitamin E OREREZE(CIIIE S
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Fig. 5 Periodical variations of disulfide reductase (DSR) and superoxide dismutase

(50D)

The initial values were: 125.8 + 8.8 (n moles/hr/mg of protein) for DRS (e), and

18.8 £ 0.5 (units/min/mg of protein) for SOD (o). The values are expressed as mean

tSEM(n=6 — 12).
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Fig. 6 Periodical variations of the amounts of nonprotein sulfhydryls (NPSH) and
vitamin E in the lungs.
The initial values were: 1.11 % 0.05 u moles of nonprotein-sulfhydryls/g-lungs (o),
and 33.2 2 1.1 pg of deo-tocopherol/g-lungs (s), The values are expressed as mean
SEM (6 — 12).
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Abstract

The time- and dose-dependent changes of antioxidative protective systems in
lungs of rats exposed continuously to low levels of nitrogen dioxide for 4 months
were examined for the evaluation of chronic health effects, and they were com-
pared with those of lipid peroxidation, JCL: Wistar male rats of 13 week-old were
exposed to nitrogen dioxide to 0 (control}, 0.4, 1.2 and 4 ppm concentrations for
1,2,4,8,12 and 16 weeks.

Lipid peroxidation as measured by ethane exhalation in the breath of rats in-
creased 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.
Lipid peroxidation as measured by the reaction with thiobarbituric acid and the
lung homogenates showed a similar pattern, but the appearance of the maximum
was later than that of ethane, and the relative peak height was also lower.

The activities of glutathione peroxidase (GPx), glutathione reductase (GR),
glucose-6-phosphate dehydrogenase (G6PD), 6-phosphogluconate dehydrogenase
(6PGD), superoxide dismutase (SOD) and disulfide reductase (DSR) increased from
the ﬁrlst 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 in each period. While, glutathione S-transferase activity decreased from the
first 1o the 4th week, it recovered to the initial level from the §th to the [ 6th week.
The contents of non-protein sulfhydryls showed a similar pattern as the protective
enzymes. The time course of vitamin E was similar to that of lipid peroxidation
rather than those of the protective enzymes.

From these results, it was confirmed that the ability of the antioxidative
protective systems to protect cells from the oxidative stress was at a maximum
in the early phase, but it was not maintained so long. It was also confirmed the
cytotoxic lipid peroxide forming process followed a reverse course. These results
suggest the possibility that the antioxidative ability may decrease with longer term
exposure to nitrogen dioxide and lipid peroxidation may increase more and more.
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Abstract

This work was conducted to evaluate the chronic health effects from the
change of lipid peroxidation and the antioxidative protective systems in lungs after
the life span exposure to low .levels of nitrogen dioxide. JCL: male Wistar rats
(8-weeks-old) were exposed continuously to 0.04, 0.4, and 4 ppm nitrogen dioxide
for 9, 18 and 27 months. )

Lipid peroxldatxon as measured by ethane exhalation in the breath of the rats,
increased 31gn1flcantly with 0. 04, 0.4 and 4 ppm mtrogen dioxide exposure for 9
and 18 months, and the incréasing ratio was dependent to the levels of nitrogen
dioxide. In the exposure to 0.04 and 0.4 ppm nitrogen dioxide for 27 months,
ethane formation increased to twice the control value, On the other hand, ethane
formation in the exposure of 4 ppm nitrogen dioxide for 27 months returned to the
control level. Pentane formation did not show such marked changes, except the
increases significantly in the 0.04 and 0.4 ppm groups at the 18th month, Lipid
peroxidation, as measured by thiobarbituric acid reaction, also increased significant-
1y in the 4 ppm nitrogen dioxide exposure group at the 9th month, and in the 0.4
and 4 ppm nitrogen dioxide exposure groups at the 18th month.

The activities of glucose-6-phosphate dehydrogenase, glutathione reductase,

~and the contents of non-protein sulfhydryls increased significantly in the 4 ppm
r{itrogen dioxide exposure group at the 9th month. The other parameters did not
show significant changes at the 9th month. The activities of glutathione peroxidase
and glutathione S-transferase in the 0.4 and 4 ppm nitrogen dioxide exposure
groups at the 18th month showed the tendency to decrease below the control.

