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Abstract

Maternal exposure to dioxin produces a number of developmental toxicity, such as growth
retardation and defects in sexual dimorphic behaviors in offspring. Our previous studies have found
that the toxic effects induced by 2,3,7,8-tetrachlorodibenzo—p-dioxin (TCDD), a highly toxic
congener of dioxins, are due to a reduction in the pituitary expression of growth hormone (GH) and
luteinizing hormone (LH) during the fetal period, via activation of the aryl hydrocarbon receptor (AHR).
In this study, we examined whether 2,3,7,8-tetrafluorodibenzo-p-dioxin (TFDD), the analog of
TCDD in which chlorine atoms are replaced with fluorine atoms, can antagonize dioxin toxicity. In
T47D cells, TCDD (0.5 nM) dramatically increased the activity and expression of cytochrome P450
1A1 (CYP1AL), a representative gene induced by AHR activation. However, TFDD co-treatment
suppressed the induction in a dose-dependent manner. Its median effective dose (EDso) was estimated
as 45.9 nM. In contrast, although exposing 1 pg/kg TCDD to pregnant rats attenuated the expression
of LHB and GH mRNA and induced the expression of CYP1A1 mRNA in the male fetal pituitary, daily
oral administration of TEDD (1 mg/kg/day) to the TCDD-exposed dams did not have any suppressive
effects. These results suggest that maternal treatment with TFDD, even at 1,000 times the dose of
TCDD, cannot block dioxin—produced developmental toxicity in fetuses.
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DUEPRIOREE B L, mEEy A x v
THh 5 2,3,7,8tetrachlorodibenzo-p-dioxin
(TCDD) O3EHRE T2 ET7 v REFIZEHR L
72 2,3,7,8tetrafluorodibenzo-p-dioxin (TFDD)
FERLY. 51, BEMT  MCEHED
TFDD ###%5-L T, #1414+ F 2 U iko 2k
HFYEERRE AW LR R LY. 2 2 TARBF
F2ClE, TFDD 234 1 4 & ¥ Y12 X 2B HEMERIC
XL CHITE 20 m0aMins L 08 L ~v
THETTAZ R HWE L7z SifEETIZ N
FTIZ, R T v b~ TCDD BEFEA MR T
TR BV THEEARINVE > (growth hormone ;
GH) 76 NIZHEMAEIEHK A )V E >~ (luteinizing
hormone ; LH) D&M AT S5 2 & THIER
IR ERRRETHEEZZRI T2 L2 /Al
LCwa ¥ z2=¢ AfkMIZBIF 5 TFDD
OEFERHOMENCIE, FRoOBEORLVE S L
NVORT 2 fafE L L7z,

X B 75

1. EEA#

TFDD (purity : > 99%) (&, Mkl L3RS
HIZEELLCAR L b5 HA LY. Corn
oil 1X, MOFHASHOHWRMmAEFH L2 it
7 v b CYPIAL PufRIELHFZEEIC BV TAERK S
n72b o, BXUOPL f-actin HufkE Biovision Fk:
OB mZEEALTHEH L. 2oftoaEE L,
FEEICHE L -MEO L0 EMH L7z, TFDD i,
100 g TFDD/mL acetone & & L CTHEH £ T
“30C IZRFF L 72 G122 corn oil &
ML7z05, EF T AESIZT acetone X H % L
7z.

&

2. ipaiEE

v FELDAMIIERRTH B T47D Mifigid, 48 %
7L — MIZHEFE L, Dulbecco's modified eagle
medium (10%“FIGRIMEEH) H12T37C, 5%
CO &M FTHE#EL., 7L— MNEERANOHMIE
D &R L7-0L, TCDD (0.5nM, 0.5%
DMSO (2 CTHEfE) 2N L 755 /2@ L T8
A MAE L /2. TCDD ALFE 1 BRRI#2, TFDD
(10*nM~10"nM, 0.5% DMSO V&%) % 55
FICRINL TEH I 23 Bl EZRIT -0 b,
M2 FN L7z, %8, sHHEEE 0.5% DMSO

e
T
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AL L CHEEBRICEZE L7 BEZOMIIE,
50 mM Tris—HCLIZTH&& L, LITFOFEERICHE L
7z.

