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2 Soy-free diet/tap water
2
2
2 9 ppm PTU
2 12 ppm PTU

Fig. 1.
Preliminary dose finding study of methimazole (MMI), propylthiouracil (PTU), and
decabromodiphenyl ether (DBDE) by a perinatal developmental exposure protocol using rats

Group No. of f } I } i

dams GD3 GD10 PND1 PND21 PNW11
eaning)
v

Control  1-8 (8) I SF diet | CRF-1 |

MM 9-16 (8) | sF diet | MMI, 200 ppm in water (SF diet) | CRF-1 |

PTU(H) 1724 @) CRE-1 |
PTU(L) 25-32(8) |_SF diet (NN 3 ppminwater() | CRF-1 |

¥ Sacrifice
Parameters to be examined Abbreviations:
- Implantation (PND21) MMI: Methimazole
- Body and organs weights (Dams and offspring) (PND2) PTU: Propylthiouracil

- Offspring count (PND2)

- Feed and water consumption (throughout the experiment)

- Puberty, vaginal opening, and estrous cycle

- Histology and immunohistochemistry (PND21 & PNW11)

- Serology (T3, T4, TSH) (PND21)

- Gene expression profiling in hippocampus and corpus
callosum by microarray and real-time RT-PCR (PND21)

Fig. 2.
Developmental exposure study of anti-thyroid agents using rats to establish an evaluation system of the
brain retardation due to hypothyroidism
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Abbreviations: DBDE, decabromodiphenyl ether; SF, soy-free.

Parameters to be examined
- Implantation (PND21)
- Body and organs weights (Dams and offspring) (PND2)
- Offspring count (PND2)
- Feed and water consumption (throughout the experiment)
- Puberty, vaginal opening, and estrous cycle
- Histology and immunohistochemistry (PND21 & PNW11)
- Serology (T3, T4, TSH) (PND21)
- Gene expression profiling in the hippocampus and corpus

callosum by microarray and real time RT-PCR (PND21, males)

Fig. 3.

Developmental exposure study of decabromodiphenyl ether (DBDE) using rats to establish an evaluation
system of the brain retardation related to hypothyroidism

Aposp il G} Gfﬁ10 PI\iD1 PN=D21
dams — (Weaning)
Control 1-3@3) | Soy-free (SF) diet
TBBPA-L  4-6(3) | SFdiet | TBEPA. 1,000 ppmindiet |
remeAt 7609
HBCD-L 10-12(3) | SF diet | HBCD, 1,000 ppm in diet |
A

HBCD-H  13-15 (3)

Parameters to be examined A Sacrifice (All animals)
- Implantation
- Body and organs weights (Dams and offspring)
- Offspring count
- Feed consumption
- Histopathology of liver and thyroid (Dams)

Fig. 4.

Preliminary dose finding study of tetrabromobisphenol A (TBBPA) and hexabromocyclododecane
(HBCD) by a perinatal developmental exposure protocol using rats



< Area of corpus callosum>

Fig. 5. « [5EHERE

Morphometry of white matter components in rats exposed developmentally to anti-thyroid
agents or brominated fire retardants

<Control> <MMI# 5>

Fig. 6.
Morphometry of hippocampal CA1 neurons of rats exposed developmentally to anti-thyroid agents or
brominated flame retardants.
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" A LA FEryyy LAAAMN
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¥ Saciifice
Abbreviations: HBCD, hexabromocyclododecane; SF, soy-free.
Parameters to be examined

- Implantation (PND21)

- Body and organs weights (Dams and offspring) (PND2)

- Offspring count (PND2)

- Feed and water consumption (throughout the experiment)

- Puberty, vaginal opening, and estrous cycle

- Histology and immunohistochemistry (PND21 & PNW11)

- Serology (T3, T4, TSH) (PND21)

Fig. 7.

Developmental exposure study of hexabromocyclododecane (HBCD) using rats to establish an
evaluation system of the brain retardation related to hypothyroidism.

Group No. of % I 5 I t 4
dams  GD3 GD10  PND1 PND2 PND21 11w
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(8 pupslitter) v v
Control 1-8 (8) | SF diet ] CRF-1 I
TBBPA-L 9-16 (8) |_sFdiet [ TBBPA,100 ppmindiet (SFdiety . | CRF-1 |
TBBPAM  17-24(8) [_sFdiet [ BBPA, 1000 ppm indiet() | CRF-1 |

TBBPAH 2532 (8) L_SF diet |02 AP A 00 s et e o] CRF-1 j

v Sacrifice

Abbreviations: TBBPA, tetrabromobisphenol A; SF, soy-free.