From these results, it was suggested that the ability of the antioxidative
protective systems in lungs and lipid peroxidation changed conversely by the
prolongation of the exposure periods of nitrogen dioxide.
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2O LS, BEMUEE R EENEREONO, ThERS#Z2DICH LT, glutathione per-
oxidase FEH DI HBENESHERBOBA M ONT O, PMP RBFEOL{LIZRILE R
b LR OEERERET AAORMBUELAHBLLENTES,

KIS T RATIEEE ' &0 L TEICILRE D 0.04ppm NO2 #E1 0.4ppm & 4 ppm NO2 DR
PEHRBICL S 5 o b OB & IEHARICOELIT DO TR Lic,

A&

HEBIT I 8 HED JCL  Wistar TS » F2H0.04ppm, 0.4ppm & & 4.0ppm NOz %
g9 A, 18hABLU2THAOENBHREATT 1 Sy bRAYFYT - I ¥ =R v ¥
o UDBT 6 LSO G TIEL, 25U A - AF 45 AMF 4 VN TR
DESIENO ICEB Lo F v v 9— iEAHE THEHOAS &3 1500 mm{W) x 15650 mm (D))
Xx1000mm(H)(2.3m°) TH b, F v v —REFEZSE1CR, BEIEES %@ n,,

FARBIE RSREE, (ORI E L. NBEBHALs L7HCE-2 £RBELABDES
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Woke s~ ORYEMRERL S VIS vy SHOREHEOHIE" 'V R
ﬁcf:o Glutathione peroxidase, Glutathione reductase, Glucose — 6 — phosphate
dehydrogenase 3 kUG S H S - transferase EHRIE 2% He N Little 50 HE™, Berg-
meyer #:" ), Wilhelm 50455 51 u Kaplowitz ® 4" Kt 1o 7056 PGDiEHHIE 3
6 - phosphogluconate 2F'H & L€ Glucose ~ 6 - phosphate dehydrogenase ® @ik it
=72, Superoxide dismutase & Disulfide reductase #E#HIFE McCord & Fridovich Q7
#2, Tietze OHE Il o120 FH S ¥ 5o ¥ SHROBSE I Delucia 50HE™, TBA
EDRE I Ohkawa OB IR > T -7, In vivo OISEBMIEMIES LTOMSGd T
5V ey v OGEET T i 51

BIEERER T E Y% — F © 200X g @0 L £AIVT Frings 5% ® Sulfo - phospho ~
Vanillin B L »THIE Lice SV VIBH, Y7 Y€ FBIUBI VAT o— VBRI ®
Ui—r®200xg B 5 Folch®HED Thi L ISEES £ RV THREECllE L,
TERIEARER Y Y IEEITIIFEAE Phospho  lipid B—Test Wako # v b %, +Y 7 )+
Fid Boehringer ~Mannheim Triglyceride —UV —Test & » b %, 2 L2 7 o — i 8004
EIVAFHFALCRBT A b+ o b EFE Lz, 724 v BI2 Lowry 2 1 X - THIE
L1z,

& £

F1130.04ppm, Odppm BLTF dppm NO, KO hHB LU IShANESEEB LES o b O
fiD Total proteinmf, Glutathione peroxidase, Glutathione reductase £ X7 Glucose
— b - phosphate dehydrogenase iHMHEDEER | L HE2OHRER L, HE, EB1L 2
AEHAHET 2RI 2HT L 6DTHALH, B8P0 o » bPERET - - BHIETRA -
T3, SHREHOHIEIGTEE, 0.04ppm , O.4ppm BB LU 4.0ppm HO 4 B AREECT
=120

Total protein®iZ 9 ARBEDEE 1 O 4ppmBie 18 HREBEOEEE 2 D 0.4 ppm BHO H450
BELIOVABCHEMLTOBEOBTANREHL L EBILNLED -1, BEEHAONILE
DN BEHERSOATE N, # A, FoN—4 2 F {Cumene - OOH ) £EHL
L7-Glutathione peroxidasei&ttid 90 H TrlEE L D O0HEINGEE 2 R4 PEEEREh -
foo, 1S AEHOER 2 TR 04ppm B & 4ppmBTHIKEABLETERLASPR O EREERES
NTHHV, BEKE (H:0:) BB & LIBE bRIBOHERZR L,

