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Effects of perinatal exposure to the brominated flame-retardant
hexabromocyclododecane (HBCD) on the developing immune system in rats

Akiko Hachisuka®, Ryosuke Nakamura, Yuji Sato, Rika Nakamura, Makoto Shibutani, Reiko Teshima

To evaluate the developmental immunotoxicity of brominated flame retardant,
hexabromocyclododecane (HBCD)
dietary concentrations of 0, 100, 1000, 10000 ppm from gestational day 10 to postnatal day 21
(postnatal week 3, PNW3). At PNW3 and PNW11, lymphocytes in the spleen, thymus, and
peripheral blood of male pups were subjected to flow cytometric analyses for expression of
surface markers (CD3, CD4, CD8a, CD25, CD45RA, CD71, and CD161 (NKRP1A)). The spleen
and thymus weights, and number of white blood cells of two organs did not change between
HBCD-exposed and control groups at PNW3 and PNW11. A significant decrease in thyroid
hormone T3 and increase in serum albumin concentration were observed at PNW3 and lasted
until PNW11. By flow cytometric analysis, the dramatic change was not observed in the
population of the splenic and thymic T/B lymphocyte between the HBCD treated groups and
control group. In the peripheral blood of BNW3 rats, the population of activated T cells was
decreased and that of inactivated B cells was increased. And the population of NK cells in the
spleen was decreased. All of these changes were mild in degree, and returned to the normal
levels by PNWI11. Production of anti-KLH IgG antibody after KLH immunization was reduced
by the 10000 ppm HBCD treatment. These results suggest that developmental exposure to the
highest dose of HBCD had a weak immunomodulatory effect at PNW3, and most of the
immunomodulatory effect had recovered to normal levels by PNW11.

, maternal Sprague-Dawley rats were given HBCD at
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Fig. 1 Effect of perinatal exposure to HBCD on the body weight and the immune-related organs weight of offspring
Dams were fed ad Iib HBCD-containing diet from gestational day 10 to PNW3. The body weight (a, b), spleen wight (c, d),
and thymus weight (e, f) of the male offspring at PNW3 and PNW11, respectively. Means (n=10) = SD are shown. There

was no significant difference (Dunnett, p<0.05).
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Table 2 Hematological changes in male rats perinatally exposed to HBCD

