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- Abstract

Mortality and pulmonary changes of various animals exposed to NO,
for 16 hours were compared. The animals used were mice (CF#1, C57BL,
C3H, DBA, BALB/C, ddy, ICR, BDF1, CDF1), rats (Wistar, Fischer, 8D,
Donryu), Golden hamsters and Hartley guinea pigs, and all of them were 6
weeks old.

The most sensitive animals were Golden hamsters and LCs;, was 22
ppm and 28 ppm for female and male, respectively. The difference of LCs,
among strains of mice was very marked, where LC;, for female CF#1 was
32 ppm and 67 ppm for female C37BL. LCs4 of four strains of rats was at

*  REXORETIIOCTRES
1. BUrLEWER BEAES T800-21 kNG ERE

The National Institute for Environmental Studies, Basic Medical Sciences Division, P.O.
Yaiabe, Ibaraki, 300-21,

2. ERSEoEPAE
"Jikei University, School of Medicine,




the range of 39 to 56 ppm. Hartley guinea pigs were less sensitive and their

LCsy was 60 ppm and 55 ppm for male and. female, respectively. Females
of species used except for those of mice were more sensitive to NO, ex-
posure than males.

Hypersensitivity of Golden hamsters was investigated in detail. Pulmo-
nary changes caused by NO, exposure at the sublethal concentration were
severer in Golden hamsters than in ICR mice and Wistar rats, and in partic-
ular, the edemateous changes of the Golden hamsters were more remarkable
than those of the others. This hypersensitivity of Golden hamsters was also
shown in continuous exposure of NO, for 5 days.
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Table 1. LCs, of various strains to NQ, exposure for 16 hr

Mice Hamsters Rats Guinea pigs

LCso CS7BL/6-F* (67)
ppm  C37BL/6-M (64)
Hartley--M (62)
60 BDFi-F (60)
CDF1-F (59)
C3H/He-M (57)
BDF1-M (586) Fischer—M (56)
CDF1-M {56)
BALB/C-F (52)
DBA/2-M  (52)

ddy—-M &1}
50 C3H/He-F (50) Sp-M (50) Hartley—F (50)
BALB/C-M (49) Wistar—M  (49)
ddy-F (48) Fischer—F (48)
SD-F (47)
Donryu—M (47)
DBA/2-F  (45) Wistar—F  (45)
40 ICR-F (40)
ICR-M (38) Donryu~F (39)

CF#1-M  (36)

CF#1-F (33)
30
Golden—M (28)

Golden—F (22)
20

*F:. Female M: Male

LCso 350m, D h 262 mTH -7,

B, 24mm, LBHMONO CERIN BT ORKIONT, BHERTOEFBICERL, K
BMBPHREEBI N5 e L Cso ORIEICE (B L, BSHOROHRE T IIMIA K@ b
BEHMR O @R A EHCHE I MY, BRFHOBVLER THMREOBRE RV oo il @REZD
B GREs o Tze
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2X¥W, GH, 1CRvv2E U Wistar 7» F Ot LT 20m { G HIE iw > T i,
2OmMBETHRTHARSGNEDT, 1TmEELLL) ONO2 £ 16HMHEE L, RER
THSKEAKLRL, WEEREIMEKEZAE L. F2WRELAELSIK, GHOMREL G,
RARMRES O 103 CBL, MEKkBeilT842%, B#T827% KM, IC
Re=y.2 EWistar 7> T, WETROBMIA SN, MNOBRERIGHICE XIS -
oo FHEKE OEMBHF TLHL o7,
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17moONO; iK1 6B EEMIN7-GHE It D TEBEELS BC i, HlZHBEEEE
e kB DTSR Lz, MiEFE &I, SEBE SEHMicEEmns bl %E%TE'D&& 8
BRI IEMOBEBERTH 1o LB, 18, 2AEELL, 4 BICIRERELLNT,
REBZFEH LN -, HEABTENWRSE TIRIEFMNE 8 BRI T TRFE LLIRAK
Bt S, 1 EIGEY LR MK Ot - B 6 HLNL (BH 1 ~4). CORRRBRTS
1BETHVL, BHERTH2 B, TRFREEEEROESEML, MHEZEDLMbronche - al-
veolar junctioniCRBaE A (EHEHS~61, 4H - THiICIIMKFEBZSICHREZEIH, BE
SBmor (BET ),

2 NO: 16 WHRHEMXR TR BEOMETEEMEKE

Table 2. Lung wet weight and lung water content of
various strains § hr after NQ, exposure for
16 hr

Concentration Lung wet weight ~ Water content
of NO, (ppm) (% of body wt.) (% of lung wet wt.)

GH-female 17 155+0.117 8421110
GH-male 20 147+0.112 827+0.32
ICR- female 20 0.75 £ 0.050 779034
ICR-male 20 0.82+£0.098 7924053
Wistar-female 20 0.63+0.011 798 +£0.29
Wistar-male 20 0.59+£0.023 798 £0.66
GH-female 0 0.54+0.011 78.6+023
[CR-female 0 0.66 £ 0.036 78.7+0.32
Wistar-female a 05320013 792+043

Three to 10 animals were used for each group and each value is ex- .
pressed as mean = SD.
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GH, ICR*Z2BLUWistar 5» DO ThEMONO, SERM BB AETELSE
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Fo08pm~ Jr Tt TS 4 80

Water content TT—ITTee-n
0.6 | 478
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,[» .17 pgn, 18 hr
1 1
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Days after exposure

M1l 17mNO: 16BRMZRICLZ T~ AT a2y — O
Tife & e RE O
Fig. 1 Lung wet weight and lung water content of

Golden hamster during and after 16 hr-NO,
exposure
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BEon, 4HHBICRRAHNSEX LEMROIBK « Bils L U02 0B8 OMES I B3 5 HKE
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100
90 )
Wistar rat
80
o
= 70+
4
C Golden hamster
T
=
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2
5 oz

w
[
— T

ICR mouse
20- ‘\\///

Termination
of exposure

10 1 1 I 1 1 L 1
0 1 2 3 4 5 6
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Kz NO: SHHBEDIT~-nFrnaxs—, ICRwU X
BXUWistar 2 » tOEEICRITTES
Fig. 2 Changes in body weight of Golden hamsters,
ICR mice and Wistar rats exposed to NO,
for 5 days. Mean body weight (g) of 5
Golden hamsters, 5 Wistar rats and 10 ICR
mice.
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BL U Wistar 5 » F DFECER

Table 3. Mortality of Golden hamsters, ICR mice and
Wistar rats exposed to NO, for 5 days

NO; concentration

12 ppm 14 ppm 20 ppmt
GH *7147 (15%) 8/12(67%) )
ICR . 012 2/20 (10%)
Wistar - 0f12 12/20 {60%)

(%)

Lung wet wt. to body wt.

* No. dead/No. tested; 7 days after the end of exposure.

1.6
Golden hamster
1.4
1.2
1.0 k Wistar rat
[CR mouse
0.8 -
0.6 r
Termination
of exposure
0‘4 : I i 1 | )| i 1

0 ] 2 3 4 5 6
Days of exposure

M3 NOz 5 HMBEELAT—AFyrsazg—, ICR?YR
XU Wistar 7 » F DR ERERE (%)
Fig. 3 Lung wet weight of Golden hamsters, ICR
mice and Wistar rats exposed to NO, for

5 days. Mean lung wet weight to body
weight (%) + SD.
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Figupery o ki HE ( Hematoxylin- Eosin) 38, = 1000

Plate 1 Edema in lung alveolar spaces from a Golden
hamster 8 hr after the beginning of 17 ppm
NO, exposure. HE (Hematoxylin-Eosin)
stain, x 1000,

B2 17TMNO; REMBLSHHDT— 7y nax s — o
| BSlGhe FEOEYE. TEM (FBBEIME ), x 12800
Plate 2 Degeneration of type [ alveolar epithelium

from a Golden hamster same as plate 1. TEM,
x 12800,
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Plate 3  Marked edematous changes of lung alveoli
and degeneration and necrosis of alveolar
wall cells from a Golden hamster immediate-
ly after 17 ppm NO, exposure for 16 hr. HE
stain, x 500.

B4 17mNOz 16 BMREHEKR DT — A Frrax s — O
| ZMika L Mo i EMiAKE TEM, x 12800
Plate 4  Degeneration of type I alveolar epithelium
and edema in the alveolar space from a Golden
hamster same as plate 3. TEM, x 12800.
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17TmMNO 16 IR ERTH2AD I~ L F Y LR F -
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Plate 5  Restoration of alveolar wall cells from a
Golden hamster at 2 days after the end of 17
ppm NO, exposure for 16 hr. HE stain,

x 500,
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O B L2 DB ER. TEM, <6700
Plate 6 Two adjacent type 11 alveolar epithelia from

a Golden hamster same as plate 5. TEM,
x 6700. '
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broncho — alveolar junctioniTREL A& BHIR HE R,
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Plate 7 Restored cells limiting at the broncho-alveo-
lar junction from a Golden hamster at 4 days
after the end of 17 ppm NO, exposure for
16 hr. HE stain, x 500.
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broncho— alveolar junction (BRI L 7 #IlE .
HE#f{, x 500

Cell nests at the broncho-alveolar junction
from a Golden hamster at 4 days after the be-
ginning of 12 ppm NO, exposure. HE stain,

x 500.
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Effect of Nitrogen Dioxide Exposure on Nasal Cavity
of Golden Hamsters
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Abstract

Nasal cavities of 6-week-old female Golden hamsters exposed to NO,
were investigated histopathologically using light microscopy and scanning
electron microscopy. Respiratory epithelia in the middle lower portion of
nasal septum were severely damaged immediately after the end of exposure
of 17 ppm NO, for 16 hr, Restoration of this area began after 8 hr and
remarkable histopathological changes were not seen after 2 days. Golden
hamsters exposed to 12 ppm NO, for 5 days were also examined histo-
pathologically. Remarkable histopathological changes were observed 1 day
after the commencement of exposure. Restoration began 2 days after the
commencement of exposure in spite of continuous exposure.
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Jikei University, School of Medicine.
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Plate 1 Cell infiltration into nasal cavity and nasal sep-
tum from a Golden hamster exposed to 17
ppm NO, for 8 hr. PAS (Periodic acid
Schiff) stain, x 140.

