370

Y. Okada er al.

expressions in the mice olfactory bulb following nanoparticle
exposure. Toxicol. Appl. Pharmacol., 226, 192-198.

Tin Tin Win, S., Yamamoto, S., Ahmed, S., Kakeyama, M.,
Kobayashi, T. and Fujimaki, H. (2006): Brain cytokine and
chemokine mRNA expression in mice induced by intranasal
instillation with ultrafine carbon black. Toxicol. Lett., 163, 153-
160,

Weiss., J.M., Goodman, P.A., Losito, B.G.. Corrigan. S., Charry,
J.M. and Bailey, W.H. (1981): Behavioral depression produced
by an uncontrollable stressor: relationship to norepinephrine,
dopamine, and serotonin levels in various regions of rat brain.
Brain Res. Rev., 3, 167-205.

Xia, T.. Kovochich, M., Liong, M., Madler, L., Gilbert, B., Shi,
H., Yeh, J.1., Zink, J.I. and Nel, A.E. (2008): Comparison of the
mechanism of toxicity of zinc oxide and cerium oxide nanopar-
ticles based on dissolution and oxidative stress properties. ACS
Nano, 2, 2121-2134.

Xia, Y., Cheng, S., He, J., Liu, X., Tang. Y., Yuan, H., He, L., Lu,

Vol. 38 No. 3

T., Tu, B. and Wang, Y. (2011): Effects of subchronic exposure
to benzo[ajpyrene (B[a]P) on learning and memory, and neuro-
transmitters in male Sprague-Dawley rat. Neurotoxicology, 32,
[88-198.

Xiao, L. and Becker, J.B. (1994): Quantitative microdialysis deter-
mination of extracellular striatal dopamine concentration in
male and female rats: effects of estrous cycle and gonadectomy.
Neurosci, Lett., 180, 155-158.

Yang, H., Liu, C., Yang, D., Zhang, H. and Xi, Z. (2009): Com-
parative study of cytotoxicity, oxidative stress and genotoxicity
induced by four typical nanomaterials: the role of particle size,
shape and composition. J. Appl. Toxicol., 29, 69-78.

Zhu, X., Zhu, L., Duan, Z., Qi, R., Li, Y. and Lang, Y. (2008):
Comparative toxicity of several metal oxide nanoparticle aque-
ous suspensions to Zebrafish (Danio rerio) early developmen-
tal stage. J. Environ. Sci. Health A Tox. Hazard Subst. Environ.
Eng., 43, 278-284.




FUBHIC
KR OHEEES T L Ol 275 2
EiE, DAEZTTRL, EROERICE
f@ﬂﬁﬂﬁ?fo%¥i KA
Birp DAL E R F /BT o w2
WMA~]bémf T & R YA o il
RFLLROOHFEE L EmOES £S5
7;‘ DEL. TAOHEZFS | 72121,
Berh oW OFIEO TR A H = A L% W]
ST AEWEER L LI, Fo%T
— ¥R RTHEHTA2ETCOTOERICMD
HIENEETHLEHEHIEZTVET,
FITHH I mkf#kwlﬂiUV4¢47
TATT AT A) BUWEH LY - Sk
gt L. TORRE S THRMWIIGFGH T2
ODYAZ - a3 — g rOlif%E
%, REEIEEEL O OTIRA I e G - g
ROBRES IR AU R 2T e Ml &~ & — 2 )L
HELTHERLTVWET

RIRERA
- RRESIEER)
. 7K
i ¢4
R
- B E
- EES EYH
- BEERE

1 ADRECEDLD [BE]

14

AR TR ZDMENED—dizi L £
To

HERDRE SRR DOFEL DR
F &Y ofEheE ﬂ&fbki,%iﬂt?
L OGRS EETHLIIEIEES £

THHH EFHA. —FHT. BOETNE f%%) F
ELOMMECTEETH S I L HRALS
FMBEOTIEBWTL &9, WA, Tk
DR AR W O IR A BIZ L C
LI &id, L<MenTH5DTLEDS
Tz, IREMORERO L 512 Bl
Z o PO T EO ISR LR K
ZL72Plbd Y 7. HEOHEHTES L.
IHRAMEHS 5 2 L OTE R VIEEGR
CHAELET. TELDIEITIL, FOTH
1 EN DO DA B EMR [HBE
HNETHEELDOTY,

ey S IR O BEE & KA O e & o
PR Z SN L B2, AL DR ¢
OB LR EZ/RL, #HECEPL Ty
CZEFABLTVEST, T2THD T8
Bil iy, K ORG (B40) Rbsgs
FLRLONGENRFETA. BB ZFOPTHEE
W, KARBZHEENLTVEYT (B1).
FAUE, A& O BEAEW R R L AT
LI, “HoTER JELoWERLNT
HHEEALMETT . KA ET K
EFTLARMISHRE W XS (S S‘Zaf-&’)
2, KAUEREE L e e OBIR A ST L
WS BRI RE T,

MR g7+ —F 40 20136)



BT, KEPIZARE L AT 5 e &
BAZT oL LT, AaEh [hT] »dbz
E THEIITL &) e 20130 LW
[PM25] 28% A IWZRE LY LiFsh
ZOEEATWATbZvERVEY, 2o
PM2.5 (&, K& ORUNRF- IR 8 2 ik L
F 9, KEPFORFIELIHT 2 5 SPM (R
TR+ suspended particulate matter) & I
W, S ATE R D o L LTIEAYA b I
TEFE L/, SOSPMD ) B, I/ E0
LONPM2E L WENF T, FohT, A
f%ﬁﬁﬁ%‘i PM25DHTE 3 512/

BRLFAL, WA &b DR % 2 D
Jt.’ﬂ%k(;f:,& TRELDTHBEZ LERLT
EF L7z,

BEISAAET A TS/ E ki | 3k
Bro 20 ICBiTL, KELLEOTED
DARZE £ - T2 RIZ LS 2 L)W
SR 57D TYT e O [N S Bk
F1 PP SFIIRBITT A2 EE, RS
LoThaTLI, LIL, FOHROEN
RO L0, HEED B L 2009 7 A —
V(L ®5,000209 1) BT o g/
&, el b U CREBLO RN S IR
BATT&ELILARENTVE T, FRIIWE
A1 ~100F / A —F N (1mm® 177 ~100

HAO1) ORFEF T LIRS, 20
WEEAEBIAE I R T S WiE R LTw
9.

LorL, SORTFIIL 2RI ED

LI BRIBTHNLNIOWTIE, FEAWA
B CONPBUR T ORFZESEEL - iR
P OWEACENER L, WRICERTTZ o
WigE R HERE L, EMEBITTVET), O
JEDOWRTHER L, BN TR 2 KT 0w
ACHEZHSHPINIT L7202, NAF 4>
T AT A 7 ARG B A O & A

TEF L7 RIS, FEHDEES - i by &
T & %Olll/‘ T T EWEZ /AL
3,

B g7 4 =540 2013(6)

BURRICBIIDINAA A THIT«
O ZADiER

BB HODHEEWIET S L BHh=
ZETUEH Y T AL FEOFHEC TN L
DLDOTENDH D FTH, ENHEVTR
b, O~ EMINTELIBEE A,
%®;5~h&f &, FRTFOLHTED

il Gel) BN e hend
mkowa b, AR R LT L 9 TR
WHoLOTY, WHFEFINEIHIT D720
2 AR A BT BLL NV TR R
BHIEERGEMLTwET Jeid, A Rlag
RN I3V 2 MR- B % RIS R 5
NHLDIZ, w4707 bAwlniifsx
MEDHTEFE LA,

Lol 8% RS hidd
TOMEDPES B DITTED ) FEA
v fza7LAEfwbE, flzide b
A, Ty TR BRSO

— IR A ENTEET, LD
%,;mr FIXFEEROB D53 73T% {45

NLEZ LRV ET, COF— 72K TH
L7200, F EHICINDLEHRRETH
L1201 Feflbd CRTOLWNEHER D

Bl HYEHA, TITHRIX, ZOWRERET
— & LD DH BT & & TAARF
THRELTVRELD (k] 2HABD
o, WA F A 74<F4 7 AR LIN
HEDRGE T i '@’C% FL7

BRI E 5, @fE5F (-oodmiiic
S5 2)iMiiGsH N ) OET ST S

HEIC L Y BEFESHLE S, KRIZEDD
RS, HDHLOOFBIL Y EHRD
BALL7imT25 0L LRELRHO D
Do TR EY S L ET. Ul
£0, 1) H2500HHUENRED LD RIEE
Epobokon 2) aptkelikd s LT
RS TS E N RO L MIT S
TEMNTELOTY (W2),