group WBC RBC HGB HCT MCV MCH MCHC PLT
PNW 3 x 10%/ul x 10%/ul g/dl % fL pg g/dL x 10*/ul n
M-1 (control) 353+11.3 327.7+22.7 5.19+0.69 20.00+1.81 61.05*4.23 15.85+1.90 2592+1.93 118.92+19.50 10
M-2 (HBCD 100 ppm) 30.9+10.0 336.8+30.2 5.83+0.87 21.59+1.85 64.25+4.31 17.32+2.32 26.85+2.33 121.77+11.28 10
M-3 (HBCD 1000 ppm) 475+118 * 3281+240 576 +0.73 2116 =2.07 64.50 =4.27 1755+1.77 2717+1.19 128.38 +11.06 10
M-4 (HBCD 1000 ppm) 396+79 322.3+237 598+1.18 21.57+3.24 6671626 * 1846+267 * 2755+1.94 12399 +22.54 10
PNWI11
M-1 (control) 821+178 758.6 = 63.6 14.27+1.93 46.74 =379 61.64 = 1.63 1878 2,01 30.49 =329 108.85+9.88 10
M-2 (HBCD 100 ppm) 109.8+30.8 * 786.5+30.4 15.60+0.59 4803+1.79 61.07+1.23 19.85+0.32 3247 +0.50 111.32+12.15 10
M-3 (HBCD 1000 ppm) 1100+29.3 * 8151+553 * 1596+082 * 4929+3.32 60.48 = 1.16 19.59 +0.50 3242+082 117.26 +13.72 10
M-4 (HBCD 1000 ppm) 1034+34.1 766.4 = 39.6 1527 £0.56 4642+2.16 60.61 = 1.30 19.94+0.60 3290046 * 12397+19.15 * 10
Values are mean = SD of 10 rats. * <0.05 (Dunnett's-test)
Table 3 White blood cell classification in male rats perinatally exposed to HBCD
group n Lymp Seg Eosi Mono Band Ebl
PNW3 % % % % % n
M-1 (control) 9 7888 +4.74 1973 +4.77 0.61+0.74 0.61+049 0.0+0.0 0.06+0.17
M-2 (HBCD 100 ppm) 10 79.02+3.18 19.63+3.26 0.60+0.46 0.75+0.63 00+0.0 0.48 +0.66
M-3 (HBCD 1000 ppm) 10 81.69 +3.81 1721 +4.19 045+0.37 0.65+0.75 0.0=0.0 0.26 +0.37
M-4 (HBCD 1000 ppm) 10 81.41 +4.06 1742+4.50 0.36+0.50 0.81+0.90 00+0.0 1.00+1.45
PNWI11
M-1 (control) 10 84.64 =546 1351+5.15 0.90+0.94 0.95+0.69 0.0=0.0 0.05+0.16
M-2 (HBCD 100 ppm) 10 84.27+4.88 13.33+4.67 150+1.15 0.90+0.70 00+0.0 0.00+0.00
M-3 (HBCD 1000 ppm) 10 87.56 +4.33 1044 +3.79 1.05+093 0.95+0.64 0.0=0.0 0.05+0.16
M-4 (HBCD 1000 ppm) 10 86.44 = 3.36 11.86 +3.34 0.75+0.68 0.95+0.50 00+0.0 0.00+0.00
Values are mean = SD. There was no significant difference (Dunnett, p<0.05).
Table 4 Effects of HBCD on subpopulations of immune cells
T cell subpopulations
Spleen3w Spleen 11w Note
HBCD: 0 ppm 100 ppm 1000 ppm 10000 ppm 0 ppm 100 ppm 1000 ppm 10000 ppm
CD3(+) CD8a(+) 684+1.3 8.15+1.88 7.22+152 6.6+144 1342271 18+4.21" 152+354 184+458 | CD8 T cell
CD8a(+) CD4(-) 6.86 +0.95 8.12+216 6.99+142 643+144 1442 +2.23 18.54 +4.34* 16.85+4.31 18.87 +4.82* | CD8
Activation of T/B cells
Thymus 3w Thymus 11w Note
HBCD: 0 ppm 100 ppm 1000 ppm 10000 ppm 0 ppm 100 ppm 1000 ppm 10000 ppm
CD3(+) CD7L(+) 2.67+087 246+0.8 1.82+0.55" 187+1.15 0.92+097 0.74+051 1.02+0.84 1.04+0.7 active T cell
Peripheral Blood 3w Peripheral Blood 11w Note
HBCD: 0 ppm 100 ppm 1000 ppm 10000 ppm 0 ppm 100 ppm 1000 ppm 10000 ppm
CD3(+) CD71(+) 1351 +347 14.01 +2.16 11.81 +1.96 104 £2.02* 145+0.54 1.35+0.6 1.27+047 132024 | active T cell
CD71(+) CD45RA (+) 20.79 £4.03 20.24 =297 2308+177 | 2581284 | 2091579 19.65+7.81 2294+6.7 21.22+5.22 | Inactive B cell
Treg, NK, NKT cells
Spleen3w Spleen 11w Note
HBCD: 0 ppm 100 ppm 1000 ppm 10000 ppm 0 ppm 100 ppm 1000 ppm 10000 ppm
NKRP1A(+) CD25(-) 11.36 +0.79 1155+1.19 11.25+1.67 9.99+1.11" 2147247 2147+39 2328 +4.29 20.77+2.33 | NK cell
NKRPIA (+) CD4(+) 6.47 +0.61 6.28 +0.81 6.4+131 5.63+0.81" 1253 +1.88 12.89 +1.85 13.78 +2.66 1309+1.72 | CDANKT
NKRPIA(+) CD4(-) 5.75+0.35 6.06+1.09 5.65+0.87 5.09+0.76" 10.63 +1.63 9.97 +344 11.38 =247 944+239 | NK cell
Thymus 3w Thymus 11w Note
HBCD: 0 ppm 100 ppm 1000 ppm 10000 ppm 0 ppm 100 ppm 1000 ppm 10000 ppm
CD25(+) CD4(+) 7.7+257 5.15+0.94" 7.69+1.27 7.85+2.85 416+1.09 3.98+0.87 441+0.76 432+122 | Treg
NKRP1A (+) CD4(-) 0.07+0.03 0.07+0.03 0.06+0.02 0.07 +£0.05 02+0.04 0.2+0.05 0.25+0.09 0.27+0.08" | NK cell
Peripheral Blood 3w Peripheral Blood 11w Note
HBCD: 0 ppm 100 ppm 1000 ppm 10000 ppm 0 ppm 100 ppm 1000 ppm 10000 ppm
NKRP1IA (+) CD25(+) 0.12+0.03 0.1£0.03 0.09+0.02 0.08 +0.04* 0.27+0.07 0.23+0.08 0.27+0.07 025+0.09 | CD25NK