BEH?2 BMERHEAEOT-AFryaLzg—. B, FETRE
Ko HE (Hematoxylin—Eosin )} #f, x 680
Plate 2 Normal respiratory epithelium at nasal sep-

tum from a Golden hamster maintained in
clean air. HE (Hematoxylin-Eosin) stain.
X 680.
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BH3 BH2LEL, B, R ENE IO FPRTHEDRY
h, PASHMA, x 680
Plate 3 Infiltrated cells in epithelia and subepithelia

at nasal septum from a Golden hamster same
as plate 2. PAS stain. x 680.

B4 FH2LAU, Rk, LEOBERE, SEM (GEAEM
‘fgz)o X 8000

Plate 4 Desquamation of cilia at nasal cavity from a
Golden hamster same as plate 2, SEM.
% 8000,



BES BH2EML, BhR. FROSEEE, SEM. x 4000
Plate 5 Adhesion of cilia at nasal septum from a

Golden hamster same as plate 2. SEM.
= 4000.

BHE 17TmNO2168HRBRECT Ty azs—, REAA
DR EIBRRLE THED THENEASMIEEM. PAS 36,
% 680
Plate 6 Cell infiltration in the nasal cavity and in-
crement of ieucocyte in the capiliary at

nasal septum from a Golden hamster exposed
to 17 ppm NO, for 16 hr. PAS stain. x 680.
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BET BE6 &L, SR LIS o, PASTHH, x 680
Plate 7 Desquamation of the epithelial cells at nasal
septum from a Golden hamster same as plate
6. PAS stain. X 630,

HH8 BEHEERU. MhROREMEORE, SEM, x4000

Plate 8 Desquamation of cilia at nasal septum from
a Golden hamster same as plate 6. SEM.
x 400,




BRI EBEHEOLA. SEM. x 8000
Plate 9  Enlargement of plate 8. SEM. x 8000.
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s~y Bk FREHIS OB T, HEHMA, x 680
Plate 10 Flattening of epithelial cells at nasal septum

from a Golden hamster at 8 hr after 17 ppm
NO, exposure for 16 hr. HE stain. x 680.



BE1l 17mNO21 6 MHRESKTHIBDT - F ¥ hRAF—
Adhgs FREMBEOE A, HERH, x 1350
Plate 11 Hypertrophy of epithelial cells at nasal sep-
tum from a Golden hamster at | day after
the end of exposure of 17 ppm NO, for 16
hr. HE stain, » 1350.

Ep12 Bl ERL. AhRAETEMIE SEM, x2000
Plate 12 Cilia at nasal septum from a Golden hamster

same as plate 11. SEM.
x 2000.




HH13 17TmNO: 1 6MMREBRTHR2AQT - VTV LAE—H
Ry FR M OB, P ASHEM, x 680
Plate 13 Restoration of epithelial cells at nasal sep-
tum from a Golden hamster at 2 days after

the end of exposure of 17 ppm NO, for 16
hr. PAS stain. X 650.
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BE14 12mNO; 120fRBEOT— Ty rarg —, Bk
EEmfaog, PASHEMH. x 680
Plate 14 Desquamation of the epithelial cells at nasal

septum from a Golden hamster exposed to
12 ppm NO, for 12 hr. PAS stain. % 680,
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B 15 12mNO; | ARBEOT - F vanr g —, RES LR
HibR D FlEE & ) oo, PASE, x 680
Plate 15 Infiltration of lymphocyte and desquama-
tion of epithelal cells at nasal turbinate

from a Golden hamster exposed to 12 ppm
NO, for 1 day. PAS stain. x 680.
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B 16 FIL15 AL, BRRKTRRO R & T,

SEM. x 3500

Plate 16 Desguamation of ciliated cells and hyper-
secretion at nasal septum. SEM. > 3500.




HE 17 12mNO: 2BEHROT—AFryraii—,
oo El, HERE, x 340
Plate 17 Restortion of epithelial cells at nasal turbin-

ate from a golden hamster exposed to 12
ppm NO, for 2 days. HE stain. X 630,
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B 18 12mNQ25 BREDOT—AF Yy arxs—, IENHEA
hhd b, PASHE. x 680
Plate 18 Normal epithelia at nasal septum from a

golden hamster exposed to 12 ppm NO, for
5 days. PAS stain. x 680.




ESLREm AR EEE H85 (R-8-79)

Research Report from the National Institute for Environmental Stedies No. 5, 1979,

“HLERRESERE, CHBFCRET
- WEBlLOwT
Effects of Nitrogen Dioxide on Respiratory Rate,
Heart Rate and Pneumogram in Rats

seok m' e

Akira SUZUKT' and Takamichi ICHINOSE!
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Abstract

Respiratory rate, heart rate and pneumogram were measured in un-
restrained rats during the 3-hour exposure of NO, at the concentration of
40 ppm, 60 ppm and 80 ppm. Decrease of heart rate and increase of respi-
ratory rate were observed at the beginning of exposure (4—15 minutes).
Irregularity of heart rate at 30 minutes after exposure and the change of
pneumogram with time course of exposure were observed. Respiratory rate
of exposed rats was much varied and the change of respiratory rate of
exposed rats could not be correlated with the exposure concentration of
NQ, . The change of heart rate was dependent on the concentration of NO,
and it was suggested that the heart rate could be used as a physiological
indicator of NO, exposure.
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The National Institute for Environmenta! Siudies, Basic Medical Sciences Division, P.O.
Yatabe, Ibaraki, 300-21.
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Fig. 1 Shematic illustration of experimental apparatus and electrode site
for ECG and respiratory movement
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Abstract

Effects of acute exposure to nitrogen dioxide on primary humoral
antibody response in mice were studied. Mice were exposed to 5, 20 and 40
ppm of NO, for 12 hours. The exposure of 20 or 40 ppm resulted in the
significant suppression of antibody responses, while 5 ppm did not affect it.
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Such a tendency to the immunosuppression by the exposure to NO, was
recognized more remarkably in male than in female. A time-factor relation-
ship between NO, exposure and antigen injection was further investigated.
The exposures to 20 ppm at various time intervals in relation to antigen
injection revealed that the mdst remarkable suppression was observed in the
group exposed two days after antigen injection. Not only the suppression
of primary_antibody response but also the decrease of the total cell number
in the spleen and more str1kmgly in the thymu's was also caused by the
acute exposure of NO,.

Effects of subacute exposure on primary humoral antibody response
in mice were also studied. Mice were exposed to 0.4, 1.6 and 6.4 ppm of
NO, for 4 weeks. The exposure of 0.4 or 1.6 ppm resulted in the slight
suppression of immune responses, while 6.4 ppm showed the tendency
rather to stimulate slightly the antibody formation.
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Table 1. Effect of acute exposure to NO, on primary
antibody response of ICR female mice

One hour after¥# One hour before##
NO, ppm Control  Exposed Control Exposed

5 PFCa 224+0723 237+021 157020 1890722
HaAb 57+01 S6%02 7.1%£03 69+02

20 PFC 1972041 1081020 133£0.19 1.05£0.10
HA 631072 6.1+0.3 571202 5402

a: X 107%/spleen

b: log, titer (reciprocals)

#: Exposed within one hour after antigen injection
##:  Exposed within one hour before antigen injection
Each value is expressed as mean * SE of 5-7 mice.

%2 HAOBEONO; #BAL B/ Cll~v 2 >—&KH ki
SHCRIZTES
Table 2. Effect of various concentrations of NO, on

primary antibody response of male BALB/C
mice

One hour after® One hour before##
NO, ppm Control  Exposed Control Exposed

5 PFC2 206*0.12 205008 225+028 248:0.29
HAb 6702 70+0.1 63102 6.7+ 0.1

20 PFC 141£0,10 078x017*% 1.60%£0.19 064+0.10%*
HA 49101 45£04* 5402 44 +(03*

40 PFC . 1.6520.19 059+007%*% 1.46+0.12 04810.12%*
HA 52+0.1 41 £0.1** 50%03 36+0.2%*

*  p<0.05

**: p<00l
~a: X 107%/spleen

b:  log, titer {reciprocals)

#: Exposed within one hour after antigen injection
##: Exposed within one hour before antigen injection
Each value is expressed as mean * SE of 5-7 mice.
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-Table 3. Corﬁparison of primary antibody response
in NO, exposed male and female BALB/C
mice #

‘ Male Female
NO; ppm Controle Exposed Control Exposed

5 PFCa 165+0.16 163+0.18 211t023 2:04+0.13
HAD  70£00 70%02 56£02 . 55+00

20 PFC.  2.19+£028 120x0.16* 231£0.07 1.38+0.26%*
HA 59+0.1 51x0.1%* 60+0.1 60£0.1 .

40 PFC 2302021 0402005%*207+0.12 1.04£0.16**
HA 72202 57£01** 7110l 6.7+02%

#:  Exposed within one hour after antigen injection
¥ p<0.05

*¥*: p<0.01

a: X 107%/spleen .

b:  log, titer (reciprocals)

Each value is expressed as mean + SE of 5-7 mice.
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Table 4. Effect of exposure to 20 ppm NO, after
antigen injection on primary antibody response

One day after# Two days afterf# Three days after###
Control Exposed Control Exposed Control Exposed

PFC x 107% 1.39%0.13 (.48+0.10%*1.9620.13 0.70+0.09**] 68+0.16- 0.89£0.12%*
spleen

PFC/10°% 361£35 27978 649179 327+33%% 61082 51841
spleen cells i

HA 5.620.1 49:0.2*% 64102 S5.TX0.1%*  6.810.2 6.5+0.1

#: Exposed one day after antigen injection

##:  Exposed two days after antigen injection
###:  Exposed three days after antigen injection

*: P<0.05 **: p<0.01 .
Each value is expressed as mean * SE of 57 mice. -
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Fig. 1 Effect of exposure of NO, on the number of
the spleen and thymus cells.
#:  Exposed within one hour after antigen injection
##: Exposed within one hour before antigen injection
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Table 5. Effect of exposure to 20 ppm NO, on the
number of the thymus cells and #-antigen
positive cells

One hourd One hour® One day¢ Two daysd Three dayse
before after after after after

E/C(%)* E/C(%) E/C(%) EC()  E/CT)

No. of -
thymus cells 76664 41.1+33 330126 44452 633181

d-antigen
positive cells 970206 94319 94704 992+05 101307

a~e: See Table 1 and Table 3
*:  Percentage of control value
Each value is expressed as mean * SE of 3 experiments

#6 NOHOHREO—RIVKELERIC TSRS

Table 6. Effect of subacute exposure to NO; -on
primary antibody response

NO; ppm Control Exposed
04 PFCA 228051 1.31+£0.37
HAD 75204 6.7%0.6
1.6 PEC 2.86+0.51 1.30£0.25%
HA 61205 46+02%
6.4 PFC(1) 050%0.12 0.74x0.10
) 2) 1.27+0.31 3.12£043%*
HA (1) 5705 67+0.3
(2) 46%0.6 63+03
¥ p<0.05
*%: p<0.0l
a: % 107%/spleen

b:  log, titer {reciprocals)
Each value is expressed as mean * SE of 9-10 mice.
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Abstract

The values of clinical examinations were determined using the sera of
rats exposed to NO,. When they were exposed to 5, 10 and 20 ppm NO,
for 24 hours, many of these values showed remarkable changes. However,
changes in these values were not significant at the concentration of 5 ppm.
In the exposure of NO, at the concentration of 4.0 ppm for 7 days, values
of cholinesterase, alkaline-phosphatase and bilirubin changed preferentially
with the time of exposure,
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Table 1. Clinical biochemical examinations.