Glutathione reductase & Glucose — 6 ~ phosphate dehydrogenase FE#EIE 30HED4
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Table 1 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 2 months Rats exposed to NO, for 18 months
Experiment 1 Experiment 2 Experiment 1 Experiment 2
Mean + SD (%) Mean t SD (%) Mean + SD (%) Mean = SD (%)
Total protein Control 9241 7.7 (100%) 85.9+ 4.9 (100%) 95.0 £ 10.4 (100%) 83.21 3.8 (100%)
0.04 ppm 92.7+4.2 (100%) 82,7+ 2.5(100%) 263+ 95 (101%) 87.2x 36 (105%)
(mg/g-Lung), 3.4 ppm 96.7+ 4.4 (105%) 88.7 ¢+ 14.5 (103%) 99.7 £ 3.7 (105%) 925+ 6.6 (111%)*
4.0 ppm 101.3+ 3.0 (110%) 87.3+ 6.3 (102%) 93.0+ 52 ( 98%) 85.12%3.2 (102%)
GPx-Cumene-OOHa) Control 181 + 28 (100%) 253+ 29 (100%) 150+ 9 (100%) 266 + 17 (100%)
0.04 ppm 204+ 10 (112%) 240 20 ( 95%) 154 £ 13 (103%) 279+ 10 (105%)
(nmol/mg/min) 0.4 ppm 193 9 (107%) 252+ 33 (100%) 162+ 15 (108%) 1911 17 ( 72%)%+*
4.0 ppm 20091 (110%) 269+ 40 (107%) 150+ 20 (100%) 229x 14 ( Be)**
GPx-H,0,” Control 109+ 16  (100%) 155 18 (100%)
0.04 ppm 109+ 17 (100%) 159+ 15 (102%)
0.4 ppm 118+ 19 (109%) 111+ 13 ( 72%)**
4.0 ppm 133+ 25 (122%) 139+ 10 ( 89%)
GR Control 85.9 + 15.0 (100%) 94.8 + 8.4 (100%) 87.4+ 4.1 (100%) 94.6 + 4.5 (100%)
0.04 ppm 89.9 + 3.8 (104%) 896+ 5.8 ( 95%) 90.9 £ 14.8 (104%) 884+ 25 ( 94%)
(nmol/mg/min) 0.4 ppm 92.9+ 5.4 (108%) 96.2 + 11.2 (102%) 86.4+ 4.4( 99%) 679+ 6.6 ( T2%)***
4.0 ppm 102.8+ 5.0 (120%)* 109.3 + 10.9 (115%)* 975« 9.6 (112%) 953+ 7.3 (101%)
G6PD Centrol 48.7 + 11.6 (100%) 613+ 8.5 (100%) 67.2 £ 11.2 (100%) 79.2+ 6.6 (100%)
0.04 ppm 57.4 £ 10.5 (118%) 525+ 3.9( B6%) 76.8 + 17.5 (114%) 89.1 £ 8.6 (102%)
(nmol/mg/min) ¢4 ppm 65.82 9.9 (135%)* 57.8+ 8.1( 94%) 80.7 £ 11,6 (120%) 60.0£93 ( 76%)
4.0 ppm 86.8 9.2 (178%)*** 79.7 £ 10.7 (130%)* 100.8 + 11.4 (156G%)*** 80.3+ 95 (101%)

a) GPx-Cumene-O0H shows glutathione peroxidase assayed by Cumene hydroperoxide as a substrate.
b} GPx-H, 0, shows glutathione peroxidase assayed by hydrogen peroxide as a substrate.
* p< 0.05, ** p< 0.01,*** p< (0.001.



Table 2

TINENBRE TR E Y-S -+ 7Y RT 2 7 —HIEROESL

£ 2 NOMMMRET » OHOI/VIFAY S-F3VRT 2T -4, FHLLET )L,

The changes of the activities of three kind of glutathione 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, for 18 months

Experiment 1

Expe}iment 2

Experiment 1

Experiment 2

Mean = SD (%)

Mean + SD (%)

Mean + SD (%)

. Mean + SD (%)

Aryl-S-transferase

(nmol/mg/min)

Control
0.04 ppm
0.4 ppm
4.0 ppm

2.88 ¢ 0.52 (100%)
3.10 £ 0.34 (108%)
3.36 = 0.24 (117%)
3.06 £ 0.18 (106%)

3.29 ¢ 0.31 (100%)
3.05+ 0.33 ( 93%)
3.19: 046 ( 97%)
3.001 0.56 ( 91%)

3.42 £ 0.13 (100%)
3.07 £ 0.41 { 90%)
3.53 = .38 (103%)
3.00 = 0.29 ( 88%)*

3.13 £ 0.23 (100%)
2632 0.31 ( 84%)
1.99 £ 0.14 ( 64%)***
2.20+ 0.15 ( 70%)***

Aralkyl-S-transferase

(nmol/mg/min}

Control
0.04 ppm
0.4 ppm
4.0 ppm

42.0x 7.6 (100%)
44.0x 2.4 (105%)
474 + 3.0 (113%)
46.4 + 2.7 (110%)

