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 = 43.1 +1.86 495+ 30 ™ 45022 *
BW 204.0 £ 141 190.2 + 32.4 169.0 + 121 * 160.1 + 206 **
Females
No. of animals examined 12 12 4 12
Age by day 362+ 1.9 37.3+28 425+ 37 ** 36.7+34
BW 135.3 + 17.1 129.2 +26.7 98.1 + 214 * 856 + 21.0 **
Estrous cyclicity during PNW 811
No. of animals examined 10 10 4 10
Irregularity (ED/EE) 1/0 1/0 0/1 0/0

8 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 + 3222 451 = 307 332+ 26 347 + 368 *
Liver (g/100g BW) 3.84 + 0.25 3.86 £ 0.26 411 £ 0.38 4.03 = 0.16
Kidneys (g/100g BW) 0.67 = 0.03 0.64 + 0.06 0.76 £ 0.07 ** 0.67 = 0.05
Brain (g/100g BW) 0.47 + 0.02 0.47 £ 0.03 0.57 £ 0.04 * 0.57 £ 0.07 **
Pituitary (mg/100g BW) 345 + 0.22 334+ 04 3.33 + 0.27 3.63 + 0.49
Thyrbid (mg/100g BW) 543 + 0.82 6.66 + 1.49 9.36 + 1.82 * 767 + 1.03 **
Adrenals (mg/100g BW) 11.6 £ 2.27 1.3+ 2.1 10.7 £ 1.14 104 + 1.36
Testes (g/100 g BW) 073 + 0.08 0.88 + 0.09 * 122+ 008* 109 £ 0.01*
Epididymides (g/100g BW) 0.22 + 0.01 0.23 + 0.03 026 £ 003 ™™ 025+003™
Prostate dorsolateral (/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 + 351 *
Liver (g/100g BW) 3.34 £ 0.14 351 = 0.34 36 ¢ 0.23 3.59 £ 0.29
Kidneys (g/100g BW) 0.63 + 0.05 0.64 + 0.05 0.64 £ 0.03 0.65 + 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 % 0.91 496 + 09 419 £+ 048 * 464 £ 071"
Thyroid (mg/100g BW) 749 + 1.35 7.39 + 1.09 85 x 0.69 844 + 1.24
Adrenals (mg/100g BW) 238 + 3.63 20.2 + 493 21.5 £ 2.07 21.8 + 3.43
Ovaries (mg/100g BW) 28 + 3.36 319 £ 483 35.4 + 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 controls by Dunnett’s test or Dunnett-type rank-sum test (* p<0.05, **

p <0.01).



Table 7.

Serum levels of thyroid-related hormones of the 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
PND 21
No. of offspring examined 10 10 9 9
T3 (ng/ml) 122 + 01 b 0.97 = 0.31 025 + 003 * 043 £ 019 *
T4 (ug/ml) 472 + 0.84 1.86 = 0.41 1.06 + 0.32 ** 1.06 £ 0.44 ™
TSH (ng/ml) ' 6.80 + 2.11 27.38 + 1366 ** 2769 x 574 ** 3533 £ 1269 **
PNW 11
No. of offspring examined 10 10 6 10
T3 (ng/ml) 1.02 + 0.08 0.93 * 0.11 0.84 £ 0.10 * 0.88 £ 0.09 **
T4 (ug/mi) 511 £ 0.70 512 + 0.73 4.05 = 0.71 457 + 1.04
TSH (ng/ml) 9.81 + 3.16 9.10 * 3.25 7.75 £ 223 9.41 + 4.40
a N=7 for measurement of T3 and T4 levels.
b MeantSD.

Abbreviations: PTU, propylthiouracil, MM!, methimazole; PND, postnatal day; PNW, postnatal week.
** Significantly different from the controls by Dunnett’s test or Dunnett-type rank-sum test (** p <0.01).