Components, abbreviations and methods

Component Abbreviation Method
Glucose Glu Hexokinase
Aldorase Ald Bergmeyer
Lactic dehydrogenase LDH W.L-Henry
Creatine phosphokinase CPK Oliver
Total protein . TP Biuret
Glutarmic oxalacetic transaminase GOT Karmen-Henry
Glutamic pyruvic transaminase GPT W-L-Henry
Total cholesterol TCh CHOD/PHP
Albumin - Alb " BCG
Blood urea nitrogen BUN Urease UV
Total bilirubin Bil Evelyn-Malloy
Alkaline phosphatase AlP Bessy-Lowry

: Cholinesterase ChE Eliman
Creatinine Cre Jaffe
Triglyceride TG Enzymatic UV
Leucine aminopeptidase LAP Nagel
Inorganic phosphorus Pi Molybdenum blue
Calcium Ca OCPC '
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Fig. I Changes of glucose in male (o) and female
{®) rats with age
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Fig. 2 Changes of aldorase in male (o) and female
(®) rats wit!h age
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Fig. 3, Changes of lactic dehydrogenase in male (o)
and female (®) rats with age
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Fig. 4 Changes of creatine phosphokinase in male
(o) and female (») rats with age
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Fig. 5 Changes of total protein in male (0} and
female (@) rats with age
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Fig. 6 Changes of glutamig oxalacetic transaminase
in male (0) and female (®) rats with age
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Fig. 7 Changes of glutamic pyruvic transaminase in
male (0) and female (®) rats with age
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Fig. 8 Changes of total cholesterol in male (o) and
female (®) rats with age
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Fig. 9 Changes of albumin in male (¢) and female
‘ (®) rats with age
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Fig. 10 Changes of blood urea nitrogen in male (o)
and female (@) rats with age
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Fig. 13 Changes of triglyceride in male (o) and
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Fig. 14 Changes of leucine aminopeptidasc in male
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Fig. 15 Changes of inorganic phosphorus in male (o)
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BMENO; 24HHRRTREATT - HER T, BREHED, EERARCEIELHED L
#17-Glu, LDH, CPK, GOT, GPT, BUN, Bil, AIP, ChE, Cre, TG it 20T,
FHEEE EEEEER2ERL, s BB E 1008 LABEOEERL TIOR LI,

REBRMBELEELT, Glu, TG, TChids5mil kT, BUN10m L EEioL,
TChshit, BEDOLRiclECRMLA. XGluid20m?T, TG, BUN, TChidl 0mElL
THEcEmLY, —5LDH, A1P, GOT, GPT, Bil, CPKid, smBLTRIL,
CPKAEDEVWTH, TRTHEOLRCHVELL, GOTRSmEUET, GPT, Bil 210
gLl 7, CPKi5m, 20 TcARICHES L, ChERMEEICK~, 10mTHETHEML
fods, EEICRE LI ED@EHED b hk,

#2 NO; 24%MEEZORKEMEEC RS TES (BRE)

Table 2. Effect of NO, exposure for 24 hours on
clinical biochemical examination of serum.
(Starvation rats)

Control S ppm 10 ppm 20 ppm
Glu  (mg/100 ml) 18745 20122 24138 303£24%*
LDH (mu/ml) 17682827  1209£239 1267+343 873+408
CPK (mu/ml) 14812374 6211173*%* 1064482 817£439*
GOT (mu/ml) 143.2+43.0 90.8£10.2% 89121 % 68122%*
GPT (mu/ml} 23.844.3 23,014 13.0£3.8%% [5.5£57*

BUN (mg/100 ml) 15.0£1.4 i4.4x1.2 19.212.0%*  23.613.6%*
Bil  (mg/100 ml) 1.7020.22 1.55+0.14 1.15+0.24%* 0,39x0.20%#

AIP  (nw/ml) 6716 595 59+7 5548
ChE (mu/ml) 536108 550294 63a36%*%  552%38
Cre (mg/l00ml)  072:0.03 075:0.07  0.80+0 0.73£0.08
TG (mg/100 ml) 7840 82+14 161£36%*%  164+36**

(m+SD, n=6, *: p<0.05, **: p<0.01)
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Fig. 17 Effect of NO, exposure for 24 hours on
clinical biochemical examination of starva-
tion rats. Data are expressed as percent of
control.
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ZORWENRER19~211cF L7, ChEKBLT, | BB TRRBEICILE, BEbiod
Ao, 3HEETHBRBEGIEOEERLA®, 5, THATRHEBRLDEFEVEEE -1,
HTR3 AR THEB LY bPHLIKEL, 5EETREMAEZRLAL DD, TRETEHMNRELD
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#3 NO; 24 HHBEOREEBECREZTES (BEE)

Table 3. Effect of NO, exposure for 24 hours on
clinical biochemical examination of serum.
(Feeding rats)

Control 5 ppm 10 ppm 20 ppm
Glu  (mg/100 ml) 126123 176+40% 146£46 173£35%
Ald  (mu/m]l) 103+34 11647 10811 11613
LDH (mu/ml) 982+165 1823+646*  1668+487* 1462538
CPK (mu/ml) 11641216 14914636 1543347 1426+301
TP  (g/100 ml) 6.10£0.54  6.612022 - T91X0.67** 7T.43+0.40%*
GOT (mu/ml) 93.0%12.3 11004225 982+148  92.8116.6
GPT (mu/ml) 22619 26.0+4.2 21.6x4.7 13.9+] G**
TCh (mg/100 ml) 657 11444 71 2%* 52+6%*
Alb  (g/100 ml) 3.12#0.20  3.1020.37 2.70£0.10%*  296+0.73
BUN (mg/100 mly  32.7+73 3295470 17.942.8%*%  23.5+3.04%*
Bil  (mg/100 ml) 1.54+024  1.1820.10% 0.84+0.33** |.0420.10%*
AlP (mu/ml) 107+7 104123 33+0%# 63t6¥*
ChE (mu/ml) 856150 546x108%%  526+90* 536£106%*
Cre (mg/i100mly 045017  0.60£0.22 0.43+0.10 0.45£0.10
TG (mg/100 ml) 17136 20771 - 651 8% 95235%*

(m+SD, n=6, *: p<0.05, **:p<0.01)
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Fig. 18 Effect of NO; exposure for 24 hours on
clinical biochemical examination of feeding
rats. Data are expressed as percent of
control. '
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Fig. 19 Cha-nge of cholinesterase in male and female
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Fig. 20 Change of alkaline phospatase in male and
female rats exposed to 4 ppm NO, for 7
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Research Report from the National Institute for Environmental Studies No, §,1979,

Sy tOBS HILEMICRITTMELERORE

Effect of Nitrogen Dioxide on Sulfhydryl
Group in Rat Lungs

ATEYE

Meiji KAWATA'

E 5

NO, % Wistar 7 » FiCRE L, WOk s /e 274 SHILSH (NPSH ), BRiMs
Aa2FF v (GSH), BRI LE 54 (GSSGIREBTESBESNTHRI LY,
NPSH & Ellman &% (DTNB ) Z X D#l%E L, GSH & GSSG &i3 DTNB, NADPH,
FNEFA v LE T E—EEROABEFA 7Y Y TBCEORD. 5, 10, 20m
® NO, @, thTh2 4%EEE LSS, SmERR T NPSH & GSHE I MR
WIEARTH L 0 BOFELIWINERLESR, 20mERRTRVTIRLLEELRS UL,
GSSC HHSFEEB b TimLic. 40&6.0mDONO, T10BMERELT -8
&, 40pBERETII, NPSHEGSHERBFHXREML, 53&KEIE~OHNREMADL2]
EICEL, 1O0HEKEE~L08, 108Nk, 6.0mBEE T, NPSH &
GSHERTHEXE4OHBED 12850130y, 108#ICIIE~ 118,
L20EE »Tc, I F 7t Y BB LHS GSSGROFRIZ, 40mT2~3 %,
6.0MT2~4%B LD, VTHOBSLHBRICE~TERIROHEML 2,

Abstract ' :

_ The effects of NO, exposure on the ievels of nonprotein sulthydryl
(NPSH), reduced glutathione (GSH), and oxidized glutathione (GS38G) in
lungs of male Wistar rats were studied. When the rats were exposed for 24
hours, the levels of both NPSH and GSH increased approximately by 10%
in 5 ppm NO, and decreased in 20 ppm NO,. The increase in levels of
GSSG was dependent on the concentration of NO, . Rats were continuous-
ly exposed to 4.0 ppm or 6.0 ppm for 10 days. In the exposure'to 4.0 ppm

L EBUANMER BHEEDR F800-21 FHBRANIEMEEr
The National Institute for Environmental Studies, Basic Medical Sciences Division, P.G.
Yatabe, Ibaraki, 300-21.




NO,, the levels of NPSH and GSH increased to 121% after 5 days, and then "
attained 108 and 109% after 10 days. In the exposure to 6.0 ppm NQ,, the
levels of NPSH and GSH increased to 128 and 130% after 7 days, and then

~ attained 118 and 120% after 10 days. The levels of GSSG, which accounted
for 2—4% of the total glutathione, remained unchanged throughout the
exposure for 10 days.
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Fig. 1 Effect of varying'concentrations of NO,
exposure on nonprotein sulthydryl (NPSH)

and reduced glutathione (GSH) levels in

lung tissue
(m£38D, n=6, *:p < 0.05, **:p<0.01,
¥*%: p < 0.001).
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Fig. 2 Effect of varying concentrations of NO,
exposure on oxidized glutathione {GSSG)
level, (%) of total glutathione in lung tissue
(m+SD, n=6, **: p < 0.01).
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Fig. 3 Effect of 4.0 ppm NO, exposure on non-
protein sulthydryl (NPSH) and reduced
glutathione (GSH) levels in lung tissue
e——: Exposed, o----<: Control
(m*8D, n=6, *: p< 0.05, **: p < 0.01).
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Fig. 4 Effect of 6.0 ppm NQO, exposure on-non-
protein sulhydryl (NPSH) and reduced
glutathione (GSH) levels in lung tissue
e« Exposed, o—----<=: Control
(m+SD, n=6, *: p < 0.05, **: p < 0.01,
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Fig. 6

Effect of NO,; exposure on oxidized gluta-
thione (GSSG) level, % of total glutathione

in lung tissue

A: 4.0 ppm NO, exposure, B: 6.0 ppm NO,
exposure. e——a: exposed, o ---<: control.
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Effect of Nitrogen Dioxide on Lung Phospholipids.
—Reaction with Unsaturated Fatty Acids and
Change in the Composition of Fatty Acids of Lung Phospholipids— .
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Abstract .