449+ 2.8 (100%)
42.0+ 6.7 ( 94%)
456 £ 5.7 (102%)
41449 ( 92%)

313 0.6 (100%)
301+ 3.0 ( 96%)
32.8+ 4.3 (105%)
291+ 1.5 { 93%)*

455+ 2.5 (100%)
449+ 28 ( 99%)
31.8x 1.5 ( 70%)***
359+ 2.7 ( T9m)FH¥

Epoxy-S-transferase

(nmol/mg/min)

Control
0.04 ppm
0.4 ppm
4.0 ppm

2.69 + 0.35 (100%)
3.04 £ 0.58 (113%)
2.86 + 0.24 (106%)
2.27 £ 0.24 { 84%)*.

2,10 0.35 (100%)
2.49 + 0.39 (119%)
2.33 2 0.85 (111%)
243+ 0.57 (116%)

2.86 + 0.45 (100%)
3.35+ 1.13 (117%)
242+ 0.56 ( 84%)
3.05 £ 0.52 (107%)

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




PPMBTH TN SERIRMET LEBE b2 i, 185 ] BTRESR | TIRESMER %
S UEAHBERLEC, ©UAMBEBEEN L -1, $1, 6-phosphogluconate dehyd-
rogenase & Isocitrate dehydrogenase b3z 9, 18 A BTL (EMB B LNLD 12,

# 2 WA E R R AN T 5 LRI IGREMEM OB E &7 Glutathione  § -
transferase @55, Aryl, Aralkyl 8 KU Epoxy — S - transferase OFEHER Lz, 2l
LESOMERE T HE THNEE L LD 50180 A B TR Aryl $ £TF Aralkyl -S-
transferase B 4 ppm B THBEIIETL, o HHEE %)E%."&’J 5o Epoxy —S- transfer-
ase FEHRIHBR EEO I -t

% 3 i0{2 Superoxide dismutase [ SOD) & NOy, RRiIC L > T4 Uiz Disulfide 2B LTH
EOEMER A 17 ) —0 SHE K 4 4 Disulfide reductase (DSR)#EH AR L, mHEE
bEBIGOMETH LN FEUEERI NO B EEIT L 3 Superoxide # Disulfide 4
BRREZ > TV TR AR Lic,

F 3 NOBHUERS v ORDR2—N—F£VF - F412L8—¥(S0D) &
FA4Hn 7 7 4 FRTLBES]E O

Table 3  The changes of the activities of superoxide dismutase (SOD) and disulfide
reductase (DSR) in rat lungs by chronic exposure of nitrogen dioxide.

Rats exposed to
NO, for 9 months

Rats exposed to
NO, for 18 months

Experiment 2 -

Experiment 2

‘Mean + SD (%)

Mean = SD (%)

SOD Control 17.4 £ 2.2 (100%) 17.6 £ 0.8 (100%)
0.04 ppm 15.1¢ 1.3 ( 87%) 18.1 £ 3.2 (103%)
(units/mg) 04 ppm 16.8 £ 2.0 { 96%) 17.4 £ 0.7 { 99%)
40 ppm 14.6 £ 1.0 ( 84%) 179+ 1.5 (102%)
DSR Control 162 9 (100%) 142 + 47 (100%)
0.04 ppm- 147123 ( 91%) 175+ 27 (123%)

{nmol/mg/miny 04 ppm
4.0 ppm

147+ 8 ( 91%)
156 = 30 ( 96%)

163 + 34 (115%)
182+ 42 (129%)

4 I3 O P TRMLEER RS Antioxidant & LTDIEs 37 4 SHALAY (90%LL
PRI s FAVEEASAS ) & TBA HICE ~THIES M BRINERAR L, %5 w3
7Y% SHAESHME 9L AE T4 0ppmBOATHREEUENER LA ISAETIR 0.4ppmBie 4
ppmf CHERABREEOHAHNET LTV /=, TBAMIL9 28B40 ppm SHTHMINER %R
LchilBin BB Tl 0dppm £t L 4 0ppm B TH BREMA R L oBRE GHRTH 12,
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Table 4 The changes of the contents of non-protein sulfhydryls and thiobarbituric acid (TBA) reactants in
rat lungs by chronic exposure of nitrogen dioxide.