*p<0.05, **p<0.01
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Table 5 Serum levels of thyroid-related hormones of the offspring perinatally exposed to HBCD

HBCD in diet (ppm)

0 100 1000 10000
PNW3
No. of offspring examined 10 10 10 10
T3 (ng/ml) 109 + o011 * 113 =+ 012 106 = 008 093 = 010 *
T4 (ug/dl) 439 + 093 420 = 077 478 + 049 420 += 052
TSH (ng/ml) 540 = 062 666 =+ 124 607 =+ 141 700 =+ 131 *
A/G ratio 217 = 043 234 = 059 208 + 034 193 += 070 °
albumin (g/dl) 355 = 018 362 = 025 362 = 016 384 = 015 "=
PNWI11
No. of offspring examined 10 10 10 10
T3 (ng/ml) 096 = 006 093 = 007 08 + 005 = 08 =+ 006 *
T4 (ug/dl) 477 = 070 484 + 059 521 £ 065 520 = 098
TSH (ng/ml) 474 = 062 581 = 172 536 = 111 496 = 080
A/G ratio 186 + 024 189 = 029 174 + 016 170 = 014
albumin (g/dl) 353 = 032 363 = 029 382 = 034 400 + 039 *
* Mean = SD.
> n=9

Abbreviations: HBCD, hexabromocyclododecane; PNW, postnatal week.

* xk
’

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

Table 6 Histopathology of the thymus and spleen of male and female rats perinatally exposed to hexabromocyclododecane (HBCD)

HBCD in diet (ppm)

0 100 1000 10000
HBCD 3
No. of animals examined (male/female) 10/10 10710 10/10 10/10
Thymus
Increased starry sky appearance (*)* 0/0° 0/0 4*/0 1/0
Spleen
Atrophy of white pulp () 0/0 0/0 0/0 1/0
Reduction in the number of white pulp (%) 0/0 0/0 0/0 1/0
HBCD 11
No. of animals examined (male/female) 10/10 10/10 10/10 10/10
Thymus
Increased starry sky appearance () 0/0 0/0 0/3 0/0
Reduction of cortical area(*) 1/2 0/0 1/1 4/3
Spleen
No abnormalities detected 10/10 10/10 10/10 10/10

Grade of change; *, minimal.

" Total No. of animals with each finding.

*

Significantly different from the controls by Fisher's exact probability test (*p < 0.05).
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Fig. 2 Effect of HBCD on the antibody production of the
offspring

The HBCD-exposed female offspring were challanged with
501g of KLH with 1 mg of alam twice after ceasing
exposure on postnatal day 23 and 33. Serum was obtained
1 week after final immunization, and the IgG titer to KLH
was measured by ELISA. Open circles represent individual
values, and gray lines indicate mean values. In the highest
dose (10000 ppm), the antibody titer against KLH decreased
in comparison with the control group significantly (Dunnett,
p<0.05).

Table 7 Immunity-related influences exposed to HBCD (a)
and DBDE (b)
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liver weight 1
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peripheral active T cell
peripheral inactive B cell
serum T3 level
serum TSH level, albumin

1000ppm 10000ppm

— — > — — —
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serum albumin t
PNW3-7

KLH-antibody production |

b) DBDE 100ppm
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spleen active T, B cell
spleen CD4+ cell
serum T3 level
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serum T4 level !
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