FAo Bl st L7 /iy i (2 388l 7 — v o

~

15



EETF R (@) s AL

7 0%
Tk, BN EORTED MEFOE

AT S I TR SR % &5

® ) TAoO7LLENBEng LSRG
® 96, q GETREF-4
@ ® @@ g Prefromal cortexs, %%mbt
® \‘iroma lobe) .# -
@ @Q BT, RAEH
@
% 9 AL B e
© @ @@ 2] e a2,
) ® HENEE L0
TRERFICRASRRA/II Y smmrcnL cmmcEgy : AR,
- ShBEMERTABMeSH) | ZBLERETOSER(CORTIEOND & | X
o o © | BRI BLENTEL. I N el
@™
o o .0 W K3 MeSH % AL BT RRBHOBROH) LOWT B0
gl [] L~ 7 AQETIZTEbF 8 v+ 7 fiFaith L i 5%{11/,¥0),}\f,
® ¥°‘ Jo° LEO. EFOR (HEETH ) 12805 %L - -
o\__% HETIHCH B 5 RO N, o0 b Ll LT
2 @ ~ﬁ =] : VJL—‘]\ qu.rm&i i%ld)ﬁ'ﬁ}ﬁ}\’yw}* (:ﬁ&'ﬂ:'f'y) KASITy j‘
© @ n Iy Y St s 3 I e ‘ n)&r}[:fbg..k_
+ 7 RO RS & D R BT &0

WhHI LR EE

?@%?ﬁggng%ﬁﬁ;ﬁ&ﬁ& NIQSH_‘ %E(L'CL‘ZDC %{fﬂL"Cb\‘iﬁi‘o
, NS SN A {in

X2 BENLEETRERT—4
OWBENBIROA X —2 T O YR8
B ET RO E, BROS e g
BN A B be s o oy O 2 B
RIITRR S EATE D, WO Hil
ST B TR OBIRT o 2 raw L
AL &9 LBy — (i Mr“fm{“
B RO EFRLTV A, LTHZ, D
[BEfE ] 0972 4

FEHRITEOMIE T, BRSO L il
E%@ﬁ“m METEDF— ¥ X— 2%
LDV DP, Fl, EDTF—FNRX—A%
FEIZH W5 TR o (Fl 2
W, KA SEFRBT— ¢ LR e
TAHLDIZ, YOL) Tl T L))

BERE) ELTELRCHY T, Th ZonWT, FhoJ e T 5 st
WCMA T, BB E-FosEEEe LT WHZE S EMTEFT L, SELHARML
FED IOV THILRELE L, AAERIC 7oF /R ORI e, H S AD

X, bEHEFMML LT LIHETHS
FEEEERE UG (MeSH, B4 - EWES
WoEMmLT — & X—A & LTH%% Pub-
Med & 2388 L T B R 37 [ 4= K # i NLM A%
BFHELCwWA 'Yf«H\ﬂf’U) T9, MeSH
DA O SR FE T DEZFOMED S
ﬁ4@v7+wﬁ%(ﬂxv;4)ﬁlw

WETAMET AL TCEET. — /T

MeSH (F#E05 2 dilak, FEBURTE & vy o 7215k
FMETICHSTAIENTEET, 20
MeSHDUEHIZ, F /M DEEOEEKT
AL EFTHURICKRELLIZEBE L (B
3)o FEHIBAE, OBEFRBMBITEIC
WREMR LIS, B - EYE5 8 O
e DE LR E W ERICO R
DHWZEHICH T INTFAZ L2 ATHE
K

16

N5 IR OREMFFNE»THEE b,
REMZE L OHLFAGEL ST E
Fo

FERIZ, F/RTIRRAEoflN b R
THEFOPIIEHEAEL TVWET, D7k
¥, F 7/ RT- DT — 5 13% < O NZHHRE
LTELWLOTY. LaL., W& Lo
WL WMo s s 2 B T RENESS T
HY, BCHOEYICHEWHDY AT O
WAEELAMICDOWTIE, AR A%
ZHoTLE) Lo ML ELARNY
HYFT HHFEEoMME L, AH%
HUET -5 2 HENLEY ) FHEHTE S L
T HLZHIT, YAY -3 4—T3
YOMEIZEPYMATHET,

IR, HFHEHYESE - i bt Ltk
BOLWTHH TE 2B LT,

B 7 4 —F 40 2013(6)



s - BREREORIICHADU R
-0 a5 -3 VR
DHPEOY A - aiazy—a ol
§9 204, 20114 3 H Sl 2 o 7o 0 FE AR 3
GE - R FE R sk, RIS HAEAL
LFE Lz £OHT, BEEARWEE D 5
(B B MO ER Y A7 a3 a2y
=Yg VIZHKLZZW]L ) AZICHD S
(LB i A 2615 LTl Lu & D YA H
Ll LI EENRYE L, — )
T, VAZOLHIHERPEENL DO
Mgt & & LR T g ORI ClE, AR
Tl R ) A7 WM AT R 2 AT B A 7R (SRS O
T2 2 WL TRV E WA L %
MF Lz, &2 CHRIRALENEE L. )
A7 A3 2= a YyOIEHRRIZTI DA
AT L1 5 Mo filils - 285 — ke, &
DUFFRELEFFZTEODLIEERATVET,
AL, U A7 NI AR S B R E
DT E vy TR, ) A7 OB
BELCED L) BB RERHE AT v
MEV o LHAENGER T E T,
FIORFO)AY - AIasr—ay
L, L THToH L METED ) £E A,
F 7 R OFFEWNFFEASED ST A 7§l
bitATELBAE, S/ RTEMEE Lz
B BT ofoREMT LS LT
BT E Wk E PLICERBELTWAEDT
To THAEREINL LY LRI, F kT
DY A ZIHT AR OWT b Tk
it SNHUENHLEEZLNTET,
HELRS, F/MBEOY A ERSTEHEEC
FACE R B v &, BT OFRTR
WENTE ) A7 ZMET & L WiTREEDE
ALNBIOTYT, 2F0, ) A7 BEKIC
ZFIEO LN TINEEMT 5 DI5EK L
TR AHEGbILE T kR, w2 AT HNEN
WZITIEO SN, HEREHE LEL5ET
DORFIEAIL S I WRND D 5 DT,
FHSWEWAE, VA -3 bh—T3

UK BSR4+ —F 40 2013(6)

ORI E WK [y — I B
L. et Mg A9 ) A
T ONREZEASLEEDTI 22 r—Ya s
Tl B2 B EWR LI nEEZTHE
T B EEEE, HAWHO) Ay 2 FTY
BHEIALOD ) A 7 YR L ORED I E § 5
ZEE EOL)BYEICHHC) A PEL
HDME V) UEE D) FOWERAS, ) A
7 DB THREL DT RWhEER
TWET,

Y FEEROSTSHEDIRRICAIFT
KRG TIE, AU HLA T E LD D
b, SN F AT AT A7 ARG LCH
AL (I 2 ki oagtk) Fge s, &2
PHELN B AR EAITH AR BT
HOYAY - A3z —a O E
U FE Lize SE8IM0E:, AN, Wil g gt
WL L dEEEIC o 2 LIS, #LEITI0
HaEhsZ &S NDHAMNE L EAT
ENLERTHD D FTo AN BIFNED
578 R g N i/ N DG AR el = il B a0 1
RO, M2, BERISH e S
MREELIFED LD RIEHRT— & DL E
O FTOHOHTE, WELIWGETE
DLWk L T L THED A T ENT
EF9, FHRIEFNEELILEDS I LT,
gEe BRI OB Th b T,
RHACD I ZHFG TED L DITRIE ST

WS ZERRIELTWALEIATT,

B

NAXA T AT 47 AR L sEL, A
B I O I o TSR LY, $4o
KEFRED M2 W& R LE L, R - i
WIS DRBIIBA AT AY »aianh—=Yard
WF7ecid, RRBRZEH & LT asi sl CHLRR B R
g B O Tk AR RS A & TSR A A
Gelks) OEKELZIMIEwKEEE Ll &
HT, —lORTEBRITFICH I ) KEOE L DKET
BLOKRSERAEOTHIIEHY LT Ll R L
rrES,

17



pishs J”H)\ % a‘iﬁ’fﬂ}f

FU®IC

I’ b3 EETEL PR EEEFRWEI
“§ SNTVET, KEEHPHATEAZL &
ElwotRETREIND L HIC, bl

Lo THERLFWHIZREINE I DY
F9, BEIPoLFEWHEIZ L - T "&Li’a"f‘;'ﬁ\

MR N B I B AR R L
I% Bz k@ﬁﬁif%&?i%ksﬁ

R S/ ey G WY ) R 2/ R e e
$Lau# WEhH, B0 IIER
WEOUEFRZ L BB ZTRTVEERDS
N, FORRREBED B - BRI T2 2 S
TY .

