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Abstract

Maternal exposure to dioxins causes a number of developmental disorders in the offspring. Previous
studies have suggested that lactational exposure to 2,3,7,8-tetrachlorodizenzo—p—dioxin (TCDD)
reduces the pup level of thyroid hormone after weaning, leading to the damage to their development
including neural maturation. However, the specificity for age and dioxin congeners as well as dose
dependency in terms of a reduction in pup thyroid hormone remains to be clarified. To address this
issue, we investigated whether TCDD or 2,3,4,7,8-pentachlorodibenzofuran (PenCDF), one of the
dioxins which caused ‘Yusho incident, affects the status of thyroid hormone during the fetal and
neonatal periods. Treating pregnant rats at gestational day (GD)15 with 1ug/kg TCDD scarcely
affected the serum concentration of thyroxine, although a significant reduction by TCDD was detected
at limited endpoints [GD21 and postnatal day (PND)21]. In addition, maternal exposure to TCDD
(0.05-30ug/kg) or PenCDF (1-1,000ug/kg) did not have any change in the serum level of thyroxine
in GD20 fetuses even at the maximum dose. Neither the expression of pituitary thyroid-stimulating
hormone f (TSHf) nor hypothalamic thyrotropin-releasing hormone was sensitive to TCDD
treatment. In pregnant dams, TCDD decreased the serum level of thyroxine at GD20 and 21, while the
pituitary expression of TSHf was induced. These results suggest that a single administration of
dioxins to pregnant rats at GD15 have little effect on the level of thyroxine in the fetuses and infants,
while a reduced level of this hormone observed in the offspring at GD21 and PND21 and pregnant
dams at GD20 and 21.
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WEEZHS WA LT HIC BV TRAEY 22
SO RIEY AR ENT WD, X512,

TUREDREEZ R E LIEFEIZ L - T,

TAFF L VEIZL A FROBEE~OREX, T
BOBFHROMELR AT VHEHIZLDTIE
B ENLWRENEE STV Zo
LA, A FT Uk B EBREOKREMY
EZMUTED PR OMEEL, b MR O
Ra#s L TEHLBEEGZIETH 5.
CNETOMRICKY, REHEDOF A4 F
YT b 2,3,7 8 tetrachlorodizenzo-p-dioxin
(TCDD) % ##z (gestational day;GD) 15 HH®
Sy MG THZEICEY, EILIEICBW T
HHURBERVE VIREPRT T 52 L E
SRTWRW 5 IR, MR B & 0L
B Ok 7 TCDD ALER | X o TRMA D HURR
FRIVEZPETL, ThEMBLTROLNVE
BAT A ENRRVEERTWRY . chs
BHE L C, b MEERFICBOTYH, Aol
A G X VHHIRE LIRS S\ I3 A R o
BRI ARV E VIR I IZBE OB S 5 2 L 2%
HENTVRIDE  HURIRR OV E 213, 0%
ERERIEBCEETHL e s 51
XY UARENOARRVE KT RES L LTH
FRE2ERETLEO¥EFPIRBEALTY
B0 an L REOEEREN & 7B
FWIZEDFE I BEFLAD R A2 R & L Tfrbh T
BY, FA44F 2 roRERAED EoRH 25
FURBR AV E » 2 305 2 O 2 50 1T S
TWiaw, E52, TCDD DD 7 A4 % i
L ABEERLREI SN TR, Shs 25 H
2952 L, BEEREICBITA2HRREALVE Y

BADOHFEGEZR S, 5 ETHEHELREINS.

Z T TCARWIBETIE, MR T v b~ TCDD HiA|
FE P G- 23 o M AR ROV & 2 RIE T 28
OB S 223 5 & 312, 2,3,4,7,8-
Pentachlorodibenzofuran (PenCDF) 2%z /2o
HHURBR ROV & VIR B % T T Er 2 T L
72,

® B B &
1. EERM#
TCDD (&, AccuStandard #: (New Haven, CT,

USA) L hBEA L7, PenCDF %, 4 0i#iFon

AT

13205 %

A2 | ZHOWTER L7z, Cornoil 1X, BROE
WASHOTRmE A L. ZofoildEi,
EERICHELMEOLO R L.