Rats exposed to NO, for 9 months

Rats exposed to NO, for 18 months

Experiment 1

Experiment 2

Experiment 1

Experiment 2

Mean + 5D (%)

Mean + SD (%)

Mean + 8D (%)

Mean = SD (%)

0.73 1 0.17 (100%)
0.80 + 0.13 (105%)
0.99 = 0.12 (134%)
1.57 £ 0.27 (213%)***

0.64 + 0.06 (100%)
0.64 = 0.08 (100%)
0.69 + 0.07 (107%)
0.78 + 0.15 (121%)*

0.71 + 0.08 (100%)
0.83 ¢ (.02 (114%)
0.95 £ 0.13 (135%)**
0.93 + 0.07 (132%)**

065+ 0.8 (100%)
0.68 £ 0.07 (105%)
0.84 + (.08 (129%)**
0.85 + 0.12 (131%)**

Non-protein Control
sulfhydryls 0.04 ppm
{x mol/g-Lung) 0.4 ppm
4.0 ppm
TBA values Conirol
{Fluorometric) 0.04 ppm
(n mol/g-Lung) 0.4 ppm
4.0 ppm

528149 (100%)
529131 (100%)
54.91 3.8 (104%)
66.2 4.4 (125%)***

196+ 1.5 (100%)
376224 ( 95%)
38.7+ 1.4 ( 98%)
41.1+ 1.4 (104%)

54.9+ 4.1 (100%)
56.2+ 4.1 (102%)
64.0 £+ 3.8 (106%)**
69.8+ 3.2 (127%y***

46.9+ 2.9 (100%)
524+£35 (112%)
553+ 3.6 (118%)**
57.8+ 4.6 (123%)**

* p<0.05,** p<0.01, ¥** p < 0.001.

)
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Table 3 The changes of the contents of total lipid, phospholipids (PL), total
cholesterol (T*CHL) and triglyceride (TG) in rat lungs by chronic exposure
of nitrogen dioxide )

s H NO I om A it
M-ASD % P MSD % P
Total lipid mg /g tissue mg/ g-tissue
( Phospho — Control 19.24+2.9 (100) 22,3409 (100)
Sulfo — 0.04 ppm 177416 92} N§* 21125 ( 95) NS
Vaniline & ) 0.4 ppm 18.64+1.3 ( 97) NS 206+23 (92} NS

4.0 ppm 20.7=0.8  {108) NS 204418 ( 91) NS

] mg/g - tissue mg/g-tissue

PL Control 11.8+2.9 (100) 16.62.7 (100)
0.04 ppm 1.04+19 ( 93} NS 159422 ( 96) NS
0.4 ppm 11.5--1.7  ( 97) NS 16.1+2.9 ( 97} NS
4.0 ppm 12.21.0  (103) NS 15.7£1.8 ( 9?) NS

mg/g-tissue mg/g -tissue

T -CHL Control 281073 {100} 1.644+0.84 (100)
0.04 ppm 2.5610.43 ( 91} NS 1.894+0.59 (115) NS
0.4 ppm 2721082 ( 9M) NS 2.53+0.64 (152} NS
4.0 ppm 3.06+0.19 (109} NS 1.8140.25 (110) NS

mg/g- tissue mg/g - tissue

TG Controt 4.9810.22 (100) 7.79-41.41 (100}
0.04 ppm 5.304:-1.24 (108) NS 7.36--1.45 ( 95) NS
0.4 ppm 58311.57 (117) NS 7.69£1.13 { 99) NS
4.¢ ppm 5.701£0.76 (114} NS 7.2341.37 ( 93) NS

* NS means non significant from the control value.
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Fig. 1 Ethane evolution in expired gases of rats exposed continuously to 0.04,0.4
and 4 ppm nitrogen dioxide for 9, 18 and 27 months.
* p< 0.05,%F p<0.01, *** p< 0.001.
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Fig. 2 Pentane evolution in expired gases of rats exposed cont'muou‘sly to 0,04,
0.4 and 4 ppm nitrogen dioxide for 9, 18 and 27 months,
* P<0.05,* P <0.01,** p<0.001

AR BT, NO BMREICL D 7 » b M0 B VESI 8 F BER iE 1 & AR LIS R AL sk o2
b 20 THRE L,

CORER, NO: REBEIC L » THE UL BREEHEZ I AR TRABRL DO ThiCE VA
FCHEETH - LB HETRANERLDEL > O EHEBRE AL LR, $ ot BREs
E LK -7 bDEEIETT 2B AR Lz, —F4, TBAEPHEGRH Ty VRlE