AREEFRA W GEEERE - SIS0 BB Al e
FreEifgeditet > ¥ —Tld, RaBEh I
155 % 2 F F AW E ORI~ DR
A KM O T &L AEIC AT TE S
ﬁ%%m<fw®lwmif @ EeR (A

HIE L TWHEZR1T»> T Ed, b ol
TN—T T, RN T =LA 2%
%/w{&mofmw SREENDLTEICE S

HFNT L BTATREENE U A HEN: %
RLTET L7z, INSOEHERRN - T
T AHLWICE, EEREESE 00
EDLEHNTL6HEETELDNE Vo 72
A BRT HLUENH Y T,

e, ARURMATZ RN A S A8 (hASTERE 5
NTOREMNTHL T &L

IZEHL, E¥z%
?J’é-s?r' Iz ﬂ"-f}" 7 »x;z['ff\‘:ﬁf- Hi 2: ”‘@ﬂ? ffﬁl'iF&E’:i"‘t‘ftb: 14

thmk%‘zu\ P /Mm; 4 i

18

FEEHESNRT

W57 4{ 7 URNA EIFIEN S
ST L TF - TWATFSENE AL
Tk EunwEg,

BERDR L EEIEZFDREDD
st O, AARDIZ & im0
P *) WZDoWTALBEL LAcwERWwET,
HEWHR, T hRb bk IER T A720D
ﬁﬁuumm Y, MBI
‘5;7,!1 CwET. LSRN A5 - B+
HEE BT, BFEE BT oML
WWwagﬁ%th%#W&ﬁniﬁo
AL Z O FE T I DNA O O TEHUE A
ﬂL&mmc.M%*mmﬁg f?«a@
HEASE LR e o Tnad by Z &I
LD ET. 2F DKL EN S BT
X, B UERTRZRE > TR 2nbb
T, B F X R R e - MR
e T EVIBIRIRETHED
TF o ZOHDITEHEIRIOPD Sk
METEROP P S, YL T DRI
U B R RV DNAD 2 5 5 AN A W
Wik 9. T ORIRAPE KA E 125
oo ST BB LR YEHEN—DOTH A
EXAET. TOBREITIAHNZALD—
LT, T4 27 ORNALIFIEN LS R
FAEH SN TwES

N

o=

= ONE

+

(

,WJL

&)
e

42 O0RNADEZE
7 A 7 URNAGFI20~30E LB D 43
F-DRNATH D, 19932 aw Va N

ql‘}\ Ii‘] T F =T L 2013(6}



I CEDFAED WO TIER ENFE Lz, Z0
e, EAHOMNLCL <4 7 u RNADTEAE

HARN TN TV A Z EDER S T v
F. b FTEINE TITHL000M 8O~
A 7 U RNADAHAEA G STwE 9§,

<A 7 WRNAEL, F9HEHNTDNADS
WRNADOH L LTS Ed, £
D —{A Drosha. Dicer & FEIL 5 1§34 CTHI
WHUZ T Sz te, AT < 2 L AVR
ENTWEYT (®1). fEHE LT, ¥~
/<7ﬁf¢f>&@ﬁ%ﬂﬂWkJ*&RNA(mRN&
B ELTHBH, mRNAILHAET A &
T, FOmMRNAL M, £ EmRNAD S
DY ST REREWHLEST (K2). 2
Fh, v A4 7 aRNAFHUBA O ED & >~
SO OGRS B 2 L TR O B iE & 3
WPLTWHEFERAET, £72, —DDOTA Y
T RNADSBIL O mRNA Z EI9IC LT v A &
EVRHONII s TWETOT, ¥4 0
RNA Gt D LA ERIZ PAT T RHE R E »
ZENTHENES,

< 4 7 W RNA O — 25 52 DI 557 @ A
rﬁ” HLDLHDHDT, %4 DLEDTE
..... LR BEIE D PRI Y A e A YL L
fm%HMH4# b TwET, FERBIC
<~ A 7 U RNADGIKIZLEELEESE (Drosha,
Dicer) & b7z wve AL, JEdk 0);6’4’
WL, T LI ENgho T E
T IO R, RO R 747
ORNADLETH DL E W) Z 2 2 HHET 5
LOTY,

RIBEEMBE EERRE

5T, ERRBSHEIINC & 2 MRS
FELET.
Brbo7uY ey TR LT 5535

(L2 B — D KRGV DR IRIE A b
9. TNETORNIONITED, S, B
AR BRI S & o CTHE U B flEsE
BSEREARE STV ES, B2 RETIR

PEIC B 7 — T L0 2013(6)

¥ gﬁ@‘

e 7 A EIRNA

H1 #HBERTOYA7ORNADARK

A

E2 <4 7ARNAILESZ /N7 HEOBRM

W OWLANT & o TRAENERE % 52T 2 W0
TREELERLMBAPELR T B bLE
ALNTWET, /o, HEO/NE LR TIX
WA S4B LA SIS R > TR IR
LRTWOT, 72 Ted & EF 4l
CHEENETEEZLONTWETY
PRI X B L, RGP ORFIRWE O
ERE AT LI 2R R R B AG R O BET &
BICCHPEL b I LR, l!ﬁ"!‘ﬂ"{”;r‘\’\ﬁ;?ﬁs
MREBZ LGS THET, o H
DL iéi*i%%%*& #W%
W E P THEEL0F 2 A— VBT D
AW T A3 BT AR OB BCTER L ChifgE e
fToCTwnwET, TNETIZ, v7 ATV
FBF e, &&mumﬁ&waMﬁg <
G4 — BN AR T /BT O
‘a5 &, ﬁvﬁzkei XF R
BELAILEHELTEE LA, LML, 2
nbwmﬂﬁﬁﬁﬁﬁﬂL%m#&onﬂ

19



MEHY A 2 ARNAS

- AREOT A THRNAD | g, H88 - BINOBUERET B

BN ERR

i

S A I

®3 mi#h~v (7 ORNA AU A RBAEDE OEFH YT

AL - AN TE L A< 4 2 O RNAOELE . MiE Hu Tl

EHNMEMENELSNS,

ZALIOWTIE T FIEHF SN TwEE
Ao TNETI, BRELEWHEOBEHIZL -
TP E L LB T~ A 7 O RNADHISHE
RFAVEALDPEL A MG shTwE
S

ZDTENL, KFRWEHICE-TELS
BRI~ 4 7 ORNADSE S L TWwW AT
M EZONET, ko BY, <47
O RNA Dl fIEF & d D54 - %0 BRE
WCEETHILEEZZONTTOT, ZOHHE
REOEAUET ED DB KE L Wb T
WpEFREENET,

NFRAYMEDRELFICELUDT o0
RNA OZ{LE

Hg, IR B 5 2 BT OB
LFoTELDBTFELNOREE~Y A /O
RNADOZEALO Ml ZFREZ &L E L
7o RO 22 F /R & LA
Wi 68§ 2 FHmE TV E Lz %5
L7zt BT o< 4 7 o RNAOHIE
EHENARFE Uiz TORE, BF LBk
ELEHIIBVWTHY A ZJURNADEMNKE
CEALTHI LR L F L7z, #REGEWC
&, HEHDIRH & Mtk RRIFO M &L
%< A 7 URNAIZZED S 5 A REMEATHE 2 &
NFLA. ZOZERS, FURTRBED

20

W% T > THMMETE L 2 BN -T
CHEWH) T ENRTFRINET. JEHEIE
ftL7z<4 7 aRNAZS, 1L E TloHiy
NTELEKREBILEORBENSLTWS
» BEEHRETTCYET,

IRPICEFEETDVAIO0RNAZFIRAL
To AR EEETR

RIS L 2 BRI T 70010, w
PICEOREFROERL, T H0En
FTEBEELRRA Y P O—DIIR Y FT,

W, ¥4 7 URNADO K& 24 e L
T, Mot sz~ 4 7 TRNAN
MR 2EER L TWA I EAVRENE L7,
Ziid <A 2 0 RNAASHITE A A & Hf A4~
B ENTWAEOT, Rildhas<4 7
RNADOFEH & Sid M HE > TwaH &
BTN H 2 L sNTwET, ol &py
5, MMERCHNBICEEYH L EMFOA 7
O RNADRIFR mICEL LTS B L
BYEENFET,

FEHRIZ, ASARHEIRIG & v o 72BN T,
i < 4 7 0 RNA O FiJE e 124kt
HBUBZ EHREINTHET, O
D<A 7 BRNAW, & F SF REMHOH
BIRBIOOP I RIEELE LTERENT
WET, FBINT A2 THRENTRETT L

Bk Bl 7 4 — 5 40 2013(6)



<A 7 URNAERT-PCRIL & JH v THG L
THHT L 2 DNl iz, b3 hiRZAl
Pt @ﬁw\thJﬁﬁU&%%ﬁhncﬁs E3
7o L0912 RNA O 5§ B O 2L HLEE 52 1Y

l”

TSR > TBINT A T EAtTIE L
FF 0T, LALLM E UINCGER T

ELMHEMEAE RO THET,

SO L) BAENA S, S F S LB
NN 7 AN wa.mwmv47m
RNA# WD Z & CEDHEHINTE
@T&&w#t%x,Mﬂxﬁcawi¢
(®3).