Up-regulated (22-fold) Down-regulated (21/2-fold)

Fig. 12.
Venn diagram of genes showing altered expression in the hippocampal
CA1 of rats at weaning exposed perinatally to PTU or MMI



Table 8.
List of genes showing up- or down-regulation in the hippocampal CA1
common to anti-thyroid agents at PND 21 (22-fold or <0.5-fold, p<0.05)

Accession No  Gene title Symbol 12 ppm PTU 200 ppm MMI
Up-regulated
NM_013002.1 Purkinge cell protein 4 Pcpd 472 4.51
BI304009 Lysyl oxidase Lox 3.056 4.07
AAB51939 FXYD domain-containing ion transport regulator 6 Fxyd6 3.68 3.36
Bi303923 Similar to integrin, beta-like 1 2.62 2.23
NM_031315.1 Cytosolic acyl-CoA thioesterase 1 Cte1 2.44 2.24
Bl284420 Similar to retinoic acid-responsive protein; STRA6 2.25 2.35
NM_012892.1 Amiloride-sensitive cation channel 1, neuronal {degenerin) Acent 2.08 217
ESTs: 9
Down-reguiated
AA9S7477 Wingless-related MMTYV integration site 2 wnt2 0.26 0.45
NM_133303.1 Basic helix-loop-helix domain containing, class B3 Bhihb3 0.28 0.35
Al317821 Protein tyrosine phosphatase, non-receptor type 3 Ptpn3 0.31 0.33
BI282567 Kallikrein 8 (neuropsin/ovasin) Klk8 0.34 0.47
AAB91760 Similar to hypothetical protein 0.36 0.38
Al101322 Histone deacetylase 11 Hdac11 0.43 0.46
EST: 1

Abbreviations: PTU, propylthiouracil; MMI, methimazole; PND, postnatal day; EST, expressed
sequence tag.

Table 9.
Function of genes showing altered expression in the hippocampal CA1
common to anti-thyroid agents at PND 21

Function Relation with
brain development

Up-regulated genes:

Purkinge cell protein 4 sodium channel protein O
Lysyl oxidase crosslinks extracellular matrix proteins @)
FXYD domain-containing
jon transport regulator 6 jon transport regulator ?
integrin, beta-like 1 extracellular matrix protein @)
Cytosolic acyl-CoA
thioesterase 1 Fatty acid oxidation @)
STRAS Retinoic acid responsible gene, Wnt signal-mediated

Role for blood-organ barrier @)
Degenerin amiloride-sensitive epithelial Na channel O
Down-regulated genes:
Wingless-related MMTV
integration site 2 Wnt2 O
Basic helix-loop-helix domain
containing, class B3 transcription factor, neural differentiation-related @)
Protein tyrosine phosphatase,
non-receptor type 3 Cell growth related signaling molecule @)
Kallikrein 8 (neuropsin/ovasin) Extracellular serine protease

modulates neurite outgrowth and fasciculation @)
Histone deacetylase 11 associated with the thyroid hormone-ragulated

corepressor Hairless in neonatal brain O




Fig. 13.
Changes in the hippocampal CA1 neurons of rats at PNW11
exposed perinatally to PTU or MMI



Table 10.
Measurement of the area of corpus callosum and density of CNPase-

positive cells in the parietal cortex of male offspring at PNW11 exposed
perinatally to PTU or MMI until weaning

PTU (ppm) MMI (ppm)
Control 3 12 200
No. of animals examined 10 10 6 10
Corpus callosum
Area (mm?) 0.137 £ 0.014° 0.114 + 0.022* 0.08 +0.029** 0.093 £ 0.023*
CNPase-positive cells
Counts/mm? 144.0 £ 221 115.3 £17.5 92.6 £ 9.5 87.6 £6.8*
*MeantSD.