2. YRR

TCDD (99% > purity) 3 & U° PenCDF (99%
> purity)?? 1%, 40ug TCDD/mL acetone & %
1% 130ug PenCDF/mL acetone i & L CfEH F
T-30CIZPRFF L 72, HERICVZE corn oil &R
L7205, acetone X EHR N AT ZEL T
L7z

Wistar AT v b (7 8k B L OHEET v
N (10 ) 1%, Btk St (RE IR ST)
IVEEAL. MHET v a2 —BCE L, FHE
WIZKHEF2 R S 72 H % GDO & L7z. GDI5
|2, TCDD (0.05-30ug/kg) B & U PenCDF (1-
1,000ug/kg) Wi EE, Iy hba—Le LT
corn oil Vil & H[AI#E 145 L7z, GD17~21 B X
U2 (postnatalday ;PND) 0, 4, 7, 10, 14, 21
BLU28HHOW X D HURTHE, MM HEASL X
OMyE xR L 72, F72, GD16~21 OFHk LY
B N EER S X OV 2 BRI 72, $RICL 72 i,
FimICT2RMEERELZOL, 4T, 3,000
rpm (2T 15 73 O BE 2 AT lilig & L7z, g
b L OMIEE, EHE T-80 CITiRTEL 72

3. U7JL3ZA L reverse transcription-poly-
merase chain reaction (RT-PCR)

mRNA #EHEIL, VT7IV¥ AL RT-PCRE%
FI TR L 722, i L 7=kt L 1, RNeasy
Mini Kit (QTAGEN GmbH, Hilden, Germany) = H
W T total RNA % #fi f} L 7z. Total RNA I3,
PrimeScript RT reagent kit with gDNA Eraser
(8 71 T34 R att, W IRKET™) 2 W T,
INFHAEFICHE > T cDNA 2GR L7z ) 7V
% 4 4 PCR IZ1%, Fast SYBR Green Master Mix
(Life Technologies 1, Carlsbad, CA, USA) % fi#i
ML, RUSgEME [95C, 20 #4041 7 )L (95
T, 3H-60C, 30f)] & L7 ZoORLODEL,
PR REY) ONE TN 2 MERE T B 720 | 2R M (95
T, 15#-60C, 145-60t095TC (0.3C3 > LA,
H158)] 2ER L2 FHLZT T4 ~—BY)
(& Table 1 12/R"3. HWEEZFOREHREIZ, B
—actin (209 A AHRME & L CRET L 72
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Table 1 The primer sequences used for real-time PCR

Target Forward (5'=>3) Product  Accession
mRNA Reverse (5—>3) size (bp) No?
TRH TTGTGGAAAGACCTCCAGCG 127 NM_013046
CTCCCCTCTCTTCAGCTTCA
TSHp CAGAACGGTGGAAATACCGG 157 NM_013116
GAATGTCTGTGGCTTGGTGC
f —actin CACCATGTACCCAGGCATCGC 122 V01217
AGCCACCAATCCACACAGAG
4Genbank accession No. is shown.
4
3.5
5 Q O Control
@ TCDD

Serum concentration (ng/mL)
N

18200 4 7

14 21 28

GD

PND

Fig. 1 Effect of maternal exposure to TCDD (lug/kg at GD15) on the serum
concentration of thyroxine in male pup.
Pregnant rats (GD15) were orally treated with TCDD (1ug/kg). Each plot
represents the mean + S.E.M. of 3-4 pups which were removed (born)
from different dams. Significantly different from control : *p < 0.05.