INFECICEF EF LS S
TWAF A —E NN A IR % Mm
THET v L7c, SRR~ 2
TEAELRELATY 2RIV THRETH S
WL E L7 £ B s 2 0% A
% 720 LU B I Mg % % 17w, WETE AT
LS L A I o~ A4 7 T RNA EOFREE
HWEWAHT L 202~ E Lz, EOfHE,
AT T D<= 4 Z T RNAD 9 B, 250
TAREEE S MLirh 2 SRR &, F0 % (kT
4 =X NAEH A DWEREZ K > THAELL T
WwE L7,

O ERS, HEAENM OB X -
THMEP O~ A4 2 0 RNAGZZE{L A4 L

BT EDr N F L. BUERIEN &2
ZTHREGIBSREE T T T, Zo
AR ED LY IHBR T 22T
o AN OMEZIZOWT L HE 175
ZET RN O BB T AR U B A R
ML O~ 4 7 o RNAZ R L TRl

L. KMEACOT- &0 ok Tn o
ENTEHEMFFTEFY, Mo~ 4 2
O RNA Z A RSB O RS 5 5 7212
&, AL U7z 4 7 O RNADS &0 41k
WKHET DT, S510i3ED LS iz
ZhH o TVBDNE VS =[S S DR
ﬁ%%ﬂkﬁﬁgﬁ%EW%%fT*%wn
ANTZ OB i, 772 Ao fghs v

IR B4 4 —9 40 2013(6)

TAT <A 7 U RNAZ LI Lo wE# 2

TwEd,

BhbIC

A TR TR B & AR D
WTCHEHANED T AR, FD
WTHALE L7,

BRI 2 1 E Cw & L7 B b= s
Lo TEL AR E T - BT 57280
124, FERFEROYE D E oM - M E
WL, $hE0ky it h= XATYEROEE
FEATLL TV D& L2 B LN D
Uiﬁo:miﬁﬁﬁQM%ﬁufézk
T, B T S WED L9 RF
&x%bé«%##%nf<%&%ifwi
¥o w4 7 O RNAODIRIT & BB LW o
FEVERFZRIE A S 5 2 & T, Zoilitliitslo
ANZXND—Tia L, & 5T
BORWIEWIZH G TEDL LML TV E
ER)

BUEE, BRI E & 2 o A pRsz B oo 195
6' DWTHF 1T - Lb‘i'@“?’)‘. kIR

HILERATRTHWL I ET, 0L R4
ﬁ%%ﬁ&ﬂ&tﬂ Eno L) Aisu
RNADZEALT 2 0%, LW ) FMsERT
EHLDTEHRONEEZTVET, IFHRMIC
i, 2FEFE ﬁ%%&:wfﬁmRNAmWWL
FRISBEETWL T, BB 250
T, ERMPEYH nmc‘:‘/‘/)f‘a?)‘:)@»éqk =
DLEEMZIRBEFHEE LTSHTE 51T
PO TVWET, LRAD/NSEHRRNAE
FMHLT, SESERBEEN»SALLE
Mo, FHIRIC o E RS T &
bORRNEIZE L2 wE#H L TwET,

BRI

15 Vel -, A
a4

RESTHRIM LW D% g, Agt i 2 AL AR
FEEB L OHRAETERR - TRy BT ok U’zul Bl
Rl > ¥ ok )y, Ktk - SO S %
WIRECTEITLTOWE DT, uu»[f]]'a:z‘vf: 9 LT
L g E,




TRAE - B ARBEPSE,
8—KIEFH: BIBEIN,
IRAEFE - fb: ARIBFRPEE,

@S

12—-HEHE -

fﬁ’é’%

& % 9

&

ﬁ'?%
@ & B & BB BB

PMg s @ 1@
N>

ﬁﬁ%}ﬁﬁﬂ] SHEHL FEHT
FEERLRSE B HEeE

HH @f R

=Y

Sy

46, 101(2011)
41, 275(2012)
24,
10— HEH BB http://www.kankyo.metro.tokyo jp/air/air_pol
lution/result_measurementhtml(2013 £ 3 A5 B7 2+ X)

DinHREBREAN Y F T v 2 2000-2010 ERF, &
ERERERRASE, FEH(2009)pp.
ftr: HEBRFBEWO S a—N"V{LEEEBLIZTTF

o VRO HE, XERSEE RS R SIS
BIEFPOSPILBI TPV Lol - AMBE~DAL 2 R2
i TR 23 FEMRMARHESEHE(2012)pp. 21~28
13—REMHENMNIFRYERT & BRREREPHBNLF R ERE
RWREL, 201 FETA

14—HTAP, Hemispheric Transport of Air Poliution 2010, Part A:
Ozone and particulate matter, Air Poliution Studies No. 17, Unit-
ed Nations, New York and Geneva(2010)

365(1989)

102~108

&

B e LR LD BEHETE R

=288 -5\

EKF/E

T+ = LJTLL/\L_CE

HRERAZ BEMEEE SRABENTREENSNRESEYS—

[ R I N NN EEE XSS R EE R EE NN NN R N
KEBSE P OB TR E PMas 1, BIET  EICIE PMas QBB AEE S E LY,
LEYAIYWEDO—DE LTHLATHWES, #  EHE25~10um OR T, WA LZBIZE A
ANELF 1 &0 X 5 e JUE LIRS O, SRR WG AR S B oI L CL itk
R bEHENIOY X7 2T AIDIZINS 2.5 um ELUF O)f?&d\%‘fi FTH B PMusid, Ml
FTENE 200 ARETTIE, SPM B L OFPMas D #HETHLHEST B "I EMFHIERTHET

BEBBHCRD B EEIRSL R b ORI EES @,

;b.;i—«(’ PMjkfI’Iz‘A’)L @.}-,{/ w‘m R SN EEEEEEEREENENENENEREEENEENNE
FWUETS SPM & & U PMs 0 RESZE(C

L I N R - NN N EEE N

PMzs ¥ (3 A

Hb 2 EFONR

258820050888 EERS SEB DB BT
285095002283 08BBCEOBSEE DR B SPMIZ K 2 fEHEEHAEH S b EoiT &
PMus &1, RS O i e L -F- R B (SPM: sus- 7R R WFPED—D12, 1950 LSS
pended particulate mateer) @ ) B LA 2.5um PL T D oIz 0 Y K2 AEy FUMROEFNIENRD D 7,
MARF O/ TY, SPMD 3 5, b Ch Y F Y TORKIGYA & LR % 1958~
RFAMERIC R E CREBE S5 2T 5 T LT 1972 0 14 FERNI b D A LS, K&hp
OMCHR o7 DS, HE10m LFOSPM SPMgEEL 1 Hb /o) O CHR L ORIZED
DFEFRZ T PMu, IRWOTPMys & WA JHEEADS MM H L I LAREINOTTL IORTH
EhE L, HARTIHIE, 2001 Er6KEAF0

PMas D€ =4 — 7% SPM &I HICIEE 0. 2009

s L[ AR T BEEEIRE i L, SPM iz T T IERIfHe) 1
B 010mem* LT Ch . oo, L4020
mg/m’ BUT §, PMes % % 0) 82 TR AT S

Understanding aspects and toxicity of PMzs to reduce its risk
Masakazu UMEZAWA and Ken TAKEDA

] |

0424

KAGAKU Apﬁ 2013 Vol.83-

e,
(2013 4

L H S AT 35 g/ BUF ) kg
2 HBlE

ug/m* BLF

Hiy,
BHHNTHET,

o
<
&

S

No.4



muERY 22
(iR, EHER)

B 1--PMzs DR
AR DMy IO CHIE L < )

AL Ty E L PMas i, il 25~
VRN it 2iE ?7{“0%5?57;’53 (254
hTw 5380, B v 7
BB AR BT L
IELFEERTHF A

10 #m 1%5 g
I kAt
SN0 ST
Wa Rl '3”;)’;1@‘“'{‘(»")571

&

iz s

Lo Wng, S5 HEIE 0> SPM 23 Bt fr 7 R0 WL 4
RV BT L, BT RIPL 2r o
R ERI LA EIZEANELREEZ LN
TwWFEJ,

TO %G, SPM OHEHEGEHIC O T O E®
PEFWI e T DI E Lo A o BB Y
(EPAIE 2009 R IZF DK% F L 8, SPM D9
B & U NR TR P T 5 PMas N B &
CMENIME SR 53, PR, D IAE GERE R B L O
WER AN MR HIF L T AT 2 LT E
. ¥/, SPM I lé;ﬁiﬁa’%‘%’ EIZZIT R4 v
feaseatba, R, TR, LR S L
R AN R OA gzvmmv%mﬁ%%
BLTOLATHLZ LB ShTuwESS,
I 3 B O B O B A I NN RN NI A A
SHREHAEH,ISDHR
[ R N 2 R B EEEEEEEESEENREEEENENEEDE]

EHOLIEINTTIE, PMu 2ECEHEDL T4 —
Y UPES A DG A, <=7 AT v FEV
THFEL CT& E Lz, 74 —ENHEA A, B

:ﬁwékﬁ%% DEERO—~D>THHZ LN
ﬂl HENTVET, FEFSIIMEOHLE,S, kA
@ﬂ%t@@ﬁ&%ﬁ*ufﬁ&wb &k&
D PMas BFELDFEEITEHERIZLTLED

e Z RS L, ISR - THgE St
Q(«"‘i‘ﬁ—c
T oL, PMus 25 L7F 4 — Y IVHEA A % I

RO ANWA S, F AT AR

wLE L. T5E, ZOF~y AN SRR
B e 2B 50N TR L2 b 57
ﬂ%”@A@WAL TN D O AN R

PRICEE LT a2 Edhhh F LAY Fok,
M?ﬁﬁ@%ﬁlko%ﬁ¢ﬁ?ﬁﬁﬁﬁ%ﬁ?