The reaction of NO, with oleic acid and linoleic acid was investigated.
NO, catalyzed the cis-trans isomerization of their double bonds. Nitro sub-
stituted radical, as an intermediate of cis-trans isomerization, was attacked
by NO, resulting in nitro compounds. In oxygen rich conditions cis-trans
isomerization was retarded, while nitro peroxygenation was accelerated. In
the presence of H, O, entire reaction was retarded probably due to the de-
crease in the available concentration of NO, caused by the reaction of NO,

. BwATHES ANERES T300-21 KERFHIBELET

The National Tnstitute for Environmental Studies, Basic Medical Sciences Division, P.O.
Yatabe, Ibaraki, 300-21.
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with H, O. Nitro compounds produced were analyzed and the possible
formation mechanism were discussed. -

In order to examine the effects of NO, on fatty acid species, phos-
pholipid fraction was extracted from lungs of rats exposed to 20 ppm NO,
for 20 and 40 hours, and fatty acid species in phospholipid fractions were
analyzed using gas chromatography. Among fatty acid species in lung,
contents of palmitic acid increased significantly. This increase in palmitic
acid content was discussed in comparison with the similar result of sub-
acute exposure of NO, 'and O; reported by other workers.
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Fig. 1 IR specta of reaction products of oleic acid (1) with NO,
1: oleicacid, 2. after 2 hours, 3, after 36.5 hours.
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Fig. 2 Cis-trans isomerization of oleic acid (1) catalyzed by three
different concentrations of NQ, . Plot of % of trans isomer
vs. time

e; 5070 ppm, ©; 477 ppm. @;44.4 ppm.
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Fig. 3 Temperature dependence of cis-trans isomerization of oleic
acid (1) catalyzed by NO,. Plot of In[1/1 — T] vs. time.
T denotes concentration of trans isomer.
©;287°K, ;304°K, o;317°K.
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Fig. 4 NO, catalyzed cis-trans isomerization of oleic acid (1) in the
presence of O, and/or H, O. Plot of % trans isomer vs. time
0;NO,, ®;NO, +0,, o;NO, +H,0, w;NO, +H,0+0,.
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Fig. 5 Cis-trans isomerization of acyl pért of Dioleoy!l-L-«-phosphatidy]
choline (4) catalyzed by NO, (521 ppm). % trans isomer (after
methanolysis) was plotted vs. time. :
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Ho-g\/\/\/\/:\/:\/\/\ Cis-cis isomer °

(Linoleic Acid}

Ho—g \/\/\/\/—:_\/=/\/\ Cis-trans isomer

HO-S —/ N Trans-cis isomer

Ho'g \/\/\/\/:/\:\/\/\ Trans-trans isomer

M6 V. —nEBORAEM K

Fig. 6 Geometric isomers of linoleic acid.
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Reaction time ( hour )

K7 U/—vEBRONO: (47 Tm)iCLdyra—t 37 v RRMENL, #ARMK
O} fIZE b

Fig. 7 Cis-trans isomerization of linoleic acid (2) catalyzed by NO,
(477 ppm) in CCl,. Plot of % geometric isomers.
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Fig. 8 Cis-trans isomerization of linoleic acid (2) catalyzed by NO,

(477 ppm) in the presence of O, and/or H, O plot of % of
linoleic acid vs. time
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Fig. 9 Entire reaction process of oleic acid (1) with NO,
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Fig. 10 Production of nitro compounds of linoleic acid vs. time
L: Initial content ot Hinoleic acid
L’: Content of linoleic acid and its geometric isomers after

exposure to NO, (477 ppm) in the presence of O, and/or
H, O
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Fig. 11 Gas chromatogram of reaction products of linoleic acid with
NO, in the presence of O, . After 10 hours.

(13) azelaic semialdehyde *; stearic acid, **; geometric

isomers of linoleic acid.
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ERBUAMBIZON, = totBELT= o #4 A P BSFEECHRS OBREET,
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Wistar#f7» P (7~88%, KFH148~1769)%220mNOic20M, 40K E
Lico LOBETI» PREALEVEDHBBELTHEES » AP,
ZICEBBOBERL SV ELODEKELER T, MOBERIZ 4 0N RBBRES M
Lico CORBROMBMIAMABSC LEREMEM LIk EELShE, —HFi2bd b ick
MUTO B HHBERS SR, B, MREERTHTHICRD Ui,

ik pREERRE, Lo YIEHERZFH 2 WRT,. MTRMEFLLAERRALIN
o tg

Mo ) YIFEoEFBRERERK 1 40L3 R R 702 /5428350, NO: RERK
KORIUTTESKERT 50 THOLEHEMETAROE o L F VRIZEBMIOZE S
R3THPHA3B~ERMUI. ORTIEERTIE YRF B ( 46%>31%) 27T
Y (127%~116%) D7/ 29 v ( 3.3%— 22 %) HICHEICRD L, ¥R
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Table 1. Body weight and wet weight of organs and experimental

data after 20 ppm NO, exposure

NO; exposure

Control 20 hours 40 hours
N=6 N=8 N=17
Initial body wt. (I) g 1582+62 - 167.7+47
Final body wt. (F) g 1395+£538 148544 146089
F/I2 0.84 — 0.87
Lungwet wt. (Lu)g 0764 +0.003 0.893+0.005 161501120+«
Lu/Fa 549 +047 6.02+051 11,08 £ 2 39%%*
Liver wet wi. {Liv)g 4676+ 0828 54630462 5.399+0.142
Liv/Fa 33671675 3660233 3705+142
Kidney wet wt.(K)g 13140311 13990058 1.324 +0.056
K/Fa 9471246 9.02+042 908 048
Spleen wet wt. (S) g 0.385+£0.059 0.366+0.033 0343+0.048
S/Fa 2772047 2461 0.22 2351036
a: x10°
b: T-test as compared with control ¥k P<0.001
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Table 2. Lung tissue lipids and phospholipids after
exposure of rats to 20 ppm NO,

NO, exposure
Control 20 hours 40 hours
N=6 N=8 N=7

Total Lipids 152+4.13 16.1 £4.3 15658
Total phospholipids 143+35 148 +37 139+43

a:  Mean value £ 8.D. (mg)
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Fig. 14 Gas chromatogram of the methylesters of the fatty acids
associated with lung tissue phospholipids

— 123 —




BB TRA LI B (1 1L9%-00%) T+ FYBE (1 21%~1 1.4%) iddbic HIcH
Dlfee I b4 YBR(23%-32%) HRICHMLL. Y/ — A Bid2 OBRRBERT
RED L4 OMBRENTRARCHENLEZ. tohiAEOMR & THRBEMA261 5,
558 BOEM#HmMT 2HEERL 1264 PO — 7 MBL T 2ERETL R,

#3 20mNO: 2Bt O/ vIEE OREIBMKROEDY

Table 3. Chm@emthehﬁyaddcmnmxﬁbnoangﬁﬁue
phospholipids after exposure of rats to 20 ppm NO,

NQO, exposure

Control 20 hours 40 hours
RT4 N=6 N=8§ N=6
261 1.06:0.067 1.242001%% 1.46+0.06%**
Myristic Acid 341 4.63+0.55 3.92+0.35%* 3.09%0 32%*
Palmitic Acid 411 37261121 4025%1.54%% 42 8010 95**+*
Palmitoleic Acid 445 2332018 2.32+0.19 32040 22%%*

526 0.39£0.03 0.37z003 0.5520.14%*
558 1.7420.13  1.47+0.22% 1.27£0,10%**

Stearic Acid 694 12.71+0.35 12.24+0.39 11,6420 33 %%
Oleic Acid 763 11.88+0.50 11.77044. .89+ 59%**
Linoleic Acid 915 6782038  6.41+0.14*%  7.3710.34%

. Arachidonic Acid %gég) 12,08+0.73. 11.94%0.63 11.3620.57
Lignoceric Acid (1036) 3261044  2.67x0.33*  2.2010.33%*

(1264) 247037 2.16x0.33 2.02+0.29
Docosahexaenoic Acid (1341) 3.2320.18  3.22+£0.23 3.3240.63

a:  Retention time (sec) at 160°C and at 190°C (in parenthesis)
b:  Mean % value £ S.D. '

¥ p<0.05
¥ p<{0.01
*¥*%: p<0.001

NO; »2MEHRT 2T &icky, MM VIEEOEHRMAK G L 3 F Y BBEEICHM
TACEEZRB LAY, CHiZRoehmodDZ » FICHEMRR (1 0m, NOz, 4:8M) itk
WT3BREMLABEERUEATSH S5, 2 oMb OEETE, Roehm & idsen 3 b g v
BbsmL, T35+ FYBUbOTHIRRBLTIENS, 402 EEEREIAUERNEZRELT
Whe ThA LA VB, /- A BB L TRADHMICEZC EERELT B, —FHArner
55y t~OBHBEHE(29mNO,, 1B ARHEIY A D 0k®, LoF Lo en
TF VB FEROTIECSHEELT B, B Y VISEND 40 ~5 0815 Lo F ¥ ht
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Abstract