Parameters to be examined
- Implantation (PND21)
- Body and organs weights (Dams and offspring) (PND2)
- Offspring count (PND2)
- Feed and water consumption (throughout the experiment)
- Puberty, vaginal opening, and estrous cycle
- Histology and immunohistochemistry (PND21 & PNW11)
- Serology (T3, T4, TSH) (PND21)

Fig. 8.
Developmental exposure study of tetrabromobisphenol A (TBBPA) using rats to establish an evaluation
system of the brain retardation related to hypothyroidism.



[ Materials ]

Acetonitrile (HPLCF) BE{EE%REH

Hexane (HPLCH) B3 T R &4t

Ethyl acetate (HPLCH) MAMETERSH

H20 (ultra pure water) FILH /7 &4t

Nitrogen gas s BEHESSH
Tetrabromobisphenol A (standard) B TS
Tetrabromobisphenol A ring-'3Cy2 Cambridge Isotope Laboratories,Inc.

Fig. 9.

(internal standard, 1S)
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[ LC system ]

Liquid chromatograph
Column

Mobile phase
Flow rate
Sample volume
Injection volume

[ MS system ]

Mass spectrometer
lonization

SRM

Fig. 10.

NANOSPACE SI-2 (Shiseido)
Capcell Pak C4s MG I
(Shiseido 1.5%150 mm , 5 um)
Acetonitrile/H,O 70/30 (viv)
200 pL/min

50 pL

10 uL

API 5000 (Applied Biosystems)

ESI(-)
TBBPA m/z 542.7—m/z 78.8
TBBPA-3C4; (IS) m/z 554.8—m/z 78.9

TBBPARZERBAEE{To1-LC system, MS system® £ .



Tissue homogenate

| Addition (acetonitrile/H;0 70/30 (viv)}
| Additionanis (5 ng)

l Homogenization

l Extraction (hexane)

Conditioning sup
(aceto:I[' rile,H20) l
abselut NEXUS
Washing
{H:0, acetonitrile/H,O 40/60 (v/v) , hexane}

1 Elution (ethyl acetate)
l Nitrogen purge

| Dissolution {acetonitrile/H;0 70/30 (viv)}
LC/MS/MS

Fig. 11. Procedure of the extraction of TBBPA from tissue homogenate



Table 1
Toxicity parameters of the preliminary dose finding study of MMI,
PTU, and DBDE

MMI (ppm in diet) PTU (ppm in diet) DBDE (ppm in diet)

Control 200 250 9 12 60 80
No of dams 2 2 2 2 2 2 2
BW at PND21 (g) 335.4+41.6 309.8+29.7 301.6+41.5 310.1+83.2 332.4+2.8 332.1+16.9 337.9+26.3
Thyroid (mg) 13.7¢1.1  67.3422.1 76.2422.6 47.3+15.6 50.847.6 13.33x0.4 20.3%2.1
&gy:r'?lgogBW) 4.120;2 © 215851 | 26.034.1,  15.441.0 153£22  4.0£03 8.1%1.1
Implantation
trace 1411 1611 1441 1441 1520 15¢1 1511
No. of offspring
at PND21 12.0£14 188807 © 9.5835 '112.640.7 14540.7 14.580.7 13.510.7
Offspring’ BW

at PND2 (M+F) 15.7#1.2 10.7+0.4 128429 14.1+1.0 12.7+01 13.0+1.3 15.2+0.0

@ Males © Females

Y — - — 70 R

60 =

50 50 |7

40 40

30 30 |

20 20

10 f 10

0 P2 : P i P10 P14 P17 “ 21 ” . P2 7 P10 P14 7 5

Fig. 12.
Growth curves of offspring perinatally exposed to MMI, PTU, or
DBDE. Changes during the lactation period.



Fig. 13.
Histopathology of the thyroid lesions of dams exposed to MMI, PTU
or DBDE during the period from mid-pregnancy and lactation



Table 2.
Thyroid weight of dams exposed to DBDE during the period from mid-

pregnancy to lactation. The 2nd preliminary dose-finding study.