3. CYP1A1 EMHAIE

T47D #2125 5 CYPIAL {&HEE, IR
I2HEvy, T-ethoxyresorufin @ O-fit. 7 )V 3 WAL
Je 2 & AU 5 resorufin O HGHRE % HIET 5
LA DEMLA (Y 544 nm s Ml
590 nm). HENIAMRIR D ¥ > 287 Bk L, Low-
ry TP ICTER LA BUSICHVA Y V87 8
w8 L OSRHIE, &50 LoRMEHETICL -
THEL, S0 ug BL U2 W & L7z,

4. CYPIA1 2 /N EHH

TA47D MifuEfm P o CYPIAL OFME X, 1
A 70y MEICL S THENFLEY. F 7
loading control & L CB-actin ® % > /37 & % [A]
RploBet L7z, BESKENIC W 7o laas i o &
N, 5 pg/lane & L7,

5. ENpEER

KWFFEC BT B FEERIL, JUIN RSB S 5R
ZEHRIC X 2 EBETHOKE 72 L THERMB L
7z. Wistar &7 v Mi&, SRS & 0 A
L7z, WD T v N & —BpagBl L, FEIENICHE
TR I N4, FOH %R (gestational
day ; GD) O HH & L7-. GD1512, TCDD (1 p
g/kg/2 mL Corn oil) % H.IAHEHG- L7z, xR
#121E, Corn ol DA % ¥ 5- L 72. GD16 2° 5
GD19 OBk LC, —H—[[ TFDD (1 mg/
kg/day/2 mL Corn oil) & %\ Corn oil % #FI1
B5 L0t GD20 OMERRIE & 0 T A% R
L7z,

6. U7ILZ4LRT-PCR %

RNeasy kit (QIAGEN #t) (2 CHEEM MK X
) total RNA # i L 72® %, PrimeScript RT
reagent kit with gDNA Eraser (% /1 751 +%1)
VT cDNA 24K LY. Shaghme L,
Fast SYBR Green Master Mix (Thermo-Fisher
Scientific f) #HWTHR S > /37 H® mRNA
UL ZHEN L7, ¥ —7 v F mRNA Ok
MZSHEL, #NENOEET D threshold cycle
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Fig. 1 Effect of TFDD on the TCDD-produced induction of the expression (A) and activity
(B) of CYP1ALI protein and the constitutive activity of CYP1A1 (C) in T47D cells. (A)
The level of CYP1A1 protein was determined by immunoblotting. (B and C) The CYP1A1
activity was analyzed by an ethoxyresorufin-O-deethylase assay. Bars are the means +

S.EM. of 4 cultures.

(Ct) fili% B-actinmRNA @ Ct i CHIEL72D b,

control |Zxf 3 2 &4 & L CTAT L 72.
& =

TFDD 25fif L NV T A F F 2 KR 72
AHR IEHEALICH L CHIBUEH 2 7R 30 & 2 % B
ST sz0, RFEMR AHR EAEETTH S
CYPIAL ® % ¥ 37 E3H 5 & IR TE %
/L L THET 21T o 72, MEtoki %, T47D #
fa~ 0.5 nM @ TCDD JL# i X 5 CYPIAL %
Yoy BEEB L O NCEEREEOFHEX, TFDD
B & =T 100 nM PLE T AR A L H0 )
SN EMAEE SN/ (Fig 1A and B). A
&Y, TCDD KR 7% CYPLAL {MEFEEC
xf9 % TFDD @ 50% HEE AL, 45.9 £ 3.1
nM & E &N/, —F, TFDD B T ik
CYPIALl O FEBEMEMEICREB IS 2 b o7
(Fig. 1C).

IR o TCDD BEFE I X 2 RIE DK IV E K
DTSR $2 TFDD O/ME 2 HEE L 72, £
OFEF, GD15 OIART v h~® TCDD Hi[al#E ]
52 & o THER RN TR D GH 72 & NI
LHB mRNAZHUIM T v LK F @M %R L 72
7%, TSR LT TEDD #FHIC X 2 Bsh F
RSN e h o7 (Fig 2). 512, TFDD ®
BE L TCDD #4717 CYP1A1l mRNA 5317
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BICH L CHREr RS holz (Fig 2). Mz
T, A#EITIE TCDD @A AAFIRIERE A=
WA &5 & 2R L7225, TFDD O ff i
S L CHEE L h o7 (Tablel). %8B,
TCDD B L O TFDD (&, RIS E, HilkE=2
LRI AERE LR ELYS 2 ol
(Table 1).