B WA o & Y BT s
T 998,
251, i Soifesidig, MR T -

wmﬁWrifm%#&kLt@%:mm%mm
DD —HEOMBEN Iz > TB Y, Tl
DY A ZAC S, oML %"3#!' e MAET
AR H H I E AR L E L7 0.17 mg/m’ @
SPM™*2 & frite 7 4 — I HEH A O GT I 00 %
W = < ZDLEBII O F) 70%) 05, T 77 A DN

F78 3 R ) fo Myt AL S
HEIELWMHEPIILTCHET

EQANEE = YL & uPMmL¢ P4 =L
e A DULIRINERE DS, HEDT-~ 7 A DG ER O

%@u%%%*&&?:&ﬁ%baéiLtoa
<t.mﬂm&Wmmm®WM¢¢ﬁ?4—
YA A OUEURINIERS S, Bt oo g I o Rt
uﬁﬁé%ﬁmﬁﬂ“@ik:ybU7%%%L
WFORBIIRE LI, LD DTy
FF E5I, FNRLDLEVIRETH S 0.10
m@ﬁwW$Wf# YT A — VT A DI
PRIIERE D%, IR Vo0 A RN 0D 5630 | O T T s T
%m«%m;@ SELRLTVETY
BT & B RO O FEINZ D T
i FREANL UL CONHIRTT., Lol
TR DB & T~ O BN ORATIE LN =
FTIEDTELWHMTH D LT HIEHE L, Bl
E%m%%ﬁmfvif

EEELUBEOER

A
JHEDOKS

ne g PR EEeae s s

& B E DD EHE TR LRE S

L, R S PMy O

&

N’k @

# 2l o) SPM BB I B P O 1.7 8
# 3t P U E S, M i»‘»l:mi MTH BRI
LR R E X LA AT R e WS L

! !
Pivies ARSI DUTH BANERUITLT & f Bleg



A
-%T_L rglm®

2/22 2/23 2/24 2/25

(B)
BT prg/m?®
100 t

80
60
40
20

It il

2/26 2127 2/28 3/1

et T -

0 L
2/22 2/23 2/24 2/25
B 2—PMzs DEBHELOH

e LT (AT
RS AT 4 — 4%
REEOEREOMB 2L

’“hsJ&_.{on’é.

2/26 227

FEITHE - (& (BRI T : 4
201342 H 22 0%

2/28 31

IR R
)3]:]1 [ £ ¢ PVs

750.121 mg/m’(2009~2010 )T & O, PMas i FE
2100 pug/m’ A K& MR DI L PR S
EOS A BIRRT LAY Fo LT, BEES
2 T A REGYORES (R 2BLTids
<WWé~%Lm@nmf%£JLaw% LT
HoHL REEEFLEMIL T F T
0.1 mg/m’ & M % 5 34 D SPM (22 W T D58
i, 40 ELUEFTOF—7i1ddh 5~ TRAETIE
BEAED Y THAGHT YTIE00TOREEIE
nET, ECETZHLOETEHEO SPM B L O
PM.s IS DR, SR oo Tipl % ]
WS R T T,

=T, HARTIE PM.s B0 1 HFE{EAH
ROBSILEHEE MR 22 80D 3205 EE
ISR EFTHRI - T E L, BiEY

ik

1. BN ZMELEIZBT D PMys OBk
FERCIRIE %, —HZJE T 34 $heh 11 5 (32.4%.

WORETHDEMHELTWET, RizbidZ
DB E fl o 72 1T, PMas B A SN {f %
WZ HBEER. WE SIS PM,s IO 5127
BRI LEFHY ET @, FIT. AlbH

BB PMas KA
2HI2H) LD

N AT [
S~ K RIS DD L 2013 4

0426 KA!"AKU E Apr. 2013 Vol.83 No.4

— A AHPM,s OEEEEY A7 ZEMETES L9,
PMas EED 7 — & % R BRI - THB AR
XLrTUbNbrEARIZTEDE L.

IR A B XS L EE R R EEENEENESENRENNEENEYN

PMos 7 — 2 RFRICET 3
EESR
PR S A EEEEEEEEXENEEN I W
HEGEREOD, ETF9ERZOD, tOBHOKIE
sHERTED LA

KEH D SPM BEFER PMas I IE L, HNEH)
DREVCEDTY. T, tLZERL
[50ug/m’] L) F—=5Th, ThAHD 1Hr
BrrEoRETHhLIEE, 1 HEHELT
DWETHHZ L L, VIEHOPHE LTED
BETHAZLLTEE AT o/ EMA LD
F9. PMus iSO Sl s SRz L &2,
NA—R R b DL oh, BIIICHYTWAE D

BONEMRTAIIENLEF L ELDRET

Fh R RS OKRESEFENT H0021
Ll 2 oLl o H I e b &
. SPM R° PMas O HERELL, MR TR OE W
CdoTHZEDbYET. Fold, Thoniy
m?—&wﬁ%%ﬁ&fﬁﬂﬁ?@ﬂ%WWWJ
L2 [ S THSELATOR UM BT 50 ]

i ) B



EDIW AT B T LA YETT, EOIEE T
ZET, BEDT [WERI -TWD I Ly
BRHLCwbon] 2 BT 52 0T E4.
INEFWZ AL, PMos O Ei ISR A%
W o TWADT A HIZE, Ml - Ml
BERE DOPER R 2 ER P S FEL T b 2
ei:?')‘,i;llf‘ét'- ThibEbTH
FARNIAL, G PRI S 0 R & HE
FelCEtl L, FOF— 7y 2 O L5 2 &t
WfershgEd.

MERNS EOFEICDODVTOHEDEOL

fEHE e 2 % 2 7o S I T R L., &) CET
[Hb 2200 € JOh B8 1~ 15 m B T O i i ’é‘
PMos DILIEPEECE > 3 2 b— 3 a ¥ BEIC
M Sz B28 (e 2, WA 1000 m BLUF#
WO TO PMos iR IED 7 — & L IRETY, 72750

EZET O PMas 1 £ M 2EE C TOZ DL LA

EDEHTHMT L0 owTIE, HEEE Lo
T L CHERR M S YT L Bbh
£9,

7ol 28 RZE SHEERE <X PMas AR ¥
LD DB O THIIE T D
PMos iRIED Lot & LZeTORE LR & o B
WA LT, LENSIEIE T 5
PMas SR TdviE, HEE { TO PM.s il

Ladhsvenrd LhvEdA, i, BEFLA
PMas AP ZEE TR T ISR 35 2 £ 5%
AL, P TO PMas BEEEIE T RL iz L5
FToEhbLNEFEA, E2EEHFGE O PM.s it
BEIEINIZTDEND DD LI, HEDS
VYTHD LEbILET,

b, BlE L CEERD
AT L(ESTOEI,
BB D KA

5 R BRI AR
FEETH LEH 1~1.5m
SRErTE Y- L TWwWET

£ &

201342 A 27 HICHEEH O ML &8,
PMas D RETIRIED L5 Lok SIS B 7
EOWEE Y T AW IR R RELE L. &
7ohid, ZOWmEIERESBINE BICH SO

ZEV. BT oL

et Aizdls, EOL)ICTHTiEvwnoT
LkAd. £, ANELRZOIMIFIEZ DI &%,

FEMNIZ W A AR DGR Y AATLE )
AR ELHDZENEZONEY, /2, YA
DA £ Y TR T oW At g esdbZ 8
FHOVZREW 2 TH D2 IR RINI AP
WD BRI B AT R I LA TL E ),
Bt HE LI O FEC, Bl oR 2k ST
CEDFRIE DS D 720 ERTd B £
NFE Lz L L, BB oMy PMos 121
FIREEED b Db % CAFEL, L THIITIE R
DRV OTT . PMus DI 7 — ¥ DEiA

g s T — A= AN PMus DY A Y
RN LGS S S EANTEIC R B THSH D &
FHSFEZTHTET

ik - FERE

1--G. Oberdérster et al.: Environ. Health Perspect., 113, 823
(2005)

2--J, Schwartz & A. Marcus: Am. J. Epidemiol., 131, 185(1990)

3—EPACHK B B 1 {7 38 IF): Integrated science assessment for

particulate matter. (2012 &£ 12 8)

4-M, Sugamata et al.: J. Health Sci., 52, 82(2006)

5 EfE: FBlE5, 82,1093(2012)

61 HERN: R, 82, 1098(2012)

7--T. Suzuki et al.: Part Fibre Toxicol., 7. 7(2010)

8~-M. Kubo-rie et al.: Inhal, Toxicol., 23, 805(2011)

98, Yoshida et al.: Environ, Sci,, 13, 117(2006)
10-BEBER ERTOAEFRLDNT Xi%iﬁ?@’ﬁ
PMes” 1], EFBARAZ - PEIBFRHREM (£ERS
EF- KB SWARRNRI2E287 8], httpj/wmv,c:n.

emb-japan.go.jp/consular_j/air_pollution.pdf

M- BEE FR2R2FEEXKFTRRRE 20 TPM25),

http://www.env.go.jp/air/osen/jokyo_h22/pm25.htmi

12--8. Rengasamy et al.: Ann. Occup. Hyg., 54, 789(2010)

5 |
Phvies DREIZEICOVTRESNEELILCE | BHE | 0427



The Journal of Toxicological Sciences (J. Toxicol. Sci.) 13
Vol.38, No.1, 13-23,2013

a s

Original Article

Exposure to diesel exhaust during fetal period affects
behavior and neurotransmitters in male offspring mice

Satoshi Yokota'3, Nozomu Moriya?, Mari Iwata', Masakazu Umezawa3, Shigeru Oshio*
and Ken Takedat'?