4. Enzyme-linked immunosorbent assay (EL-
ISA)
I 5 free-thyroxine (T4) # X, L ®

free-Thyroxine ELISA Microwells (Monobind #,

Lake Forest, CA, USA) & H\WT, WAFaHZEIC
PEo THlE L7z, FRYEIE I 2 B L IR KIS T
SfEAR L CHEH L 72,

= R

GD15 O#EARZ v b ~® TCDD Hi|l#E ¥ 5-
AHEVEB L O A o i HURR ROV E SRR
G2 5B 2zoMBRNEZHONIT 5720,
B O AR TR M Ty 5 % 2
L7z, Z0OfE%, TCDD diE R Mic By
oM T EICIZREREE 5 279, A

BRI (GD21) B X OEEFLIEH] (PND21) 12815
—@YEOWL % ERT B o7 (Fig 1), &
512, TCDD $ & UF PenCDF £1kHE 7 7° GD20
JEWR D Ty LAIVIZH 2 2 58 L Z ORI
EIRAT L7oRE R, WA 3 vkicundhoi
FEIZBWTHHEIFD LN o7z (Fig 2).
NS DRERENPS, GDI5 OIIRT v hAD & A
F % HELEIC X B FUIRER SOV E VAT,
Bl d GD0 T TIIEL RV L, WOTE
BV TOREIEL W LWL R
ol Lol REFICBVWTY lug/kg
TCDD RHABEFEIC X 0 BEFLIED Ty LV 0jsd
DHEER S, BRI L —F L RS S R
7z.

T, & T OB 020, BIEB L OHAR
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Serum concentration (ng/mL)
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Fig. 2 Absence of the effect of maternal exposure to TCDD (0.05-30ug/kg)

or PenCDF (1-1,000ug/kg) on the serum level of thyroxine in male
fetuses at GDZ20.

Pregnant rats (GD15) were orally treated with TCDD (0.05-30ug/kg)
or PenCDF (1-1,000ug/kg). Each bar represents the mean + SE.M. of
3-4 fetuses which were removed from different dams.
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. 3 Absence of the effect of maternal exposure to TCDD on the

hypothalamic expression of TRH (A) and pituitary expression of TSHf
(B) in male pups.

The expression of target mRNAs was normalized by £ -actin mRNA.
Each plot represents the mean + S.E.M. of 4-10 pups which were
removed (born) from different dams.

WZBWT TyH KO EALHIEH KT 2 IR T L7z, ZofEE, WARVE BEIIHT 525
O)Eﬁ«lkﬁﬁﬂiﬂzﬁin%ﬂ/% YRV~ (thyrotro- EWTFNoOBHICBWTLEEBE I 72
pin-releasing hormone ; TRH) I UM T A D (Fig. 3). —7J7, TCDD 23tHAD I T4 i I12
R BRI 81 R OV € > (thyroid-stimulating hor- J T B 2 T L 728 R, GD20 B & U8 GD21
monef ; TSHB) D@ TIBUIKR T 5 528 % fif KBWTHEEBEIKTTAZEDPHLLE T2
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Fig. 4 Effect of TCDD (1ug/kg at GD15) on the serum concentration of
thyroxine (A) and the pituitary expression of TSHf (B) in dam rats.
Each plot represents the mean = S.E.M. of 4 rats. Significantly
different from control : » < 0.05 and ~ p < 0.001.

(Fig. 4A). TR FEMIZBT % TSHE mRNA
SFEHULFELIC TCDD I X h#icsinL (Fig
4B), T T4 A2 X B FEEA~D 7 1 —
RNy 2 Dizd ez 5Nz,

% =
KIFFETIX, A4 F T VM REREIIBIES X

AR O Ty B T T 08 % AT L 72,

ZOFER, GDI5 BHEAND ¥ 1+ F 2 VRIS,
GD20 ¥ CoORREB LU DI Ty B I2I1E
EREE RIZET, HMAERB X OHEFLIOR
EINTEEIZBWTOR Ty LNV EKT S
LI EDBHLNIR o 512, GD20 IR
T4 L XVid TCDD B & O PenCDF 2 EHE
EEIZL->TY
INSHDRERDPS, KBENIIBITA25 A4+ F 2~
BESETICBWTIE, KRES X UHAEROHIR
BBV E L AVITHTS 2 BN S W L
s ol RAIZINE TS, AL THW
72 AFF T VPG TH B GDI5 BfE~D 1
ug/kg » TCDD MLELIZ X b, GD20 LLai & v s
312 B W T luteinizing hormone (LH) B £ O
growth hormone (GH) #%#&4 L, HAEROEF
PREEIND 2 LY 0N TCDD & FBEIC
PenCDF 2 X » T b HEKAFHIZIEE LH/GH ©
WADPRE LI EEEXEDTVEY . fiEtsT,