A number of chemical agents have been successfully employed in
protecting animals against the lethal effects of NO,. It was observed that
3-methylcholanthrene (3MC), allylisopropylacetamide (AIA), phenobar-
bital, and chlorpromazine -prolonged the mean survival times during NO,
exposure {mean 70 ppm) in male rats; 3MC and AIA were especially
effective. p-Aminobenzoic acid (PABA) did not prolong the survival time.
3MC: and phenobarbital also prolongéd the mean survival time in female
rats;’ 3MC was particularly effective. On the other hand, a significant
shortening of survival time in female rats injected with AIA prior to NO,
exposure was observed. Chlorpromazine and PABA did not prolong the
female survival time. In addition, a significantly longer survival time in con-
trol female rats compared with control males exposed to NO, was ob-
served. Male and female rats injected with 20 mg/kg of 3MC for 4 days and
exposed to 87 ppm of NO, on Day 5 had mean survival times of 266 and
303 min, respectively, while the mean survival times of uninjected control
male and female rats were 144 and 187 min, respectively. A single injection
of 20 mg/kg of 3MC and multiple injections of 2 mg/kg of 3MC produced
no difference in mean survival times from the control groups in both sexes.
These findings suggest that the mechanism by which 3MC protects against
NO, induced lethal pulmonary edema is mediated by the induction of
enzyme systems. '
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Table 1. The effects of enzyme-inducing agents on
the prolongation of survival times of male
rats exposed to a mean level of 70 ppm of
nitrogen dioxide '

Injection regimen? Mean survival time

(min)
Control 166 £ 32 (100)°
3Methyicholanthrene, 20 mg/kg 303 £ 534 (183)
Allylisopropylacetamide, 200 mg/kg 266 + 544 (160)
Phenobarbital, 60 mgfkg 212 £ 358 (128)
Chlorpromazine, 10 mg/kg 202+ 34f (122)
p-Aminobenzoic acid, 30 mg/kg 18431 (111)

2 Fourteen rats were employed in all groups

bMean t SD ‘ _

¢Number in parentheses is percentage of control (100%)
d Difference from control group significant at p < 0.001
€ Difference from control group-significant at p < 0.01

f Difference from control group significant at p < 0.05

#£2 EHTOmONO CREINLHT » F OEFERRM icd
ZBAFUAEDRSORE

Table 2. The effects of enzyme-inducing agents on
the prolongation of survival times of female
rats exposed to a mean level of 70 ppm of
nitrogen dioxide

Mean survival time

Injection regimen? (min)P
Control 204 £37 (100)°
3-Methylcholanthrene, 20 mg/kg 314 + 844 (154) -
Allylisopropylacetamide, 200 mg/kg 147 £ 164 ( 72)
Phenobarbital, 60 mg/kg 245 £ 46° (120)
Chlorpromazine, 10 mg/kg 206 £ 39 (101)
p-Aminobenzoic acid, 30 mg/kg 207+ 54 (101)

4 Fourteen rats were employed in all groups
bMean + SD
CThe number in parentheses is the percentage of control (100%)
dDifference from control group significant at p < 0.001
* ©Difference from control group significant at p <0.05
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Table 3. Time of death of rats exposed to 87 ppm of

nitrogen dioxide after four daily intraperitoneal
injections of 3-methylcholanthrene or olive oil

Mean survival time

Injection regimen {min)3
Male Female
A. Olive oil, Days 1—4 (8)P 144 £35 187 £20¢
B. Olive oil, Days 1-3; 3-MC, 20 mg/kg, 4 days (8) 142+32 20932
C. 3-MC, 2 mg/kg, Days 1—4 (6) 137£36 194227
D. 3:MC, 20 mg/kg, Days 1-4 (8) 266+ 474 303 £33

4 Mean * SD

b Numbers in parentheses indicate number of rats in each group
©Significantly different from male group A; p < 0.05
dSigniﬂcantly different from male group A, B,or C;p <0.001
€ Significantly different from female group A, B, or C; p < 0.001
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13 Gray, E. (1959): Oxides of nitrogen: Their occurrence, toxicity, and hazard.
Arch. Ind. Health, 19, 479+C%. :
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Abstract

The changes of the enzyme activities of the perioxidative metabolic
pathway in lungs and erythrocytes of rats exposed to NO, at the con-
centrations of 0.4, 1.6 and 6.4 ppm were examined. Activities of glucose-6-
phosphate dehydrogenase (G6PD), glutathione reductase (GR) and con-
tents of reduced glutathione (GSH) in lungs increased significantly by the
exposure of 1.6 and 6.4 ppm NQO, . These increments were most remarkable
at the 4th week. However, the activity of glutathione perioxidase (GPO) in
lungs was not changed at any periods. TBA reactants in lungs as a index of
lipid peroxidation by NO, exposure raised only at the 8th week.

In erythrocytes, the activity of G6PD fluctuated drastically during the
exposure. At the 13th week of the exposure, the activity of G6PD in-
creased at the concentration of 1.6 and 6.4 ppm NO,, GR decreased at 1.6
ppm, and GPO did not show a significant change. The concentration of
GSH increased significantly by the exposure of 1.6 and 6.4 ppm NO,. TBA
reactants were decreased significantly in all groups at the 4th and 8th week.
Fragility of erythrocytes as a index of lipid peroxidation by NO, exposure
raised only at the 8th week. )
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Fig. 1 The changes of body weight of rats exposed to
nitrogen dioxide
o, Control, ®,0.4 ppm, ©; 1.6 ppm, 2;6.4 ppm.
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Table 1. Lung wet weight and the ratio of lung wet
weight per body weight of rats exposed to
NO,

iw 2w 4w 8w 13w
Control A 0.89£0.06(100) 1.00:0.07(100) 1.2630.02(100)  1.1520.07(100) 1.22:0.11(100)
B 0.00495 (100) 0.00437 (100) 0.00337 (100) 0.00284 (100) 0.00264 {100)
04ppm A 091:0.06(102) 1.0120,07(101) 1.1240.07( 89) 1.32:038(115) 124:0.15¢102)
B 0.00536 (108) 000430 ( 98) 0.00331 ( 98) 0.00329 {116) 000280 (106)
Léeppm A 090:0.10(101) 1.02:007(i02) 1.1640.06( 92) 1.2420.12(108) 1.3310.13{109)
B 0.00517 (104) 0.00434 ( 99) 0.00320 { 95) 000304 (i07) 0.00285 (108)

64ppm A 097:0.08(109) L10:0.11(110) 13320.12(106) 1.40£0.15(122) 1.4620.10(120)
B 000565 (114)  GO0470 (108) DLO0381 (113) 000347 (122) 0.00321 (122

cf. 1. Sample numbers of each value are 15 (n=15).
2. Values of lung wet weight (A) are expressed as mean = SD.
3. The ratio of lung wet weight per body weight (B) are accounted
by the mean of lung wet weight and that of body weight.
4. Values in parentheses indicate the percent ratio of the control (100).
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Fig, 3
Changes of glutathione reductase

activity in rats lungexposed to
nitrogen dioxide
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Fig. 2

Changes of glucose-6-phosphate
dehydrogenase {(G6PD) in lungs of rats
exposed to nitrogen dioxide

C, control group (n=5); 1, 0.4 ppm group ;
2,.1.6 ppm group (n=5); 3, 6.4 ppm group ;
*p<0.05; ** p<0.01; *** p < 0.001:
Same marks were used in all following figure.
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GSH peroxidase ( u mole of NADPH cxidized f mg prot / min
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Fig. 5

Changes of reduced glutathione

concentrations in lungs of rats
exposed to nitrogen dioxide
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Fig. 4

Changes of glutathione peroxidase
activity in lungs of rats exposed to
nitrogen dioxide
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Fig. 7

Changes of lactate dehydrogenase
(LDH) activity in lungs of rats
exposed tonitrogen dioxide
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Fig. 6

Changes of aldolase activity in lungs
of rats exposed to nitrogen dioxide

2w Aw Bw 3w

800} _}_I-_H_

600

400

Lactate dehydrogenase ( Units / mg prot / min )}

200p

€123 €123 cC123 €123

—142—




TBA velue { m mole of MDA /g prot )

1.0p

08p

0.6

Qaf

0.2

—t— *
[—

1Bw

*

X 8
NO: 2% >5» FOlth TBABOEREL

4
[ —
T

Fig. 8

Changes of thiobarbituric acid (TBA)

values in lungs of rats exposed to nitrogen
dioxide
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Fig. 9 The changes on fragility of red blood cells of
rats exposed to nitrogen dioxide for 8 weeks
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#2 13:BMNO,IcBB L5 } FMBRPD Peroxidative
metabolic pathway BOBiBEETH:
* SHRH L OMOEEE( P<005 ) Rt

Table 2. The enzyme activities of the regarding to peroxidative metabolic
pathway in erythrocytes of rats exposed to NO, for 13 weeks.

Control 04 ppm. 1.6 ppm 6.4 ppm

Items

G-6-P DH (U/mg-Hb/min) 19.97(100)3)20.66(]05) 21.79(109)* 21.62(108)*
GSH-Rase ( 7 ) 241(100) 2.44(101) 1.93( 80)* 2.22( 92)
GSHPO ase( ) 416(100)  416(100)  425(102) 415(100)
LDH( ” ) 242(100)  242(100)  252(104) 258(107)*

*. Significantly from non-exposed group, p < 0.05
a} Values in parentheses indicate the percent ratio of the control (100).

115 '[

% of control

a0 |4

o

| | Il 1

85 A 1

Exposure time [ weeks )

10 NO; BB>» FrOFRMNBHRIAI—R2—6—1) V&
BAEBE (G6PD) FHOBRRKEE _
—®& Q4gmiF ; —O--- L6 ; ~~-A-—- 64mH,

Fig. 10 The changes of glucose-6-phosphate dehydrogenase in
erythrocytes of rats exposed continuously to nitrogen dioxide
(Enzyme activities were expressed with percent of control, 100.)

—— 0.4 ppm; -O--—1.6 ppm; -I\--= 6.4 ppm:
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Table 3. GSH contents and TBA reactants in blood of rats exposed to
NQ, at various periods )

EXPOSU® Control 0.4 ppm léppm 64 ppm
g 2wk 472(100) 484(103) 483(103) 437(93)
ZE 4wk 495(100) 508(103) 532(107) $21(i05)
3 gwk  457(100) 460(101) 435(95) 430(94)
S 13wk 461(100) 521(116)* 525 (116) 4.48( 99)
I 2wk 114(100) 100( B®)* 109 96) 121(106)
E awk  115(100) 99( 86)* 91( 79)  95( 83)*
;53 Swk  121(100) 109¢ 90y 90( 74)  96( 79)*
B 13wk 111(100) 126(113) 136(122) 125 (113)

*:  Significantly from each non-exposed group, p <0.05 |
ug/g protein in blood

*¥®%. 1 moles MDA/g protein in serum

Hk.
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Abstract :

Lipid contents in lungs and sera of rats exposed continuously to NO,
of 0.4, 1.6 and 6.4 ppm were examined during the exposure for 13 weeks.
Total lipids (TL), triglyceride {TG) and total cholesterol (TCHL) in sera
increased at the first week of exposure, and then decreased conversely at
the second and the 4th week. Finally they gained steadily upon the control
values at the 8th and the 13th week. The change of TCHL was most re-
markable among them. Free fatty acids in sera decreased rapidly at the first
and the second week, and then approached gradually to their controt values
at the 8th and the 13th week. Phospholipids changed similarly to free fatty
acids at the first and the second week, and then they were kept at the
lowest level.

