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e RO EE  (330) : Epidemiological and experimental studies suggest that exposure
to low levels of environmental chemicals induce disorders in higher brain functions
including cognition and emotion It is established that hypothalamo-pituitary-adrenal
(HPA) axis, the neuroendocrinological stress response system, plays a pivotal role in
the cognition and emotion. However, the effect of environmental chemical exposure on the
developing the neuroendocrine system is largely unknown. Thus, we administered pregnant
mice 2, 3,7, 8—tetrachlorodibenzo—p—dioxin (TCDD) to develop a chemically exposed rodent
model. For a comparative purpose, we generated early—-life stress mouse models, such as
maternal separation and early deprivation, as positive control that manifests abnormal
development of the HPA system. We adopted to use novel behavioral analysis as well as
traditional biochemical- and molecular biology techniques. We discovered the early
deprivation resulted in a behavioral phenotype similar to perinatal low—dose dioxin
exposure whereas the maternal separation had an opposite behavioral consequence. The
result of gene expression analysis suggested an alteration of the functional connectivity
between the prefrontal cortex and the amygdala. To elucidate the underlying mechanism
between the dioxin—induced developmental toxicity and the early life environmental
conditions warrants further studies



(BEEHAL - 1)

[ERES T PRt & &t
AT TERR 3, 100, 000 930, 000 4, 030, 000
FFEy B« BREET:
BAE O - B« R - AL
F—U— R RELEWE. MIRRNOW, A R VRIS, BEEY. BTE, AES1TE, &R
MMEERE. A b L R EEET L

1. WFEBHMREFIOE R
BRERE~OFRBOEBRENEEY & &
BT, WIRE - R R R EIT A 7
{TpoTELN, KRE TCOMHRBHEBTO
HYUTHEIT LTV D, I, R - FEREY
el k0, IRHETORE, RS ER
& S D A PE IR R 1T KD IR AR R
DRBEENTND, Vb, ERAERE~
DB W T, Ehid e MIOMET
DRBNPRD BN TN D, Fex 1Tk AL D3
a2 R - FHI9 % 72 0 O T B % A& i
W, v AEEMTHRKICHETE LT RkikE
REAfRIEE L L, M oRB: - EEMEICENT
ME OENVATENVEMT L Z MESL L 72 [Endo et
al., 2011, Tse et al., 2011], ZDOlEL
AL LT, ¥AFTHI AT = /) —

v A DJEPEMINREE & O T T AF B A R 12

ZRRTATEVRE NN D Z L& RWTE Lz,
LS HOE NIEEEZE AR & 72 o 7= F/)h
R (LOAEL) oM%Y &, H L ixENnz
THEZ2HECRAHISN-EERBETH D,
SIOIZFEORFOMNIEEL LT, BamEiE
B % F] D RTEHIE & KL kR IZEB T 2 Ak
LV TORLE MR LTV 5,

A D HEEMFZEIZ BT, B PE RS £
T~ T AN AR R RN, TA LA
BEE|, HDHWIE, b FOIEEREE - R
B R EEREERORARMAIZLBSEF T
HIEWCER LTz, RO A L AR L ERE
PEHERFIZ, & U CTHR M- FEE-RIE
(HPA) 823 5] %, HPA #l OB BE R 5 1 3 pl A 1 12
PRI B RREIRB DY 2R 7 AT Th b
ZENFMmLENTEBY, Z0oRODTB T T I
JIXEEYREICHRD TS b 5
[Harris & Seckl, Horm. Behav., 2011]Z &
Mo, ALEWERETRIC LA RENEND Z L
DRI SN D HTH S,

2. FEDEH

BRBEAL W E ~ O ) PEHING 75 03 i A D
RIS ER E A S SR T A= AL
L C HPA i DFREI B BIAET D & 5 1EEE
i (X 1) Z2HREAE L TRERZITHIZ L
E LT, REALEWERE b 224 ©
HEICKIFTHELMREICHIZ0, ERL
SO A R VAR (THRRNGWA R LA
INER]) ICESREH TS, Tk, @B -
THENCRE D2 FERFBEBETH Y 2N 5
FEAEMHEEN T ARANT —<TH b, K
HEOREACFEDE ~O B EMREIZE -
THELD T >HETORKRMEER 1T, &
MZEBIT DA NV AEFEZLE D FEEEE - A
BEBOET NV EIEEANZ N, I T, A
ML RIEEROBEENZ OFEMEICHEL 5
TBHEWIRELEN T, fTENRE - Ak -
NTHEMHNT 7 a—F o CE AR %
79, Zhlckv ., To2F AFE) o
R DT 7o B FIEE N T 5
T ENAEORIITH D,