!Department of Hygiene Chemistry, Faculty of Pharmaceutical Sciences, Tokyo University of Science,
2641 Yamazaki, Noda-city, Chiba 278-8510, Japan
2Department of Biopharmaceutics, Hyogo University of Health Sciences,
[-3-6 Minatojima, Chuo-ku, Kobe, Hyogo, 650-8530, Japan
3The Center for Environmental Health Science for the Next Generation, Research Institute for Science and
Technology, Tokyo University of Science, 2641 Yamazaki, Noda-city, Chiba 278-8510, Japan
“1Department of Hygiene Chemistry, School of Pharmaceutical Sciences, Ohu University, 31-3 Misumido, Tomita-cho,
Koriyama-city, Fukishima 963-8611, Japan

(Received October 4, 2012; Accepted October 31, 2012)

ABSTRACT — Exposure to ambient particulate matter (PM) has been associated with the onset of car-
diovascular and respiratory diseases. Diesel exhaust particles (DEP) are major components of ambient
PM. We first reported DEP in the central nervous system of offspring utilizing maternal inhalation to die-
sel exhaust (DE). [n addition, we found that the effects of maternal exposure to DE reduced spontane-
ous motor activity. However, it is still unknown whether maternal exposure to DE affects higher order
behavioral function. Therefore, the aim of the present study was to examine the effects of fetal exposure
to DE on motor coordination, impulsive behavior and monoaminergic systems in various brain regions.
The results of the rotating rod test showed that DE-exposed mice displayed decreased time on the rota
rod compared to control mice. However, no changes were detected between the two groups in the hang-
ing test. Furthermore, the cliff avoidance test revealed that DE-exposed mice spent more time in the cor-
ner and fell off an inverted glass beaker compared to control mice. High performance liquid chromatog-
raphy analysis revealed that noradrenaline turnover in the cerebellum was decreased by prenatal exposure
to DE, and was significantly increased in the hypothalamus. Dopamine and serotonin levels in various
brain regions were also changed by prenatal exposure to DE. Our study found that prenatal exposure to
DE alters motor coordination, impulsive behavior and related monoamine levels. Therefore, the present
study underscores the role of behavioral changes related to monoamine in response to maternal inhalation
of DE.

Key words: Fetal period, Diesel exhaust, Air pollutants, Central nervous system, Motor coordination,
Impulsive behavior

INTRODUCTION the largest contributor of airborne PM, and DEP can per-
sist in the air where these compounds are readily inhaled.
Therefore, the effects of exposure to DE represent a sig-

nificant concern for healthcare.

Numerous studies have indicated a causal relationship
between ambient particulate matter (PM) in metropolitan

areas and health risks (Pope, 2004). Recently, attention
has focused on the effects of ultrafine particles or nano-
patticles (< 100 nm) (Oberdérster ef al., 2005; Nel ef al.,
2006). Diesel exhaust (DE) is composed of gaseous com-
pounds and particulate matter defined as diesel exhaust
particles (DEP). DEP emmitted from diesel engines are

While most studies of the toxicological effects of air
pollution have focused on cardiovascular and pulmonary
functions (Campen et al., 2010; Ichinose ef al., 1997),
more recent studies have examined the effect of air pol-
lution on the central nervous system (CNS) (Block and
Calderon-Garcidueiias, 2009). In fact, the effects of expo-
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sure to DE and DEP on the CNS have been reported in
several epidemiological studies. One of these studies
found a potential adverse effect of air pollutants in Mexico
City on the CNS of dogs (Calderon-Gareiduetias e af.,
2002). In humans, a subsequent study showed neurobe-
havioral and pulmonary impairment in railroad workers
and electricians (Kilburn, 2000). Furthermore, X-ray flu-
orescence analysis in a kinetics report revealed that met-
al elements of DEP, which contained nano-sized parti-
cles, were detected in the olfactory epithelium and bulb
of mice (Matsui ¢f al., 2009).

Several experimental studies have been performed to
evaluate the mechanisms underlying the effects associat-
ed with exposure to DE on the CNS. To date, the molecu-
lar mechanisms were primarily attributed to inflammation
mediated by oxidative stress. The inflammatory effects
of DEP appear to be driven by the particulate compo-
nent such as the surface area effect (Heinrich er al.,
1995). However, the organic and metal components also
appear to play a role in oxidative and proinflammatory
effects related to pathogenicity (Gnoth ef al., 1999; Ball
ef al., 2000). DEP are composed of a carbonaceous core
with adsorbed organic compounds, sulfates, and trace
elements (Umezawa and Takeda, 2011). Soluble organ-
ic compounds, including polycyclic aromatic hydrocar-
bon (PAH), can represent up to sixty percent of the mass
of the DEP particle. PAH resemble steroid hormones,
and can elicit estrogenic and antiestrogenic activity
(Santodonato, 1997). The effects of perinatal exposure to
DE on the expression levels of estrogen receptors of the
cerebrum of a neonate was previously reported (Tsukue et
al., 2009). The literature has established that estrogen is
modulate brain development, neuroprotection as well as
the regulation of monoaminergic systems (McEwen and
Alves, 1999).

Evidence indicates that environmental exposure in
utero and during early life can permanently change the
body’s structure, physiology and metabolism, and this
exposure can lead to diseases in adults (George et al.,
2009). Due to unprotected barriers in the CNS and devel-
opmental plasticity influenced by the environment, a
long period of vulnerability in the developmental proc-
ess exists that increases the susceptibility of the CNS
to environmental insult (Landrigan e/ al., 2005). For
instance, a previous report found that in uzero exposure
to DEP decreased weight gain during lactation (Hougaard
et al., 2008). In our previous study using a mouse mod-
el, caspase 3-positive cells were increased in the cerebel-
lum by prenatal exposure to DE, a structure that regulates
motor coordination (Sugamata ef a/., 2006b). In addition,
serum testosterone concentration, a parameter of impul-

Vol. 38 No. |

sive behavior such as aggression, was also increased by
maternal exposure to DE (Yoshida er al., 2006). Further-
more, we showed that prenatal exposure to DE decreased
locomotion as well as dopamine metabolites in the nucle-
us accumbens {Yokota er al., 2009). which was confirmed
in a subsequent study (Suzuki er al., 2010).

However, it is not known whether the changes in high-
er order behavior (i.e., motor coordination and impul-
sive behavior) are induced by maternal exposure to DE.
In the present study, we hypothesized that monoamine
levels would be altered in specific brain regions follow-
ing maternal exposure to DE. Therefore. the aim of the
present study was to examine the effects of prenatal expo-
sure to DE on motor coordination and impulsive behav-
ior. Following the behavioral testing, we also assessed
monoaminergic systems in various brain regions consid-
ered to be related to these behavioral changes.

MATERIALS AND METHODS

Animals

Pregnant ICR mice at gestational days (GD) 1 were
purchased from Japan SLC Inc. (Shizuoka, Japan). The
mice were divided into two groups: (1) diesel exposure
group (n = 15) and (2) control group (n = 15). The two
groups of mice were housed in separate inhalation cham-
bers, and were housed under controlled conditions with
12 hr light/12 hr dark cycle and ad libitum access to food
and water, The mice were exposed to diesel exhaust for
8 hr/day (9:00-17:00) for five days per week in the inha-
lation chambers at the Research Institute of Tuberculo-
sis (Japan Anti-Tuberculosis Association, Tokyo, Japan)
from GD 2 to 17. Pregnant mice were housed in stain-
less steel wire mesh cages during the exposure peri-
od; postpartum offspring would immediately drop away
from the cages. GD 17 is considered to be the end of ter-
atogenic period in mice; hense, the designated exposure
period was from GD 2 to 17. After this period, moth-
ers and pups were maintained in a clean room. On post-
natal day (PND) 7, the number of pups per litter was
adjusted to ten. The pups were weaned on PND 21, and
male mice were then transported to Tokyo University of
Science (Chiba, Japan). Mice were transported carefully
to minimize stress factors by Sankyo Labo Service Co.,
Inc. (Tokyo, Japan) and Tokyo Laboratory Science Co.,
Ltd. (Tokyo, Japan). Experiments were approved by insti-
tutional and national guidelines for the care and use of
laboratory animals.

Diesel exhaust exposure
A 2369 cc diesel engine (Isuzu Motors Ltd., Tokyo,
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Japan) was operated at a speed of 1,050 rpm and at 80%
load with a commercial oil. The exhaust was introduced
into a stainless steel dilution tunnel (450 mm diameter x
6,250 mm) where the exhaust was mixed with clean air.
The average concentrations of exhaust constituents were
maintained at 1.0 mg/m3, 2.67 ppm for carbon monoxide
(CO), 0.23 ppm for nitrogen dioxide (NO,), and less than
0.01 ppm for sulfur dioxide (SO,).