R Z T RN LSRR S N,

(49)

JEIRB L OFAEIRD Ty ~OFE LI NE~NDE
BLIB L TN L, WIREO S A 4 %2 L
LB 235D RIE R E RO R BREITR LT
EHIRIR AV E VB DOFGIID v L AR <
RgE gz —7, #EFLERICB W TIL LH % GH
DETRBE SRV EHSTD wAMTH
% PND21 & TR FIZERTE 2w nrd Ltk

v, Lar L, PND28 I21E Ty il h5i k4 5 FHE
2H, ZNO—BMEOWLREEREEIZEDEE

HFHTLNEEO R EET S,

TCDD (35 B L O A B OME T & TRH
BLOTENR TSHE I HE L RIT ST, 1T
RO & A F %2 VBEFEZIROFRIERIVE V&
BHIBERIC R L RIT S enwE &, S —#
DI TLEEOERTIZINS OEBTIXFWT
EBWVI EAURE SN BEHO T v b HIRER
WERFATH Y, MEHE2SER 3 BROMIZHV
EVHWAEE LY. Fhbb, BEMIZBNT
LG E A L CRATS A BHAHR O &)V E ¥ 5
WRTOEFEEMEREL, BEICEERE LR
TIENMONTWVE? . KRS Iz X<
FHELTEY, BEHO T, LAVIZRE L [FRE
BT DA, MAEERICHEE AL, GD20 B
L OGD21 OEHMETO T & I HAEE RIS
JRERTHUIETFT L. 512N Ef#E LT, GDI
O EEFLIICE S TR TCDD BE I
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Lo, GD16 & V) R THkfit L CTRHMEDH
WERAVECIMETL, ZhEMBEL TROFRL
EVLRVPBATH I EDIRENT NS,
Aigat L IFIBRZERCHRSE LR 228, L) BEwvE
FE T ORI & o THIREHRISRED A U256
WX, IBERH AR ORI AR VE 2 L
TRBENOFBIFEENLEERDNSL. e b
i, B HENICEEIrOHMEDO YA 4 F
YR LT A RED S, R O R 22 K
HEREICL2BTORREAILVE Y ~OEZED
BFHEAZWHEICT A LD MRIRAD ) 27 %
EZLLTEETHS.

TCDD 2EEFLIE O FIRPE A IV E ¥ 2 &5
FERE 12 1x, UEIEE 3% ©dH 5 UDP-glucuronosyl-
transferase (UGT) OFFENF G55 5 W HEMEA R
WHIE TV Fe i, IR O BRI
fBIC BT UGT BN 5 2 & 2R L
TBEY BAWDOAL S TRAED TLET D,
UGT IZ X 2R OTLEN—DDERTH b L&
ZHbN5. SHITKMETIX, #FLETRDOLN
% Ty D) PND28 IZIZBEICEET A& D
R L7z, —#&ic, #AENLTRICBIT T
AT xRy rElE BEIOSBITTA2EDR 150
fEIZD DIRD 720 FLIRMOHEITIZHE> TH A
T E T R, LRI E 2RSS
2% ftoT, PND2L I2BWTIE, #1414+ F
VIBENE WO T O UGT HHAFHE S
N Ty PMETT 2755, DBEIZTA 5> VikED
BFICE BN ELI-EEZONSL. ¥4 F
FULICE o CHEHBEICHFESNLBIZT TH D
CYPIAL @ TCDD f&A£ /4 7 5831 1 57-%°, PND14
O A RHIRTEH CIEBINIZAE L 525, PND28
ICBWTIIEEREIC LT 2EE 0P Rk
B L CHFET D,

]

GD15 DR T v v ~DF A+ F 2 VBRFEIL,
GD20 £ TORREILEIZFLIROHIRE AV E » L
NVNITEE Y RIF ST, RRBEEATIZBWT
WEHIRBE AR V& U ANDOREIT/N ST LS
27 o7z,

8

e
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