3. WFRROFGE

(1) REFHERE~ T X, 2OONH
BNSFWA N VA KRISREEET VB
M OIEH

BELEWEORET T L E LT, X1 4%

(2,3, 7, 8RR R Y p AR

> (TCDD)) % JEpE g (FHEkIZ 0.673.0

weg/ke RE, HERO®KSE) LievUu A

(C57BL/6) B L7z, Z OFEH 2 ¥ — AT,
LOAEL @ 1/8 1ZIZIFFHY L, FEMZ A 4%
T UNRGE Y U A TENR B - R E) N H
— VDR R RT L, Fex OIFFEE O]
MR CHERRIE A Th D, Bl Z Ok
KB, A MU REEFEEMES B MR
JEMR (FRAMEREE . SR LEES) T
HDHZ L HHEREHTH D,

WIT, FEWIEREEN 12 K 2N W A
N AKSREEET L E LT, (s
Ht (ED) =7 /L& E A L7- [Stanton et al.,
Behav. Neurosci, 1988; ffi], AHAFFETiX ED
WLTE 24T > 7= Bh#) % HPA [ = o b4 sk FRFEE
L LT, ZTOITEVFEHRBI 2 85851, JE



PEM & A A3 o L BREE~ T A O HPA BB RE
FHET HBROFEE L LTHWE, E6IT, #%
OB EMIN R~ 7 A L5l BT R
T MS) =~ 7 A bR LT,

(2) ITHRZEFERERAVWETBRED
TR

ORI HE D HR8EEREREDT ; FAE
WA A VIRENBRERICEE Z 2T D

TENRBENTEY CRERT—4), B
AN Z &b CIATET 21T > 72, AT
T WA L LTV FEREEEIC T, HEASHIRE
FI (72 CAENEWTH D TRER OB,
FHLOBENWTH D [RADEEDE N 72 L)
Z W R SOS S Ot - #2417 o 72,

@ IntelliCage =R T &= E LB
FEREREDT - W3 - RSEE - BIMEICEN -2
HE)~ o 2 TENfENTEEE (IntelliCage 2 A
T A) IZEA BB LME ORBR T e Fa
JV[Endo et al., Behav Brain Res, 2011]
Z FV, HPA Sl RE 20 Rr 00 2 R B D 5
& EIRIZI W= fifT 217> 72,

(3) MRADWRDOEZERNXF YT 74 Y
P—ray

JEEMRBEIH O aLFazxTary (F-
WO AN RARALEY) OYWE - ¥ —
T OW T2, HPA BiliHREIC B 5 AL
LRI F FOMHPREZLZ, A ML AARN
AEOFUETCHREITHZ EICED | R
SEERE R AL O HPA SO LA BN D
MVRFE L 72,

(4) FAEWFERFIEL AV 72 HPA B0
RERTA

fERD A~ U RSB 53 L~V TRE
fid% 7=, HPA BhOIEMEIZ B> 2 kL %
fEI T T, MifL (FEFD) FRRERYZREERE
G RBNT 21T o7, Ba BB LIz L —
YAt rar (M) EHN
T-EBin R EEEE A [Yoshioka et al.
Sci Rep 2012]. A P L REAMPRETR LW
ITENRRBR I VIS L3 2 I fEIk (RIKMEZE
—iAf%R) wEIR UM LT,

4. MERE
TCDD o JE FEWINE R 1 & 2 B L S g
TTT L~ 7 AN T, Bt

BRIZFUN T, JE E K A & (0. 6 1 g/kg) TCDD
IREE~ U RIS CH D HITx L, xR
FERBROITENRBIAIZ R Lo, L0 e &E
72(3.0 1 g/kg) TCDD W& % =2 1 F 7= #hi Tl /X
IGHEDIR TR A LND Z N oT=, —J7,
KHERE~ 7 AZBWTH, EREFRN
W E  GRMHAHT BT Z5E) ~O R
FEORSLIITEN N, RWE T 2D
AR IR 2 T 5 TRYRE ) l2xF L,
A &R E~ 7 A XRBRK AT 72 B BOG
A L7=, Pl TRUME ] 2% LT,
R R RE & T PREE & ORI E TR S e )
Sle, ETAN, FiEREIN TR (2
kF L CoxF FEEDS P [El R AR D 7 < AATE) &2 R
L7zoizke L, BREHETIET < ATEHOE T
DBl ST, £, BIORERENS G, 1§
TS TRWG R Ik VBl Ve —F7
L EORETEERT DI ENHMRIN
Teo LAEORERIG | JHEMICKIT 2IKH &
@ TCDD BRFEDEEMN, A% DR IEE) I
BN D ENITEIENIC RS, 2
mesolimbic R /NI VRICEENH D E V)
Al el & —& L TR Y, BEHIKH
HIREOHFEME~OEBEEOOE DL L
THLWREA L IroTz, S LICEROEER
T A A X VIBREBWICBT S0P LT
AT U MEERENRZE A, BRI
THEWREZR SN A ML AARRED 2L
FaRTa M RE RN S D Z b
NHHSENE IR,