Lipids in lungs showed small alterations at the second week of the
exposure, and then increased with a clear dose-response retationship at the
4th week. The ratio of these increments were lowered at the 8th week, and
then each lipid coversely decreased significantly at the 13th week. Com-
pared the changes in sera with those in lungs during the exposure, the time
courses in sera seemed to be antiparallel with that in lungs. These results
suggest that the exposure of NO, may affect the lipid metabolism in sera
and lungs.
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Fig. | The changes of totai lipid concentrations in
serum of rats exposed to nitrogen dioxide
e 0.4 ppm; o 1.6 ppm;2 6.4 ppm.
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THRIREEHEI T, 8EEHS | 3BARLY THRBEHFET 2D L6m BO LS &S
HEBLIOENT AL UEEAR L, REMBEPERI VAT - OB 3IKRTIHI
K S <, 1#ME TR Dose —Response ME#15 b1 1645 & U 6.4 m B T 210 60
HOHMMERLE. 288, 4 BB TRELCERNERL, 8 8~1 3 HETEAHE NG LIXHBL
S ~DEFEERETR L, MBFEPOBREHBEOENLCTR4KR LI, 2886 4 HE KD
HTELNHLHASNBBE NS 1 3AB KA TRHYBEICE ST » . ZhEDE/LIR
T T D TR Dose —Response FBMR & fe, .

) VIREOBBELERICTE LY, ) YEEOEARB 1 BEH S 2BBHE T 0 RO
INEVELTEH - BEETROERL, 2081 JBEETRAL L LOROREER o7z, &

% of control

Exposure time ( weeks )

M2 NO BE7 v rOMIR )7 Y+ FOREEIL

Fig. 2 The changes of triglyceride concentrations
in serum of rats exposed to nitrogen dioxide
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Fig. 3 The changes of total cholesterol concentrations
in serum of rats exposed to nitrogen dioxide
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Fig. 4 The changes of non esterified fatty acid con-
centrations in serum of rats exposed to
nitrogen dioxide
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WL 0AmMBOATEESHEMERL, L6MBLIU64mBTRAMNBELRAL IR
ste Chit] 3BEBKNZEFUFRLTOImMBR YR LML ED 1L6mE & 6.4
mHETHEEHRLERTERESE 0 T CORBRMTOMBBICONTEZE, T bOD
BEOBME >N TRIFEERRIBL LT Mmdsy 28H (8:ES), 8@B (1485
LU1388 (1985)05 y FORIKEZHEOBOELRBE (7 =0651 P< 005 )
FELTI o, cDZEIDZ v FOMMEBOBIEER NS DR THA K TR S 2 BERKIC
BETFTLTCHDTHBELEERLTVS, TCOENRBHE TOLHIX2BET 1. 6mBLEE
BRI RS £ O EEED S hiihot, 4BETRTXTOREE CHIINER
AR U, BERENEDONAORAMBDLTH%, BBETHOLmMEDLY
Bi#mnE oSt BlimBLedamBTROLARDSER 2L, 13 BAECRERD
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Fig. 5 The changes of phospholipid concentrations
in serum of rats exposed to nitrogen dioxide
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Fig. 6 The changes of total lipid concentrations in
lungs of rats exposed to nitrogen dioxide

C. control; 1,0.4 ppm: 2, 1.6 ppm; 3, 6.4 ppm.
* < 0.05; ¥F p<0.01; *** p < 0.001.

Same expressions were used in Fig. 7 ~ 9.
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Fig. 7 The changes of triglyceride concentrations
in lungs of rats exposed to nitrogen dioxide
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Total Cholesterol in Lung (mg/ ¢ Protein)
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Fig. 8 The changes of total cholesterol concentra-
tions in lungs of rats exposed to nitrogen

dioxide
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Fig. 9 The changes of phospholipid concentrétions
in lungs of rats exposed to nitrogen dioxide
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BAORKICEEEERT UALIEE o7, HORa V25 oA BOE((R, NERATLIK
TG EMtkic 2 BA TREBESEMIEC, 4;88 THE Dose — Response B D & & IC#1N
L, LbmBELe4imBTRIFELEMBE SN, ZOBNIMEZOIRERSH TR N
ERLDOTh-t, BILBEBATRCOL H1HBNE 6 4 ppm BOATHR LN EZOHMOEE b
BTNEOEDTH 12, T0HR1IBATEEREOTICHOBMERL 16 mBEL 64 m
BTRERCRES LT, B0 ) YIREROBBE (I 9 WRLALSC NO: RER
2 ~4 JE T BB 12 Dose — Response B % > HE LM IMER AR Uk, £0O%E8~1 38A
THHBEREAULLAVCRED, bl 1 3HEED L6 B0l NHE BRI IE LT,

Y
+Effect

-Ef fect

Exposure time

B0 NO» REEKC & BIEEE S0 BHE(ICET 5270
A EBENO, ; B, P NO, ; C, {EBENO,

*

&k

Flg 10

1,2,3,4,10,11,12, 3& 14 - REOELRESR — %%%ﬁﬁ

DO T B B
5,6, 7, 8, 9 REDELREELE — PREGELED L0,

A model on the changes of lipid concentrations during the
time of nitrogen dioxide exposure
A, high concentration; B, middle concentration; C, low
concentration.
* 1,2,3.4,10, 11,12, 13, 14 - - - The regular changes on
the dose-response relationship by the exposure of three
doses~nitrogen dioxide
#% 5,6, 7, &8 9 - The irregular changes on the dose-
response relationship by the prosc of three doses-
nitrogen dioxide.
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COLINBRICT SRS HHROBREIERIR S H—NICERT 5 LOTETH 5,
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LoXIAEOLRNS NO; BBICK - THKQRERMIGD THELEBUELERT
bOTHBLENTRINE ERLDFBLTHLLREROV SOORMEH—HICERT 3
CEMEREELD NO: BROLKEBEFRT 2 LCHEMRREB5C &AHk L,

M7 g AR B e A 7S H DB A, EHOBREBDICE U THFE TGH b s e Y BEH
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Fig. 1 The changes of LDH activity in serum of rats exposed to NO,
¢;0.4ppm, o©o; L.6ppm, 4; 6.4ppm
Same expressions were used in Fig. 2 ~ 6.
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Fig. 2 The changes of Aldolase activity in serum of rats exposed to NO,
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Fig. 3 The changes of GOT activity in serum of rats
exposed to NO,
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Fig. 4 The changes of GPT activity in serum of rats
exposed to NO,
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Fig. 6 The changes of Blood Urea Nitrogen (BUN)
cortents in serum of rats exposed to NO,
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2. TEHLBEZEOHBEIUEREOBERAICHIZTE
' BIEH B BINELT

LOERIZED (ZEHAEROMBEMOIER TS LITTES | ChBTEAKERINI,
EORFRREAE | ~6107 Uiz FBRBILZATa—0, FIZ V&Y ¥ (TG ), J vIKE
EHIC ] HERERICOS L6 m B & 64 m BTHEREHMET bfms%éﬁh@ﬁﬂﬂ#mié
CEBALBIDS ot WROBE, RIVATO—ARSBEAOTNTORIIC0.4 m Hba
HTHBENEMERLL, TGR 04 m , 6.4 @ BLTTORBRBTHELSENERL
74216 mu B3 IAHUATRRE(AERNEERENb T, Y YRECHESE 188D 1.6
e LA RS (EARBEONE L ot BEOKRE, NO;, BEIFIDLBFORERBICK
ERNEEBLIRIL, BEILRATFo -t TG TEOEENED -7,

&1l NO BEIKLAFBIHRIvATo—nBOZE/L
ffﬁi‘i;“ziﬁi SD‘C';T'\-L’f\:o §2~6 4)@'.:5

Table 1. The changes of total cholesterol contents in
liver of rats exposed to NO,
The values were expressed as mean +5SD
Same expressions were used in Table 2 ~ Table 6

1 wk 2 wk 8wk 13 wk

Control 162¢283) 11535 136234 20343
Od4ppm 15112  119+05 14212  18.7+12
1.6 ppm  17.5%1.6%*% 150+1.6 14735  185%1.3
G4ppm  173£]12%% 144425 136234 18420

a) mgfg protein, **: p<0.01

#£2 NO,BBRLABEIRILAF o —LBROZE/L

Table 2. The changes of total cholesterol contents in
kidney of rats exposed to NO,

ll wk 2wk 4 wk 8 wk 13wk

Control  17.8+1.08) 242+03  162+1.7 290£12  246%25
O4ppm  165+4.1* 239+07  184+08% 293+14  259t0.6
1.6ppm  212%1.5%% 272+].0%%% [9.6:0.6%* 285+1.7  29.61]1.7%*
GAppm  206£1.1%* 26.6:1.1%% 18322  27.6:09  28.1%19*

a) mg/g protein, *: p <0.05, **: p<0.01, ***: p<0.001
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Table 3. The changes of triglyceride contents in
liver of rats exposed to NO,

1 wk 2wk 4 wk 8wk 13 wk
Control  913+48a) 88.7+79 152412 13320 193+10
O4ppm  96.0:38  932+2] 1579 13510 19049
1.6 ppm  115.7249%%* 82 843 1) 142+10 10749% 1969
64 ppm  126.9+9.7%+= 88 012 6 15848 115+5% 200£10

. a) mgfg protein, *: p<{0.05 #***: p<0.001

#F4 NO,BERIZEBID L) Z7U+) F(TG)ROEL

Table 4. The changes of triglyceride contents in kidney
of rats exposed to NO,

1wk 4 wk 8 wk 13 wk

Control 164+113a) 16217 171234 222+49
0.4 ppm 184£8% 220£3%%%  240£]9%kx 3D4] ] **
1.6ppm  23016%** 121342 . 218%33 203+37
6.4 ppm  235%14%%% 195:23%  27248%%*  3]0124%%

a) mgfg protein, *: p<0.05, **: p<0.01, ***: p <0001

#5 NO,BEBC Lt ) “IEEEOTIL

Table 5. The changes of phospholipid contents in
liver of rats exposed to NO,

1wk 2 wk 4 wk 8 wk 13wk
Control 24410 a) 25227 22747 22816 303+13
0.4 ppm 2439 25627 22447 23219 31625
1.6 ppm  286%4%*% 25339 21949 23612 30549
64 ppm  286t11*** 25424 219+5 23547 31611

a) mg/g protein, *¥%*: p < 0.001
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Table 6. The changes of phospholipid contents in
kidney of rats exposed to NO,