DBDE (ppm)
Control 10 100 10,000
No. of dams 3 3 3 3
Body weight (g) 282256 "N82LE127 WA 18  WFTx 217
Thyroid weight
Absolute (mg) 187+ 0.5 eed 23 210+ 1.4 217+ 34

Relative (mg/100g BW) 6.3 £ 0.45 7.38 £ 0.89 6.89 + 0.23 7.00 £ 1.27

Table 3.
Thyroid histopathology of dams exposed to DBDE during the period from

mid-pregnancy to lactation. The 2nd preliminary dose-finding study.
. ; b DBDE (ppm)
Histopathological finding Control 10 100 10,000
No. of dams . | 3 3 3

Diffuse follicular cell hypertrophy
(£ 1+) 0 1(1/0) 2(2/0) 3(2/1)
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Fig. 14.

Water consumption and food intake of dams during exposure to
anti-thyroid agents |
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Fig. 15.
Growth curves of offspring perinatally exposed to anti-thyroid
agents. Changes during the lactation period.
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Fig. 16.

Food consumption of offspring after perinatal exposure to
anti-thyroid agents until weaning
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Fig. 17.

Growth curves of offspring after perinatal exposure to anti-thyroid
agents until weaning



Table 4.

Effects on dams and offspring until prepubertal necropsy of
exposure to anti-thyroid agents during the period from mid-gestation
to lactation

Anti-thyroid agent in the drinking water

Untreated control 200 ppm MMI 12 ppm PTU 3 ppm PTU
No. of dams examined 8 8 8 8
Maternal parameter
Body weight gain (g/day)
GD 10-GD 20 M2 £ 1.A3* 10.00 = 166 1042 + 1.34 11.61 £ 1.34
PND 2-PND 10 486 + 166 427 + 159 348 + 1.59 566 + 1.38
PND 10-PND 21 -0.67 + 0.96 0.97 £ 0.71 0.83 + 1.04 021 + 142
PND 21
BW (g) 3048 + 19.1 305.0 + 26.3 3022 + 19.0 3227 + 16.8
Thyroid weight (mg/100 g BW) 6.04 = 1.17 1964 + 448 ™ 18.01 + 468 * 885 + 1.58
Offspring parameter
No. of implantation sites 130 + 1.6 136 + 14 130 £ 1.6 139 £ 1.7
No. of live offspring 128 £ 1.6 125 £ 21 123 + 2.0 129 £ 14
Male ratio (%) 478 + 96 508 + 149 415 + 85 493 + 91
BW, PND 2 (g)
Males 757 + 0.92 6.56 + 0.59 6.95 t 0.83 747 + 0.76
Females 7.22 + 0.94 6.24 + 061 6.63 + 0.83 6.78 t 0.74
AGD, PND 2 (mm)
Males 402 + 025 395 + 0.15 414 + 0.35 397 £ 022
Females 1.91 £ 0.10 1.88 + 0.07 1.96 * 0.13 1.83 + 0.09
Relative organ weights, PND 21
No. of offspring examined 10 10 10 10
Males
BW (g) 522 + 4.4 351 225 ™ as9 £ 29 - 468 + 8.4
Liver (g/100g BW) 362 + 0.22 391 + 039 3.50 + 0.30 343 + 028
Kidneys (g/100g BW) 1.10 + 0.09 1.10 £ 0.09 1.17 £ 0.08 1.06 + 0.07
Brain (g/100g BW) 282 * 017 400 + 028 ** 400 + 033 * 320 £ 042 *
Adrenals (mg/100g BW) 200 +87 223 + 865 148 % 95 174 +£73
Testes (g/100g BW) 041 + 0.63 026 002 * 026 % 0.04 ™ 029 + 0.04 **
Epididymides (g/100g BW) 0.062 + 0.01 0.0889 + 0.028 * 0.078 % 0.02 0.0764 = 0.017
Females
BW (g) 531 + 26 841226 * 45232 = 458 £ 55 **
Liver (g/100g BW) 363 £ 0.15 385 + 0.29 360 + 025 347 + 0.04
Kidneys (g/100g BW) 112 1z 0.09 1.12 £ 0.09 1.20 % 0.08 111 £ 0.07
Brain (g/100g BW) 274 = 0.14 403 +£ 035 ™ 403 033 ™ 314 032 *
Adrenals (mg/100g BW) 148 t 67 194 + 74 166 + 7.1 186 = 12.0
Ovaries (mg/100g BW) 382 + 156 342 + 207 242 + 1486 359 + 118
Uterus (g/100g BW) 0.055 £ 0.014 0.064 + 0.017 0.058 + 0.018 0.056 £ 0.014
“ Mean £ SD.

Abbreviations: PTU, propylthiouracil; MMI, methimazole; GD, gestational day; PND, postnatal day; BW, body weight; AGD, anogenital
* ** Significantly different from the controls by Dunnett's test or Dunnett-type rank-sum test (* p<0.05, ** p <0.01).
* Significantly different from the controls by Fisher's exact probability test (p <0.01).