Behavioral analysis

The rotating rod test, the hanging test, and the cliff
avoidance test were performed as previously described
(Shimizu er al., 2002; Matsuoka er al., 2005). The rotat-
ing rod test and the hanging test were performed when
offspring male mice were five weeks old. Motor coor-
dination was assessed with a rotating rod apparatus
(ENV-576 Mouse Rota Rod Single Station, MED
Associates Inc., St. Albans, VT, USA), which consisted of
a plastic rod (3 cm diameter, 8 cm long) with a gritted sur-
face flanked by two large discs (40 cm diameter). The mice
were placed on the rod, and the rod was rotated at a speed
of 0 (stationary) rpm, 4 rpm, and 16 rpm. Three trials were
conducted at each speed except for the stationary. Latency
was monitored for 120 sec or until a fall occurred. Intra-
trial intervals for each animal were more than 20 min. In
the hanging test, a mouse was placed on the stainless bar
(50 cm length, 2 mm diameter, elevated 37 cm from a
surface) at a point midway between the supports, and was
observed for 30 sec in four separate trials. The amount
of time spent hanging was recorded. Cliff avoidance tests
were performed when male offspring were six weeks of
age. Cliff avoidance, defined as not jumping from the
platform, were evaluated with the use of a round platform
(an inverted glass container with a diameter of 13 cm
and height of 20 cm). For this test, the mice were placed
on the platform, and behaviors were video recorded for
10 min.

Sampling procedure

Brains in anesthetized male offspring mice were iso-
lated at three and six weeks of age, respectively. No dif-
ferences were observed in body weight between the expo-

Table 1. Body weights of mice at three and six weeks old

sure group and the control group (Table 1). The brains
were dissected into various regions required for monoam-
ine analysis. The brain regions were frozen in liquid nitro-
gen, and stored at -80°C until use.

Brain dissection

Brain dissection was performed according to the mod-
ified method of Heffner ef al. (1980). and was based on
the atlas described by Paxinos and Franklin (Paxinos and
Franlin, 2001). The following brain regions were rapidly
dissected from coronal brain sections: (1) prefrontal cor-
tex (containing cingulated cortex and motor cortex are-
as 1 and 2), (2) striatum, (3) hippocampus, (4) amygda-
la, (5) hypothalamus, (6) cerebellum and (7) brainstem.
Determination of monoamine levels was conducted in the
prefrontal cortex, striatum, hippocampus, hypothalamus,
amygdala, cerebellum and brainstem.

Neurochemical analysis

Frozen brain tissues were homogenized in ice cold
0.2 M perchloric acid (Nacalai Tesque Inc., Kyoto, Japan)
containing 100 mM EDTA 2Na (Dojindo Laboratories,
Kumamoto, Japan) and 100 ng isoprotenol (Sigma-
Aldrich Co., St. Louis, MO, USA), as an internal stand-
ard. The homogenates were centrifuged at 20,000 x g
for 15 min at 0°C. Supernatants were transferred to new
tubes, and the pellets were stored for protein assay. The
pH of the supernatant was adjusted to 3.5 with | M sodi-
um acetate (Kanto Chemical Co., Inc., Tokyo, Japan), and
stored at -80°C until analysis. For HPLC, 10 ul of the pH
adjusted supernatant was injected with a microsyringe
(702SNR; Hamilton Co., Reno, NV, USA) into an HPLC
system with electrochemical detection (HTEC-500MAB;
EICOM Co., Kyoto, Japan). Each group contained sam-
ples from nine mice. The standard solution contained the
monoamines dopamine (DA) and noradrenaline (NA)
as well as serotonin (5-HT) and their metabolites. The
DA metabolites were 3-methoxytyramine hydrochlo-
ride (3-MT), 3.4-dihydroxyphenylacetic acid (DOPAC)
and homovanillic acid (HVA). The NA metabolites were
normetanephrine hydrochloride (NM) and 4-hydroxy-3-
methoxyphenylglycol hemipiperazinium (MHPG). The

3 weeks 6 weeks
Control DE Control DE
Number 0 10 10 10
Weight (g 20512 21.8%0.8 40012 423513

The data were presented as the mean = S.E. of ten mice.
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5-HT metabolites were 5-hydroxyindole-3-acetic acid
(5-HIAA). Standards DA, HVA, 3-MT, NM, MHPG, 5-HT
and 5-HIAA were obtained from Sigma-Aldrich. Stand-
ards NA and DOPAC were obtained from Nacalai Tesque
and Wako Pure Chemical Industries, Ltd. (Osaka, Japan),
respectively. The monoamines and their metabolites were
separated by passage through a C18 reverse-phase col-
umn (Eicompak SC-50DS; 3.0 mm » 150 mm; Eicom)
maintained at 25°C and connected to an electrochemi-
cal detector (EPC-500, Eicom). The mobile phase was
0.1 M acetic acid/citric acid buffer (pH 3.5) containing
EDTA 2Na (5 mg/l), sodium !-octanesulfonate (190 mg/l;
Nacalai Tesque), and 15% methanol (Kanto Chemical
Co., Inc.). The flow rate was maintained at 0.5 ml/min
for 35 min. Data were collected and analyzed with the
PowerChrom 280 System (eDAQ Pty Ltd., New South
Wales, Australia). To determine the protein concentra-
tion, the pellets were dissolved in 100 mM Tris-HCI for
protein determination by a high sensitivity version of the
Bradford method with a commercial reagent (ADV-01;
Cytoskeleton Inc., Denver, CO, USA), and measurements
were performed according to the manufacturer’s proto-
col. The absorbance was measured at 595 nm with a 96
well microplate reader (model 550; Bio-Rad Laboratories
Inc., Hercules, CA, USA), and protein concentration was
calculated from a standard curve generated with bovine
gamma globulin (Pre-Diluted Protein Assay Standards:
Bovine Gamma Globulin Set; Thermo Fisher Scientific
Inc., Rockford, 1L, USA). Concentrations of monoamines
and their metabolites are expressed as pg/mg of protein,
and the catabolism rate is expressed as the ratio of metab-
olite to monoamine (e.g. MHPG/NA).

Statistical analysis

Data from the rotating rod test and hanging test were
analyzed using a two-way analysis of variance (ANOVA)
with repeated measures for the trials. The remaining data
were analyzed by the Mann Whitney U-test. Data were
expressed as mean £ S.E. Differences between groups
were examined for statistical significance, and P < 0.05
and P <0.01 indicate statistical significance.

RESULTS

Behavioral analysis (Rotating rod test, Hanging
test, Cliff avoidance test)

To assess the motor function of offspring male mice,
the rotating rod test and hanging test were performed.
The rotating rod test was performed at five weeks of age.
In this test, the rodents were exposed to three variations
of speed (0 rpm, 4 rpm, [6 rpm), and the test was per-
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formed in three separate trials at 4 rpm and 16 rpm. In
the stationary phase (0 rpm), no differences were detected
in latency time to fall off in the maternally DE exposed
group compared to controls. However, the retention time
of DE exposed mice on the rod was significantly short-
er than that of controls at both 4 rpm and 16 rpm [4 rpm:
F (1, 84)=10.16; P = 0.002; 16 rpm: F (1, 84) = 10.90;
P=0.001] (Fig. 1 A). While learning effects of both con-
trol and DE exposed mice were observed at every speed
(4 rpm: F (2, 84) = 3.41; P =0.038; 16 rpm: F (2, 84)
= (.50; P = 0.002], no exposure x trials interaction was
detected using a two-way analysis of variance (ANOVA).
The hanging test was performed in four separate trials two
days after the rotating rod test, and this test did not detect
any differences between the two groups (Fig. 1B).

The cliff avoidance test was subsequently performed
at six weeks of age. The elevated transparent platform
consisted of the base of an inverted glass beaker with a
height more than twice the animal’s body length. Eight
of the fifteen control mice that were placed on an ele-
vated transparent platform avoided the edge of the plat-
form and did not jump off, whereas eleven of the fifteen
DE exposed mice jumped off the platform within 10 min.
We found differences in the time latency to jump off the
platform between the two groups in that the DE-exposed
mice jumped off the inverted beaker earlier than the con-
trol mice (P = 0.036) (Fig. 2).

Neurochemical analysis

The brain samples were obtained immediately after
the cliff avoidance test, and the levels of monoamine
and their metabolites were examined in various brain
regions in mice. In the noradrenergic system, prenatal
exposure to DE altered the concentration of NA metab-
olites in the cerebellum of both three- and six-week-old
male offspring. Fetal exposure to DE decreased the con-
centration of MHPG at three weeks of age (P =0.013.
Fig. 3A), and decreased MHPG and NM concentrations
at six weeks of age (MHPG; P = 0.031, NM; P = 0.007,
Fig. 3B). NA turnover is an index of NA neuronal activity
that is calculated as a ratio of NA metabolites to NA, and we
found that NA turnover was decreased by maternal expo-
sure to DE (MHPG/NA; P =0.002, Fig. 3C) (MHPG/NA;
P=0.015, NM/NA; P = 0.003, Fig. 3D). The NA concen-
tration in the hypothalamus was not altered at three weeks
of age (Fig. 4A), and was dramatically increased in DE-
exposed mice at six weeks of age (P = 0.043, Fig. 4B).