1 wk 2wk 4 wk 8 wk 13wk
Control 213519 3 23626 20114 206+11 233+11
0.4 ppm 209426 23614 21248 202110 24614
1.6 ppm 256x£12%*% 23526 19845 1957 23619
6.4 ppm 221%25 22616 194+53 1998 2443

a) mgfg protein, **: p <001

3 NO: BBF ¢ vN~BEDH
RS WA %

AL D [ZEBLEROMS L UHEMBRD Peroxidative Metabolic Pathway ~O &%,
(CBtERONES SUMOKERSICRETEE ] BIUBED1 £ 20 NO: BBERCS
BEHARRBT + ¥ —OERAEDPORE, B, BRERSIEF » N —mEERETRT
R L, NO2 RIS ENO: REROREEMAEH T ICR L 1o

£7 EiFes ASC, ASGRERT -« v —EEER

Table 7. The conditions of the chambers during NO; exposure

Name of  NOQ,  Temperature Humidity Air changes Air flow

Chamber*  (ppm) 0 (%) (times/hr)  (em/sec)
ASC Control | 25015 5512 39 11
ASG-I 04 25.011_.5 551§ 63 1.8
ASG-2 16 25015 SStE; 68 1.9
ASG3 64 250515 sseg 58 1.6

* Capacities of all chambers were 2,325 m’ and the flat
squares were 2,325 m*.
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Fig. 7 Alteration of NO, concentration

a)
b)
£)
d)
A)
B)
0)
D)

E)

* NQ; concentration dropped slowly from 1.6 ppm to 1.0 ppm.

NO, congentration raised slowly from 1.6 ppm to 2.4 ppm.

NQ; concentration raised slowly from 0.4 ppm to 0.55 ppm.

NO, gas-flow stopped and it’s concentration dropped to 0 ppm.

The rats exposed to NO, for one week were holed in chamber within
this period.

The rats exposed to NO, for four weeks were holed in chamber within
this period.

The rats exposed to NO, for two weeks were holed in chamber within
this period. :

The rats exposed to NQ, for eight weeks were holed in chamber within
this period.

The tats exposed to NO, for thirteen weeks were holed in chamber within
this period,

mark shows rats chamber-in.

mark shows rats chamber-out,
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" Abstract

.Male Wistar rats were exposed to NO, at the-concentration of 4.0
ppm for 10 days and 10 ppm for 7 days. Red blood cell membranes were
prepared from red blood cells of rats exposed to NO, . Remarkable changes
were not found in the content of both phospholipids and cholesterol of
red blood cell membranes during the time of exposure. On the other hand,
protein content decreased with the time of exposure. Moreover, changes of
protein composition were observed by employing SDS-gel electrophoreses
when rats were exposed to 10 ppm NO, . Although the amount of phospho-
lipids did not alter, exposure of NO, above 10 ppm resulted in-a marked
increase in the conients of both lysophosphatidylethanolamine and un-
saturated fatty acids by 24 hours. During the prolonged exposure of 4.0
ppm NQO, a similar increase was detected, while a rapid decrease in hexose
content was determined using the fraction of non-acidic glycolipids.
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Fig. 1 Effects of 10 ppm-NO, exposure on compo-
nents of red blood cell membranes
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red cell membrane proteins

(A); Control, (B); 10 ppm NO, for 7 days.
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Fig. 3 Changes in content of lysophosphatidyl-
ethanolamine (LPE) during exposure of NO,
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Fig. 5 Changes in content of lysophosphatidyl-
ethanolamine during exposure of 4.0 ppm NO,
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Fig, 6 Changes in content of phosphatidylethanolamine
during exposure of 10 ppm NO,
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* during exposure of 4.0 ppm NO,
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Fig. 10 Changes in content of unsaturated fatty
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Abstract :

Thin-layer chromatograms on HPTLC silica-gel plates of phospholipids
were used for determination of phospholipid composition. Using a scanning
densitometer, linear calibration curves was obtained for phospholipids, in
addition to aminophospholipids, which can be employed for a rapid and
simple quantitation of sample spots. A satisfactory application of the
method to the determination of phospholipid composition of red blood cell
membrane of rats is described.
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acid ( PA) + Lysophosphatidylcholine { LPC ) ) @5 DDAR y FOMRERD B T LHITH
B L, SPHO Y- sERTE 107 OREEHBHG THEAERD 2, TN SPH ORER
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=Ye FY YEEEEELL7L—tOrav b 75867 I/ KE8HY VIRETH BPE, PS
EBELULPE O ERD A CEBT 2L, G 2D20HRD o=+ 537 4 —0PE, PC,
SPH, PI, PS, LPE #£0 ( PA+LPC) ® T >0 OMB AR,

EREEBE

. MEsra=F774—
AECBOTRAVABEB /o= 57 -7 L— VEEREERS A HPTLC 7 L — b THB,
HPTLC L —ti3 v Y A5 w6 0 OB—HRFE2 -EQOR S I—F + ¥J Lizb DT, HRD
-%Efﬁvrf§74~m99ﬁ¥wm<6&.&bfﬁ%#¢3<,b0ﬁ—ﬁﬁﬁmvuwf
WERVTVES, Inbor iy YIRERSHOSRICT S, $4, Frotr—2—REL
THTCNTVBEREL T B, LOT V= FERANT T v PORMERRD Y ¥ IF & BB D
ALBOEBAECREB LA LitR L, Hdd RBC #85» FFRMEKBED Y VI5E TH 5,
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RERE, e Py rEEK

Fig.1 Thinlayer chromatograms of phospholipids

RBC: Phospholipids of red blood cell membrance of rat.

(A): Developing solvent; chloroformmethanol-28% ammonia
water-water (28:10:1:1). ’
Spraying reagent; the diluted dittmer reagent.

(B):  Developing solvent; chloroformmethanol-acetic acid-water
(75:25:8:4).

Spraying reagent;the ninhydrin reagent.

PI: Phosphatidlylinositol,

LPC: Lysophosphatidylcholine,

PE: Phosphatidylethanclamine,

LPE: Lysophosphatidylethanolamine,

PA: Phosphatidic acid,

PC: Phosphatidylcholine,

PS: Phosphatidylserine.

1)

Dittmer ZEMNAVSNTVEH, FL—bEFY Y A -2 —KhFTALy FOEBRERE
L3 &ET 2B 7V — FHDittmer RBO DR AERICHE - THEBRERE T 52 &6T
#94, £C T, Dittmer RRZBRBHIHFRLTY VIEEORBOES LS vV~ OB LD
BE A~ AELE BV TRALEORR Dittmer HEHROBOBRESLHT EERE L1,
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2. FUYbA—-F-CEEERE
Hix OREE S U dipalmitoyl PE, dipalmitoyl PC B LUEBBHEL RSB LY v
BEEFL— ALy b L, BERARK, 7YVt —F—%2ROTERLy FOBRREERD
teo AR POBKFERF Y+ 5720 —7EBRE-TEDTE, )V VEETOD ) voR
BEEr— BRI OMRESBEFENED SN, £2T0S ) o) YIREDO Y ¥HE CBEOEHSE
BFYY b 560—7BBLACTH -7, UL, SPHOHKBAR, 7)€Y YEEDT 0
BOC— I ERTH 12, CHOT LD, SPHOY—7ERIK 10/7T DFERABI T, SPHO Y
VEE%JUtDUVﬁE®UVﬁﬁﬁﬁﬁ?%%%ﬁaéoVUtnUVﬁﬁmﬁﬁwu?Kﬁ
HLTA424~63.6n¢ OBTRS Yoy YIEHEBE L -7 EREOMICERBEGENS 2,
SPHOBACI ) VEEICHE LT 42 d~8 4 8n% O™ SPH i & Cmy B L ORI ER
BEENEL LR G, MEELEHERKD dipalmitoyl PEOT I/ EZ e FY YEETRERE
LRI AL DR, T, BPRBELOBBMLALPE, PS, LPESOT I/ EEF Y YIRE:

28

Peak weight { mg )

$PH

0 1 1 r
a 50 100 150 200

. . l— ) ng af }ipid-P
0 1.0 2.0 10 4.0
Mg af dipalmitoyl PC

M2 VYEEBEEF YUY /540 BERBLOEG
BEHEE  HR Dittmer X3

Fig. 2 Relation between the concentration of phospholipids and the peak
weight of the densitogram spraying reagent; the diluted dittmer reagent
PC: Phosphatidylcholine,
SPH: Sphingomyeline
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E~sE8EDBF
BERE; = e FY) vRE

Fig. 3 Relation between the concentration of dipalmitoyl phosphatidy-

lethanolamine and the peak weight of the densitogram Spraying
reagent: Ninhydrin.

A 1ig4 T dipalmitoyl PE EEUBETHNE, RLEe—2ERAR L. TI/EEHY
VIREBENY YICME L T449~1347n7 OMichsBicidT i 2 EaF ) VINERE &
E— s EREOMIERBERNS /o RAOMRULFETUE LA 7 » MRORE Y VIEED
FUy b ARRART, COFYY M 7ABLRELES v FMRORED Y v igEHARK &
merB@ﬁ&ﬂﬁﬂﬁbtuyﬁﬁﬂ&&®%ﬁ%ﬁlK%btoﬁlmﬁbtxﬁw20®f
ETRHELAEY YIEEERIEN TL—H LT, Z20LERF Yy 2 -2 —-FRAVAEE

7y FRIERE Y VEEMERRED DO HRFR LB L EARLIEODENL B, 1,
L oORER Nelson” DR LI 5 v FRMEE Y VIEO#E (PE © 2 L5%, PC; 47.5%,
SPH; 128%, PI ;' 35%, PS ; 108%, (PA+LPC); 38%) &L —HLTV,

) IR A T B A IR AT A% QREME s 0= 1757 5 — — HESR—
)Y DEREVHSFEICC b, RaOBERLLHELRESERTHEC L, BRCTEDTLE,
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Detector response

(R}

PS+PI+LPE

(8

PE

PS

Detector response

SPH

0.4

0.2 3.3 0.4 Q.5 a

0.8

LPE
I L L L § =
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@4 HPTLC Fu— btk v bARMEB Y VIRED 7Y b 75 4

(A BUME foofvh — 48/ — — 28%TvE=TAR—K(28:10:1:1)
REAE ; FHF Dittmer K
BRI Soohovs — AR/~ —KeBg — K (75:25:8:4)
RERE; = ve P VRE

{B)

Fig.4

Densitograms of phospholipids of red blood cell membrane of rats

on HPTLC plates

(A):  Developing solvent; chloroformmethanol-28% ammonia
water-water(28:10:1:1).
Spraying reagent; the diluted dittmer reagent.