*, ** Significantly different from the controls at P < 0.05 and P < 0.01, respectively



Food intake (g)
[0)]
(@]

GD GD GD20- PND PND PND PND PND
10-15 15-20 PND2 2-7 7-10 10-14 14-17 17-21
Experimental period (day)

Fig. 14.
Food intake of dams exposed perinatally to DBDE during the period
from mid-gestation to lactation
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Fig. 15.
Growth curves during the lactation period of offspring exposed
perinatally to DBDE during the period from mid-gestation
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Fig. 16.

Growth curves after weaning for offspring exposed perinatally to
DBDE during the period from mid-gestation



Table 11.
Effects on dams and offspring until prepubertal necropsy of exposure

to DBDE during the period from mid-gestation to lactation
DBDE in diet (ppm)

0 10 100 1000
No. of dams examined 8 8 8 8
Maternal parameter
Body weight gain (g/day)
GD 10-GD 20 10.37 £ 155 s 1047 = 1.51 11.05 % 1.67 1099 + 1.04
PND 2-PND 10 46 + 1.17 559 + 1.92 5.06 £ 1.54 554 + 2.23
PND 10-PND 21 -0.23 + 0.86 -0.37 £ 1.37 -0.7 £ 1.74 0.14 £ 1.48
PND 21 .
BW (g) 302.0 + 25.3 302.3 + 21.8 3114 + 24.0 302.2 + 235
Thyroid weight (mg/100 g BW) 5.95 £ 0.56 720+ 0983 * 648+ 0.93 747 £ 108 *
Offspring parameter
No. of implantation sites 13.0+ 24 1314+ 1.5 124 £ 1.9 134 £ 13
No. of live offspring 124 + 26 121+ 1.7 115+ 24 1256+ 2.0
Male ratio (%) 475 + 16.2 53.7 £ 146 46.7 + 17.3 384x 70
BW, PND 2 (g)
Males 7.46 + 0.58 7.45 + 1.00 7.50 £ 1.06 7.07 £ 0.73
Females 7.05 + 0.57 6.99 + 0.87 6.92 + 1.10 6.69 + 0.82
AGD, PND 2 (mm)
Males 3.89 + 0.05 3.88 £ 0.29 407 + 0.47 3.84 £ 012
Females 1.93 + 0.14 1.87 + 0.02 1.93 + 0.01 1.78 £ 0.02
Relative organ weights, PND 21
No. of offspring examined 10 10 10 10
Males
BW (g) 516 + 6.2 55.8 + 4.0 52.7 + 6.0 54.0 + 3.0
Liver (g/100g BW) 3.62 = 0.26 398 £ 012 * 390 £ 029 * 439 + 027 *
Kidneys (g/100g BW) 1.08 £ 0.07 1.10 £ 0.04 1.09 £ 0.14 1.08 £ 0.08
Brain (g/100g BW) 294 x 036 272 £ 0.15 2.83 + 0.28 273 £ 017
Adrenals (mg/100g BW) 17.7 % 6.9 219 + 4.2 246 1 86 19.3 £ 6.7
Testes (g/100g BW) 041 £ 0.04 0.40 + 0.03 041 + 0.04 041 + 0.05
Epididymides (g/100g B\ 0.062 = 0.009 0.074 £ 0.045 0.068 + 0.047 0.056 + 0.012
Females
BW () 498 + 4.2 484 £ 7.3 48.0 £ 4.5 513 + 45
Liver (g/100g BW) 3.71 %+ 0.23 3.77 £ 0.26 3.80 + 0.26 431+ 020 *
Kidneys (g/100g BW) 1.16 = 0.06 117 £ 0.1 1.14 £+ 0.10 1.15 % 0.09
Brain (g/100g BW) 2.83 + 0.16 2.98 & 0.37 2.98 + 0.29 274 + 013
Ovaries (mg/100g BW) 333 + 179 29.0 + 8.1 349 + 154 315+ 64

Uterus (g/100g BW) 0.072 + 0.053 0.070 £ 0.015 0.069 £+ 0.016 0.067 + 0.013

7 Mean % 8SD.
Abbreviations: DBDE, decabromodipheny! ether; GD, gestational day; PND, postnatal day; BW, body weight; AGD