Similar to our previous reports (Yokota e al., 2009,
Suzuki ef al., 2010), we detected decreased DA metabo-
lites in the nucleus accumbens in DE-exposed male oft-
spring (three-week-old, data not shown) in the dopamin-
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Evaluation of motor function in the rotating rod test
and the hanging test. (A) Retention time of control
and maternally exposed diesel exhaust groups on the
rotating rod at speed 0 rpm, 4 rpm, and 16 rpm. Mice
that were maternally exposed to diesel showed de-
creased time on the rotating rod at 4 rpm and 16 rpm.
The data represents time course changes in control
and the maternally exposed diesel exhaust group. (B)
Hanging time of control and maternally exposed diesel
exhaust groups. No differences were detected between
the two groups. Solid squares and triangles represent
control and maternally exposed diesel exhaust mice
(n= 13), respectively. Values are mean = S.E. (‘P <0.05,
“P<0.01).

ergic system. DA and a DA metabolite, 3-MT, were
decreased in the prefrontal cortex in DE-exposed mice
at three weeks of age (DA; P =0.034, 3-MT; P = 0.041,
Fig. 5A), but not changed at six weeks of age (Fig. 3B).
In contrast, we found that DA levels were increased in
DE-exposed mice at six weeks of age in the amygdala,
and its metabolites were also increased at both three and
six weeks of age (DA; P = 0.028, DOPAC; P = 0.008,
HVA; P =0.011, 3-MT; P = 0.023, Fig. 5C) (DOPAC;
P =0.012, Fig. 5D).
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Evaluation of impulsive behavior in the cliff avoidance
test. Maternally exposed disesel exhaust mice tended
to explore the corner of the inverted beaker which re-
sulted in jumping off the inverted beaker. Significant
differences were detected in cliff avoidance behavior
between control and maternally-exposed diesel exhaust
mice. The data were expressed as scatter plot of laten-
cy to jump off within 10 min in control and diesel ex-
haust exposed groups. Mice that stayed on the inverted
glass beaker were shown as 600 sec. Each black bar
represents the mean latency to jump off the inverted
glass beaker (n = {3; "P < 0.05 vs. control group).

In the serotonergic system, we found that prenatal
exposure to DE increased 5-HT and 5-HIAA levels in the
amygdala at three weeks of age (Table 2). At six weeks of
age, an increase was detected in the prenatal DE exposure
group in 5-HT and 5-HIAA concentrations in the prefron-
tal cortex and hypothalamus, respectively (Table 3).

DISCUSSION

The results of the present study indicate for the first
time that maternal exposure to DE affects motor coordi-
nation and impulsive behavior in mice. In addition, this
study demonstrates neurochemical alterations in specific
brain regions related to these behavioral deficits. In the
present study, DE concentrations were approximately
10 times higher than realistic concentrations. However,
the DE concentrations were not so high when lifespan is
taken into account, given that mice were only exposed in
the fetal period. Only male offspring mice were used in
this study due to the variations associated with hormonal
imbalance during the estrous cycle seen in female mice.
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Levels of noradrenaline and its metabolites in the cerebellum. (A, B) Levels of NA and its metabolites in the cerebellum at

(A) three and (B) six weeks old of age. The data were expressed as a percentage of the value in control mice. Each column
represents the mean £ S.E. of nine mice (*P < 0.05, P < 0.01 vs. control group). (C, D) Measurement of NA turnover in
the cerebellum at (C) three and (D) six weeks old of age. The data were expressed as a percentage of the value in control
mice. Each column represents the mean = S.E. of nine mice ("P < 0.03, *'P < 0.01 vs. control group). Abbreviations: NA,
noradrenaline; MHPG, 4-hydroxy-3-methoxyphenylglycol hemipiperazinium; NM, normetanephrine hydrochloride.

First, we found that prenatal DE exposure decreased
the time latency to fall off in the rotating rod test, but did
not alter the time latency to fall off in the hanging test.
The cerebellum is important for regulation of motor coor-
dination; higher order motor function (Shimizu er al.,
2002). It is possible that prenatal exposure to DE affected
motor coordination that was specific to parts of the CNS
such as the cerebellum, but not components of the periph-
ery such as the skeletal muscle. The results indicated that
the concentration of NA metabolites and NA turnover
in the cerebellum were decreased by the matenal expo-
sure to DE at three and six weeks of age. The cerebellum,
especially Purkinje cells, is important to the modulation
of motor coordination and motor learning tasks regulat-
ed by gamma aminobutyric acid (GABA) neuron activi-
ty (Mitoma and Konishi, 1999). Previous studies indicate
that the cerebellum receives widespread nerve termi-
nal projections from noradrenergic neurons (Watson and
McElligott, 1984). GABAergic neurons in the Purkinje

Vol. 38 No. |

cells are stimulated by NA neurons to elicit a prolonged
inhibition of Purkinje cell activity (Mitoma and Konishi,
1999). A previous study showed that the number of cas-
pase 3 positive cells in the Purkinje cells were significant-
ly increased in maternally DE exposed mice (Sugamata
et al., 2006b). In addition, it was reported that vincris-
tine caused massive apoptosis in the cerebellum with cas-
pase 3-like protease activation, which was associated with
motor dysfunction in the rotating rod test (Shimizu et al.,
2002). It was quite possible that the impairment seen in
the rotating rod test following maternal DE exposure may
be caused by a reduction in the activity of noradrenergic
systems in the cerebellum.

The cliff avoidance test showed that maternal exposure
to DE affected impulsive behavior of offspring under nov-
el environmental stress. Impulsive behavior is related to
various psychological factors such as social and environ-
mental stress (Matsuoka ef al., 2005). In addition, prena-
tal exposure to DE also affected the concentration of NA
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Fig. 4. Levels of noradrenaline and its metabolites in the hy-

pothalamus. (A, B) Levels of NA and its metabolites
in the hypothalamus at (A) three and (B) six weeks
of age. The data were expressed as a percentage of
the value in control mice. Each column represents
the mean =+ S.E. of nine mice (*P < 0.05 vs. control
group). Abbreviations: NA, noradrenaline; MHPG,
4-hydroxy-3-methoxyphenylglycol hemipiperazinium;
NM, normetanephrine hydrochloride.

in the hypothalamus, and these results suggest that DE
may represent a stressor when exposed to mouse fetuses.
The hypothalamus receives rich noradrenergic innerva-
tion from the brainstem, and secretes adrenocorticotrop-
ic hormone due to the noradrenergic input (Szafarczyk
et al., 1987, 1988). Moreover, intracerebral administra-
tion of NA into the paraventricular nucleus, a part of the
hypothalamus, also results in an activation of the stress
axis (Itoi et al., 1994). On the contrary, noradrenergic
antagonists can block stress axis activation. These find-
ings confirm the importance of NA in stimulating corti-
cotropin releasing hormone neurons, which stimulate cor-
ticosterone secretion from the adrenal gland into blood
(Handa et al., 1994). It was previously reported that pre-
natal exposure to endocrine disrupting compounds during
development affects the hypothalamo-pituitary-adrenal

(HPA) axis (Diamanti-Kandarakis et al., 2009). Further-
more, DE and DEP were also reported to elicit hormone-
like activity (Takeda et al., 2004). Therefore, the altera-
tion of impulsive behavior in the prenatal DE exposure
group may be mediated by hypothalamic impairment,
which is induced by HPA axis activation as well as hor-
mone-like reactions of some DE components.

Understanding the critical periods associated with the
effects of DE exposure on the CNS is very important.
Previous studies indicate that stimulation or insultat crit-
ical phases of CNS development can result in long-term
changes in brain structure and function due to neural plas-
ticity via gene-environmental interactions. For instance,
the serotonin system in the CNS is well known to be
affected by perinatal environmental alterations (Van den
Hove et al., 2011). In the present study, we evaluated ser-
otonergic systems of various brain regions in male off-
spring following maternal DE exposure. At three weeks of
age, increased levels of 5-HT and S-HIAA were observed
in the amygdala, and increases in 5-HT and 5-HIAA levels
were observed in the prefrontal cortex and hypothalmus
at six weeks of age, respectively. Serotonin-based activi-
ty propagates from neurons located in the raphe nuclei of
the brainstem, the most primitive part of the brain. There-
fore, the serotonergic systems are involved in fundamen-
tal aspects of physiology including body temperature con-
trol, cardiovascular activity as well as respiration, and
this system also regulates motor control as well as higher
order behaviors, such as impulsive behavior and depres-
sive like behavior (Chase and Murphy, 1973). The broad
range of physiology and behavior asociated with the sero-
tonin nerve systems can be attributed to the widespread
distribution of serotonin-containing nerve fiber terminals
that arise from the raphe nucei. Indeed, the branching of
the serotonin network comprises the most expansive neu-
rochemical system in the brain. In our previous study, we
found that maternal exposure to DE increased serum tes-
tosterone levels in adulthood, which is related to aggres-
sive behavior (Yoshida et al., 2006). A strong relationship
between serotonin and testosterone has also been report-
ed in the literature (Birger ef al., 2003). The alteration
of the serotonin nervous system by maternal exposure to
DE may contribute changes in impulsive behavior. How-
ever, contradictory findings have been reported regard-
ing the reduction in serotonin concentration and impul-
sive behavior such as aggression (Birger et al., 2003).
Therefore, further investigation is necessary to examine
the effects of prenatal exposure to DE on the serotonergic
systems and impulsive behavior.

In the present study, the dopaminergic system was
investigated in prenatally DE-exposed mice at both three
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