(B):  Developing solvent; chloroformmethanol-acetic acid-water
(75.25:8:4).
Spraying reagent; the ninhydrin reagent.

PE:  Phosphatidylethanolamine,

PC:  Phosphatidylcholine,

SPH: Sphingomyeline,

LPE: Lysophosphatidylethanolamine,

PL: Phosphatidylinositol,

PS: Phosphatidylserine, .

PA:  Phosphatidic acid,

LPC: Lysophosphatidylcholine.
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#1 7o PFROEKED Y ~IFEAER
SD; RitREZ

Table 1. Phospholipid composition of red blood
cell membrane of rats

By the method of
By Densitometry Rouser ef al.

(%) SD* )
Phosphatidylethanolamine 21710 22.57
-‘Phosphatidylcholine - 535%10 5159
Sphingomyeline 8004 8.39
Phosphatidylinositol 4504 595
. Phosphatidylserine 10407 9.15
Lysophosphatidylethanolamine 09+0.2 1.21
Phosphatidic acid and 1.0+0.1 1.15

Lysophosphatidylcholine

*: SD; Standard deviation (N=6)
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A 2EFERFREYS 8% (R-8-79)
Research Report from the National Institute for Environmental Studies No.8,1979,

v FOMB7TAVHFAL LT —lB5LEFT
“RILEROTE
Effect of Nitrogen Dioxide on Isoenzyme Profiles
of Rat Serum

L]

- aa u' meE - S e’

Takamichi ICHINOSE', Akira SUZUKI', Kunimitsu KAYA'
and Takashi MIURA!

E B

NO, BEOHEBLEHNDLHIL, NO, 2BH LT v FOMBFTA VHFA ¥z —v
DthET 70 5, 10ELF20mMNO, 2 4KMARBE LA » POAFTIIIE
TAnVER2T77F—R(ALP ), [®ZLT7F vhR25h43—2(CPK) B8k
CIRE I RARBKEER (LDH ) OEBIED SN, #ic, 18 ALPO#t
NO, ZBREBECEAFEL, 1 0mLlEtd NO, BECTHRIECH LTERCHENLEL, &5
2, 40mNO, ¥ TEMBF LERIMNALP23EE%T, IRCPKIRSABET
OFEAFCHEN LY, CAGWRARE 4 THE LS RBCHRARH LTHENEET L,
TAVHFA LG —VORRILE >TNO, RRORELZIMBLRFAT 2 0l%

LipHEiwil, REBED T v \~®¥E%5_J?"‘t&ﬂ§|6}®?4 VA Ly =R, ]

zg ALP 35X UF I B CPK Ok LB I DV THRES Lz,

Abstract
" In order to reveal the effect of NO, exposure on experimental ani-
mals, isoenzyme profiles were examined using fresh sera of Wistar male rats.
When rats were exposed to NO; at the concentration of 5, 10 and 20 ppm
for 24 hours, changes were found in Type Il alkaline phosphatase (ALP),
Type I creatine phosphokinase (CPK), and Type If and 111 lactic dehydro-
genases (LDH) of sera. The increase in activity of Type II ALP was depend-

L BEuAEges BEARE T300-21 H505%Ss M
The National Institute for Environmental Studies, Basic Medical Sciences Division, P.O.
Yatabe, Ibaraki, 300-21,
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ent on the exposure concentration of NO,. Upon prolonged exposure of
NO, at the concentration of 4.0 ppm, activities of Type I ALP and Type |
CPK increased three and five days after the onset of NO, exposure, respec-
tively. Isoenzyme profiles of various tissues in rats were also examined to
identify the tissue which caused increases in iscenzyme components of
serum. It seems possible that an increase in Type IT ALP was due to any
deteriorative process in liver, lung or heart. '

(= Y]t
NO; BB L2 ERBBICETAHEIREREINTHEY, OS5 RH—ENEETH
BEMBACETEL0THE . —F, FERERH LEKNICE D L 2N NOp RAWEE S

2! 3)

LTRAREE SN EBBEINTVLEY Y o sBMEPiceEh cEhi NO; HiEE
BREBRT SBETE ORBE L EMEHN SERMEOLBERIZTTHEETE LT 5,
NO; DEKBEARANICRIIT 5 20iCE, FEOREORILL L b KESOR SREORR
A5 CEHBETHS 3,

BKAICEES SBRICABBCHRNIT A v 4 AOKETH L LHBE COMBIT
HHLNTETHD, BETREREELEHRCEToERsARLLTH2™Y b rog
AREMERTA V¥ L 2 5RET L LRFEREOBRBRANINZ0AL LT, EHOEELE
Bt MEOBRSSZREAMLE L - T By £CT, 3y MC NO» 28 LAWHDOT 4 v
A L —YRHETHLEELE ST, NO ORBIEEORT T 0RFEL - LBEOBREL

fTHc xRS,

B E

1. REBRHF

Wistar — JCLOHES » P (8 ~1 4SS %220+ L0MW, 10+05Mukr5+03
WD NO, T2 4 BMBE, $/1240£008 wo NOp TT7HAMERER Ui, HEROD
5y bPENO BEF ¢V —LEBOF ¢y v T 4 L8 5B U FHERCREE L1

2. mBOHEK , '

NO, BELA7 v POHERASMEFMELB00X? 10 HHOBLETVEFEMEEL
TEBICHER L.

3, BHRTREEsORE )

FMRIES » P OHBRLS ~ Y YEETTRMULBG0XF 1 0EORBLTHED I, HFill
BRid 3E 5 BEOEREEKTHM L. K b G, R ME BEEOMEB LML DE
BAKAKEER U THBE LRI LAR &L, ChofiREXURERBI2HAD10mM
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P A-EBEEER (pHTA Y EMAEY) FO Y FESFAF—CRET I 0OMHBHEIF4 XL
105000 x ¢ 6 0MOHELET 1o CORLEFEFESESELTHY, BHELTA VY
4 LDBTCHR Lo

4, TAVHFASL AOHR

ML L CERETAERES 03~00p b2 FOBERBABEHEECR LA D -2 T 5 —
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B2 TRAFYBEIOOTD M) A =N —ni@EE (pHB88 )P T180V, 5mA.“n
60RBLUL 20Tt FUVTFVEAFAAZ—RAIZ, A4 HE 0028 OF UBHE
HTE350V102RKBER st BRKBET LA VERRT » 7~ 2D EHS B3 Fritsche
B I LT » o LRBAEFER Wilkinson OFU LY, 7T F vk ka4
% — %% Hannie and Konttinen @ A2’ (€ & » TIEHREAET - 10y EEBEET >4 0
— AT EF— MEZEEHR~VFHH TV b A& —( Helena Lab., Beaumont , Texas ) €
SDETA VL LEAORESER D, BESOHGR Y- 200 IBREAETE L
Lk TRH I,
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1. NORBRRELMHBETA VAL

NO BREELMETAVFA L8 — YOEBHEOBHEERD B DI, 5, 1065LT20
MAHNQOs 2 Wistar v MCRELA, REER2IBHBCHSREVEMLULEERR L1,
AHAEbLCABE Ao —AT T — PRCEA L4 ETHEIKSETC, TRz 7
7—A(ALP), 7 V7 F vH A+ N4 4 ~R (CPKIBLUAMBEKFEE% (LDH) OfE#EgA
T ofe REES v POABTA VA 2092 — VAR LR L, [F ALP i, b ik
THIRES EBAKRBT2IRRDED SR -THD, CPKRIRESEMTHRFEL SN -T
Wi, Ete, LDHIE L, I, B, IV, 3XUVERSIDL-TED, VERISLEROK 273
ThHO T, H2ICTRALP OJ%IJ_.%& NO, BB L OBEFEER L, NO; BEREBEX 5 .
10, 20MELERESRBCONT, IEENOHARMBO284%053 1L5%, 40.8%,
634%L, NO, BEBFIEELTHEML:. [BRSOEHAI M ICHL T 5 MNO, #E
THREBNESEDONE P sAB1 0LV 20mTRBEIENLL. —F IBCPKD
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VRSO NO, RREABKLIZESHER L. NO; BER L - TIANSOHERE VERSOR
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Lactic Alkaline
’ dehydragenase phosphatase
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Bl o MOEFQCTA A LNEF—

Fig. 1 Isoenzyme profiles' of rat serum

60 -

40

Ratio of typell ALP ( % )
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NU2 ppm

B2 NO::BECIBTAAYVERRT » F-RILELITESE

Fig. 2 Effect of NO, exposure gn type Il alkaline
phosphatase. Wistar rats (6 heads) were
exposed to either 5, 10 or 20 ppm NO, for
24 hours :
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Fig. 3

Ratio of each type ( %)

Effect of NO, exposure on type | creatine
phosphokinase. Wistar rats (6 heads) were
exposed to either 5, 10 or 20 ppm NO, for
24 hours
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Fig. 4 Effect of NO, exposure on lactic dehydro-

genase isoenzymes. Wistar rats (6 heads) were
exposed to either 5, 10 or 20 ppm NO, for
24 hours.
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Fig. 5 Effect of 4 ppm NO, exposure on type Il

alkaline phosphatase
® ., —— : NO; exposed,O,~----: Control.
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Fig. 6 Effect of 4 ppm NO, exposure on type |
creatine phosphokinase
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Fig. 7 Effect of 4 ppm NO, exposure on lactic

dehydrogenase isoenzymes
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Fig. 8 Isoenzyme profiles of alkaline phosphatase
in rat tissues
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Fig. 9 Isoenzyme profiles of creatine phosphokinase
in rat tissues
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Abstract

The estrual cycle of rats were observed for about 50 days under the
continuous exposure of NO, at the concentrations of 0.04, 0.4 and 4.0
ppm. In the beginning of exposure, a few animals showed the duration of
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the diestrus stage, and the frequency of the estrual cycle tended to de-
crease. These animals, however, showed a normal estrual cycle as they
seemed to adapt to the environmental condition in the chamber, From
these results, it seems probable that the continuous exposure of low con-
centration” of. NO, gives some effects on the estrual cycle of rats. However,
the irregularities of estrual cycle in the beginning of NO, exposure might
be-also causéd by the combined effects of environmental factors other than
the direct effect of NO; on the réproductive function of rats.
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