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




Table 12. |
Onset of puberty and estrous cyclicity of offspring exposed to

DBDE during the period from mid-gestation to lactation
DBDE in diet (ppm)

0 10 100 1000
Onset of puberty
Males
No. of animals examined 11 12 11 12
Age by day 411+15 2 40115 415+ 16 413 £ 21
BW 190 + 14 .4 192 £ 18.8 209 = 286 193 £ 19.2
Females
No. of animals examined 11 12 12 11
Age by day 351 +24 344 +£20 347 + 2.4 348 £ 24
BW 1215+ 899 126.0+19.8 1266 = 152 121.9 + 11.8
Estrous cyclicity during PNW 8§~11
No. of animals examined 10 10 10 10
Irregularity (Extended diestrus) 1 1 2 1
# Mean = SD.

Abbreviations: DBDE, decabromodiphenyl ether; BW, body weight; PNW, postnatal week.

Table 13.
Serum levels of thyroid-related hormones of the offspring exposed
to DBDE during the period from mid-gestation to lactation

| DBDE in diet (ppm)

0 10 100 1000
PND 21
No. of offspring examined 10 10 10 10
T3 (ng/ml) 139 +011 2 135 +0.15 1.33 £ 0.18 1.17 £ 0.10 *
T4 (ug/ml) 519 £ 0.74 489 +0.84 566 + 0.71 4.89 £ 0.54
TSH (ng/mi) 5.38 £ 0.89 5.12 £ 0.71 5.85 + 1.22 4,74 + 0.69
PNW 11
No. of offspring examined 10 10 10 10
T3 (ng/ml) 0.99 £ 0.09 1.01 £0.08 1.01 £ 0.11 1.02 £ 0.11
T4 (ug/ml) 6.02 £0.70 6.00 £ 066 598 £ 0.94 517 £ 057 *
TSH (ng/ml) 8.30 + 3.40 881 163 971 %345 1047 +2.35
a MeantSD.

Abbreviations: DBDE, decabromodiphenyl ether; PND, postnatal day; PNW, postnatal week
*** Significantly different from the controls by Dunnett’s test or Dunnett-type rank-
sum test (* p<0.05, ** p <0.01).



Table 14.

Body and organ weights of offspring exposed to DBDE during the
period from mid-gestation to lactation. PNW 11.

DBDE in diet (ppm)

0 10 100 1000
Males
No. of animals examined 10 10 10 10
BW (g) 4144 £223 2 44781241 * 4551 %229 4232+345
Liver (g/100g BW) 3.66+£0.18 365+ 0.20 362%0.10 3.42 £ 0.29
Kidneys (g/100g BW) 0.69 £0.03 0.67 £ 0.05 0.70 £ 0.03 0.66 £ 0.06
Brain (g/100g BW) 0.50 £0.03 047 £ 003 * 046+ 0.02* 0.50 + 0.04
Adrenals (mg/100g BW) 109+ 1.8 98+ 1.8 11.0+ 1.8 109+ 25
Testes (g/100 g BW) 0.74+£0.14 0.73+ 0.05 072+ 0.05 0.77 £ 0.04
Epididymides (g/100g BW) 0.24 +0.02 0.22 + 0.01 0.22 £ 0.02 0.24 + 0.03
Females
No. of animals examined 10 11 10 11
BW (g) 254.0 £20.8 260.4 £ 17.8 278.2 £ 26.7 267.7 £ 30.3
Liver (g/100g BW) 334+ 02 3.36 £ 0.28 3.44 + 022 3.45 1 0.35
Kidneys (g/100g BW) 068+ O 0.65+ 0.04 0.67 £ 0.04 0.63 £ 0.06
Brain (g/100g BW) 078+ 0.1 0.75 £ 0.06 0.70 £ 0.06 * 0.73 £ 0.06
Adrenals (mg/100g BW) 2112 22 204+ 3.1 197+ 34 207+ 30
Ovaries (mg/100g BW) 320+ 5.1 321+ 3.8 324+ 55 344+ 66
Uterus (g/100g BW) 0.19+£0.02 0.20 £ 0.06 0.16 £ 0.02 0.20 £ 0.05

? Mean x SD.
Abbreviations: DBDE, decabromodiphenyl ether; PNW, postnatal week.