FloFx ik, B AR BT E R E
IntelliCage Z MW 7ZBP TEIRAERIZRB VT,
T A Fx T VJEEIRE~ DU 2B 55
FATENO BH 2 A L, GRS L7z [Endo
et al. PLOS ONE 2012], IntelliCage TlZ.
HHFEEF T (14~16 L) O~ 7 AKX
HIfR%E U725 2 T, KERE & LB
BAMWD Z LIZL Y, competition (2%
LI E ERALT AN TED, TITA
e T, #SBREERRRE (ED) 7 L~ U A
BWT, B THIRBR AT o722 A, D+
U RNEEA F xRV GG~ T A L EERIS, B
G REREVVIREE CIXIREIMERN K T LTV 5
ZEBHLMNERSTZ, SHIZED vURAT
I, EEMEOTLEZRIBR T 5T — X L7
(1),



2
=]

Num. Nose Poke
£x)
8 & 8 8 ¢

m.
Male Female
400

B "

100

s
(=3
o

=]
=1
o

-
o
o

-= Control

- Control
ok ED -~ ED

0

LI I B B B B A mm g
Trial 1 Trial2 Trial 3 Trial 1 Trial2 Trial 3

1. IntelliCage % A\ 7=ii4fTEhaRERIC L v
B S-S REREE (ED) ~ U ADO{TE)R
H.OFRCA A () ICBWTREN RSN,

WRIZ, AWM O —ERFINCREE & 5] &
BT MS ~ 7 ROV TG TERBR 217 -
72 ZA M = RIX, ED v U RRHK A 4
FUUIBRR~ T A LI, BRE N
REETIHIFEIENTLET 2 &V 5 L W HO
HSTERE 2R TR E2S, ZnbET
N TRCBNT, A M RGEIZED D
(LA FEBUAT 24T - T-hE 5L, AITEEZE & Rk
DOEBERIRE S DAL G-3 2 W REME 2 R
THRESZ, 5k, SMIEBSRIEE XA
XUUBRBHED A J = X h M@ LA
HERUIZOWT, S DI 2 LBEMEN R S
niz,

5. ERERHBLE
(WFFeARFeE . WFFEs 8 R OV EERF 225 |2
E Y

(FyER] GEoth)

LA~ —E7 EREOZ B, mIEEE., &L
TF&., #LIEL. IntelliCage (2K % Social
Dominance OFHAM, 5 17 [B] A A4TEFFREN
TR A EE S 2012 4£ 8 A 30
H (s, B F— o R).

2. N/ EEE, NS T R
JIE . $hLaES, mIUTR. FEHIKH &
TCDD B iE ~ 7 AT BT 2 R G BiPE DFTE)
2EHOEEAT . BREE AR LR SR 15 [BIRFZE %
£ 20124E12 4 18 B (A, HIEK
il B2 i)

3. N EEE, ARG F AR
N, BhLIEG, EILTFR. & E SR &

B A F xR~ 7 A OB E B A

%12 By 7 PR E TR 2 2013 4F 2
A1 B GWE-SIEH, o<iEA 7%
— A= g3 7 TH)

4. S. Benner, A. Haijima, Y. Zhang, R.
Kobayakawa, K. Kobayakawa, M. Kakeyama,

C. Tohyama . Abnormality in Fear—Related
Emotional Function in Mice Perinatally
Exposed to a Low Dose of TCDD, 52nd
Annual Meeting of the Society of
Toxicology (SOT) 2013 # 3 H 13 H
(Convention Center, San Antonio, Texas,
USA)

5. N —HIY- FEaEIE, NRJIS T R
&, #ibEn, ZUTE. BEPICKT
51K & TCDD B & 23 ~ 7 A DRI EhIEIC
KAFI 528 55 83 [a] H A AR A
201343 A 24 B (&R, &IRER TEK
)

(£ Dfth)
R i %8
http://env-health. m. u—tokyo. ac. jp/

6. HFFTkERR

(D) WFgEfFRE

L T3 (TOHYAMA CHIHARU)
HHURTY: « RFEPilE 5 R 2es - #z
WFgeE TS 10150872

@) Wt7esrEE 2L
W&o

(3) HfEMFEE 7oL
WHIEE &