Table 5.

Onset of puberty and estrous cyclicity of offspring exposed to anti-

thyroid agents during the period from mid-gestation to lactation
Anti-thyroid agent in the drinking water

Untreated control 3 ppm PTU 12 ppm PTU 200 ppm MMI
Onset of puberty
Males
No. of animals examined 11 12 6 11
Age by day 405+10 = 431 +£16 4964 30 *™ 450+22 ™
BW 204.0 + 141 190.2 + 324 169.0%+ 121 * 1601 £ 206 *
Females
No. of animals examined 12 12 4 12
Age by day 36.2+19 373128 42537 ™ 38134
BW 1363 £ 171 129.2 £ 26.7 981+ 214 * 8686 & 210 *~
Estrous cyclicity during PNW 811
No. of animals examined 10 10 4 10
Irregularity (ED/EE) 1/0 1/0 0/1 0/0
“Mean + SD

Abbreviations: PTU, propylthiouracil; MMI, methimazole; PNW, postnatal week; ED, extended diestrus; EE,
extended estrus.

* ** Significantly different from the controls by Dunnett's test or Dunnett-type rank-sum test (* p<0.05, ** p <0.01).

Table 6.
Body and organ weights of offspring exposed to anti-thyroid agents
during the period from mid-gestation to lactation. PNW 11

Anti-thyroid agent in the drinking water

Untreated control 3 ppm PTU 12 ppm PTU 200 ppm MM
Males
No. of animals examined 10 10 6 10
BW (g) 452 + 322 » 451 + 30.7 332 26™ 347+ 368"
Liver (g/100g BW) 384 + 0.25 3.86 + 0.26 411 £ 0.38 403 £ 0.16
Kidneys (g/100g BW) 087 £003 0.64 + 0.06 0.76 £ 0.07 *™ 0.67 = 0.05
Brain (g/100g BW) 047 + 0.02 047 + 0.03 057 2004 0O57T x 00T ™
Pituitary (mg/100g BW) 345 £ 0.22 334 + 04 333 + 0.27 3.63 + 049
Thyroid (mg/100g BW) 543 £ 0.82 6.66 £+ 1.49 936 £ 1.8B2™ 767 103 *
Adrenals {mg/100g BW) 1186 + 227 113+ 211 107 £ 1.14 104 £ 1.36
Testes (g/100 g BW) 0.73 £ 0.08 088 + 009 ™ 122+ 008*™ 109 % 0.01™

Epididymides (g/100g BW) 0.22 + 0.01 023 + 003 026 + 003 * 025 0.03 *

Prostate dorsolateral (g/100 g BW 0.13 £ 0.02 0.12 + 0.02 0.13 £ 0.03 0.14 + 0.03
Prostate ventral (g/100 g BW) 0.12 + 0.02 0.11 + 0.03 0.12 + 0.05 0.12 = 0.03
Seminal vesicle (g/100 g BW) 0.26 + 0.03 0.24 = 0.05 0.28 = 0.03 0.27 + 0.04

Females

No. of animals examined 10 10 4 10
BW (g) 282 + 226 279 + 21.3 237 + 221 * 247+ 851 *
Liver (g/100g BW) 334 = 0.14 3.51 + 0.34 36 £ 023 3.59 + 0.29
Kidneys (g/100g BW) 0.63 = 0.05 0.64 + 0.05 0.64 + 0.03 065 £ 0.05
Brain (g/100g BW) 0.68 £ 0.06 0.7 + 0.06 0.77 £ 0.04 0.76 + 0.08 *
Pituitary (mg/100g BW) 58 + 0.9 496 + 09 419 £ 048* 464 £ 071 *
Thyroid (mg/100g BW) 749 + 1.36 7.39 + 1.09 85 % 069 844 + 1.24
Adrenals (mg/100g BW) 23.8 + 3.63 202 + 493 215 £ 207 218 £ 343
Ovaries (mg/100g BW) 28 + 3.36 319 = 483 354 £ 6.61 375+ 6.75
Uterus (g/100g BW) 0.21 + 0.08 0.18 + 0.02 0.23 = 0.08 0.18 £ 0.03 *

“ Mean £ SD.

Abbreviations: PTU, propylthiouracil; MMI, methimazole; PNW, postnatal week.
* ** Significantly different from the confrols by Dunnett’s test or Dunnett-type rank-sum test (* p<0.05, **

p <0.01).