Z =

AWMFETIEE I, AHRZBBE LI A+ %
YINEMW R R THBIkRTH 5 TATD Ml % Fwv
T, TFDD O ¥ A F F 3 A xbd 2 i H % 1
L7, Zok%E, TFDD (3 LB KA 12
TCDD #&AfF 7% CYPLIAL L )V 0538 % ] 4
HZEMWHEENII o7, X612, £D 50%RH
#®1345.9nM TH Y, TCDD OB L% 90 55 H
BEAET LI LRSI TFDD I, v 7 A
JEREN AN D512 X - T 24 B 2 12 BFlg L X
VAR 1~2% 2 E TR S 5 577,
TCDD 13458 D 10% 12 EE DS I b5+ 519
INOOHAEEEE 2, KW TIREIREAA~D
TCDD #45-m® 1,000 f5 & H=® TFDD * —H
— (Al IAERE %5 L, TCDD O WA 123§
LEEPUER MG L7z, 205, AifsEclwv
G 5EtETICBWTIE, B o GH/LHR
mRNA FEBAET % & O°12 CYP1A1 mRNA F§H
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Effect of maternal exposure to TCDD and TFDD on the pituitary

expression of mRNAs coding for GH, LHB3, and CYPIAl in male
fetuses at gestational day (GD) 20. Pregnant rats at GD15 were orally
treated with 1 g g/kg TCDD or corn oil and treated with TFDD (1
mg/kg/day) during GD16 and GD19. Bars are the means = S.E.M. of 3
pooled fetal pituitaries, which were removed from different dams.
Significant difference between the pair indicated : *p < 0.05.

Table1 Effects of maternal exposure to TCDD and TFDD on the litter size, sex ratio, and body and placental weight of

fetuses.
Treatment Sex Litter Size Sex ratio Body weight (g) Placental weight % of BW
(% male) (mg)
Control 13.7%0.9 48.6 = 7.0
Male 6.7+1.2 3.83 = 0.11 4838 = 3 12.8 £ 0.3
Female 7.0=1.0 3.62 +=0.14 453 = 2 12.6 £ 0.4
TCDD 11.3+1.2° 52.8 7.4
Male 6.0+1.2 3.74 = 0.10 510 = 18 13.7 0.7
Female 5.3 1.2 3.45 = 0.07 487 = 58 14.1+1.6
TCDD + TFDD 11.7+ 1.3 57.6 = 4.2
Male 6.7+1.2 3.75 +0.22 528 = 15 14.2+0.5
Female 5.0 %0.3 3.57+0.14 471 = 44 13.2+0.8

Each value represents the mean = SEM. of 3 dams. *Significantly different from the control (p < 0.05).

FEOVWTIUIH L TH TFDD 352 &
BT Eehro7z. BEKTERIZ AHR mRNA
FERESSBL AR AR O T T L B VWK EET
B L TH Y, LHB mRNA OB T X AHR
RAFIE S 519 ft> T, ARFFEIC BT Bk
TOME T 100 580 TFDD 12 X » THEPUEH
BRONIFHELEDLETELL L, KIS
&7z TFDD 7%, J&RHEE A CHRPUEM 274
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RN EZONL. BRI ERG S
TCDD (&, #%5&? 0.01~0.1% 2 W& RIBITT
5 EHESNTW L2 TFDD 0%
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MU IS o 2B %2 S 5. TFDD O
RN TOMEDH T KGOV 5720, o EALR
H o TFDD LRV EIEREICERT 5 2 L0545k
PETH 5.

5

TCDD B8 = %\ 728k 7 v MIZX L T,
1,000 f=® TFDD % —H—m#E %5 L T b,
TCDD &A1 7% 5 & GH/LH mRNA FEHKL T 12
XL THEITE W LRSI Nz

ARGEO—RI, JEAETH BB AN TR R B 4
(B D% - R AR R 7R FR) GREHE
5 - H24-frdn-1R7E-014 B & OF H27- A dh 4R 0E-
017) 12k -7z
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