* ** Significantly different from the controls (* p<0.05, ** p <0.01).

Table 15.

Measurement of the area of corpus callosum and density of CNPase-
positive cells in the parietal cortex of male offspring at PNW11
exposed perinatally to DBDE until weaning

DBDE (ppm)
0 10 100 1000
No. of animals examined
Corpus callosum
Area (mm?) 0.18 £0.03% 0.15+0.02 0.12+0.02 ** 0.13 £0.03 **
CNPase-positive cells
Counts/mm? 150.9 £23.0 137.7+10.8 1224 +£13.9 ** 1249 £13.0 **

** Significantly different from the controls (**p<0.01).



Table 16.
Body and organ weights of dams at weaning in the preliminary
dose-finding studies of HBCD and TBBPA

HBCD (ppm) TBBPA (ppm)
Control 1000 10,000 1000 10,000
No of animals 3 3 3 3 3
Body weight (g) 337.7443.0  342.7£21.8 334.5+53 344,9+39.2 340.6+20.2
Thyroid (mg) 17.61£2.5 19.4+£3.3 21.0+4.9 15.544.3 23.2+3.6
Thyroid (mg/100g BW)  5.2310.76 5.64+0.61 6.28+1.53 4.4410.74 6.81+£0.79
Liver (g) 16.9+1.7 16.4x0.8 18.5+0.4 16.5+2.4 16.2+1.1
Liver (g/100g BW) 5.0+0.3 4.8+0.3 5.5+0.2 4.8+0.1 4.8+0.1

Table 17.
Pregnancy and delivery-related parameters in the prellmlnary
dose-finding studies of HBCD and TBBPA

HBCD (ppm) TBBPA (ppm)
Control 1000 10,000 1,000 10,000
No of animals 3 3 3 3 3
Duration of
pregnancy (d) 21,706  21.3:06  22.0:0.0 21.0:00  21.7:0.6
No. of
implantation sites 147812 13.7¢12 140420 13315  13.3£25
No. of pups
aiarg? 143106  12.7206 13.742.1  13.0¢1.0 12.0+2.6
No. of dead
offspring 0.33+0.58 0 0 0 0.33+0.58
Male ratio 44 1+21.6 60.2+9.7 42.5+10.0 28.1%11.1 55 5+1.7
Body Weight Food intake
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Fig. 17.

Growth curves and food intake of dams during exposure in the
preliminary dose-finding studies of HBCD and TBBPA



Fig. 18.
Histopathology of the thyroid lesions of dams exposed to HBCD or
TBBPA during the period from mid-pregnancy and lactation

Table 18.

Histopathological grading of diffuse follicular cell hypertrophy of
dams exposed to HBCD or TBBPA during the period from mid-
pregnancy and lactation

HBCD (ppm) TBBPA (ppm)
Control 1000 10,000 1,000 10,000

Diffuse follicular ceil (2,1,0,0) (0,2,1,0) (0,0,2,1) (1,2,0,0) (0,2,1,0)
Hypertrophy (-/&/+/++)




Table 19.

Anogenital distance of offspring at PND2 exposed to HBCD or
TBBPA during the period from mid-pregnancy and lactation

AGD (mm) HBCD (ppm) TBBPA (ppm)
Control 1000 10,000 1000 10,000
Males 3906020  3.93:023 3.93:0.06 3.70+020  4.07:0.15

Females 1.93+0.06 1.93+0.06 1.93+0.06 1.87+0.12  1.93£0.06
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Fig. 19.

Body weight of offspring exposed to HBCD or TBBPA during the
period from mid-pregnancy and lactation
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