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[55] HREERBE (BDE209) FIHA K BEEZMNG B AER, MIRAFHERHAESAKEEL
FRERHIFAHARESENEEREA,

[E89] $RZ2 BDE209 X S A /K RN, MUNEE SAZEELEBDE209 1 F A HERES
MERREIER,

[757%] 60 R ICR M B FEA 99 9 0. 225, 900 mg-kg™ BDE209 FH4H, R MINGROEE &
. BDE209 EFRIBERFE 21 K. ENMHIEAIXE 24 RF KR, 38T Morris 7KK S 2301
FREINCIZEEST, FREEEE &R0 E F B A M5ZE (PROG). 30-5a IS,
Z2ff (30-5a-THP) . Bt S RIEER (DHEA) . Z2IHEZER (PREG) 7K, KA IC-1 R AIRE N F
ESp A= S VAL A== NIV

[453R] KASERERET | SARBBARAEEINFRECEMNSHZ TEBE, SII4E
1RHELE, WERE 4K, SHERA. 225 mg-kg! ZE 4 900 mg-kg* Zr 5 LA W BE B REA 3 51T
[%51.34%, 27.20% #1 16.87%, KIXZ R 5K, 225, 900 mg-kg RFHRRFH RIS
XTERZAMELEL 93 5 P& 51.81% F167.47% , RIR(EBH BN B TFE 48.45% M1 77.47%, FEFE
RE BB 64.29% F1 75.00% (38 P<0.05) o AENHEA S AIQNER TR, SITERAMLL :
225, 900 mg-kg™ % 2 £H PROG 43 3 T % 36.51% 1 69.28%, 30-50-THP 73 Bl T F% 31.84% #1l
57.43%, DHEA 933! FF% 31.13% 0 60.15%, PREG 235! P& 31.17% 1 68.07% (¥ P<0.05) 0 I
BEHASENNERER, SWBAMLL : 225, 900 mg-kg! 23540 PROG 77 3l FF% 29.49%
#163.44%, 30-50-THP %3 B! T P& 25.12% F1 53.71%, DHEA 43 5! F B% 29.09% #1 56.97%, PREG
PH TR 25.39% F147.07% (39 P<0.05) o BELENAREEE A NLERER ¢ 225, 900mg-kg?
RBALNAREBR A SXTIRAME 535 TP 10.06% F 25.58% (33 P<0.05) 6

[451¢] BDE209 EFEMEZ R BS54, ZMHHA BDE209 R E Al REET I R 142 S A ZEEL M TP
HlFERFSICIZEEN.
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Effects of decabromodiphenyl ether exposure during pregnant and lactating periods on
neurosteroid and learning and memory ability of offspring mice JIANG Rong-juan’, ZHAO
Chao-chao? WANG Cheng-giang?, SONG Jia-le?, QIAN Bo? (1.Department of Ultrasound,
Affiliated Hospital of Guilin Medical University, Guilin, Guangxi 541000, China; 2.Department
of Environmental Health and Occupational Medicine, School of Public Health, Guilin Medical
University, Guilin, Guangxi 541000, China)

Abstract:

[Background] Decabromodiphenyl ether (BDE209) has neurodevelopmental toxicity, but the
associated mechanism is not clear. Previous studies have shown that neurosteroid disorder may
be one of the main reasons.

[Objective] This experiment explores the effect of BDE209 on neurosteroid levels, and the role of
neurosteroid disorder in neurodevelopmental toxicity induced by BDE209.

[Methods] Sixty female ICR mice were randomly divided into 0, 225, and 900 mg-kg* BDE209
exposure groups. After conception, the pregnant mice were administered with BDE209 by oral
gavage to 21 days after offspring birth. Twenty-four offspring mice of each group were selected,
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their learning and memory ability was tested by Morris water maze, their levels of progesterone (PROG), 3a-5a-tetrahydroprogesterone
(3a-5a-THP), dehydroepiandrosterone (DHEA), and pregnenolone (PREG) in brain and serum were detected by enzyme-linked
immunosorbent assay, and mitochondrial membrane potential in hippocampus was detected using a JC-1 fluorescence probe.

[Results] The water maze experiment results showed that the escape latencies of the designed groups decreased with prolonged training
days, and the decreases on day 4 versus day 1 of the control group, the 225 mg-kg” exposure group, and the 900 mg-kg™ exposure group
were 51.34%, 27.20%, and 16.87%, respectively. On day 5 of the water maze experiment, compared with the control group, the number
of quadrant crossing of the 225 and 900 mg-kg™ exposure groups were decreased by 51.81% and 67.47%, the quadrant staying time by
48.45% and 77.47%, and the number of platform crossing by 64.29% and 75.00%, respectively (P<0.05). The brain neurosteroid test
results showed that compared with the control group, the PROG of the 225 and 900 mg-kg™* exposure groups were decreased by 36.51%
and 69.28%, the 3a-5a-THP by 31.84% and 57.43%, the DHEA by 31.13% and 60.15%, and PREG by 31.17% and 68.07%, respectively (P<
0.05). The serum neurosteroid test results showed that compared with the control group, the PROG of the 225 and 900 mg-kg™ exposure
groups were decreased by 29.49% and 63.44%, the 3a-5a-THP by 25.12% and 53.71%, the DHEA by 29.09% and 56.97%, and the PREG
by 25.39% and 47.07%, respectively (P<0.05). The mitochondrial membrane potential test results showed that the mitochondrial
membrane potential of the 225 and 900 mg-kg™* exposure groups were decreased by 10.06% and 25.58% compared with the control
group respectively (P<0.05).

[Conclusion] BDE209 has neurodevelopmental toxicity, and BDE209 exposure during pregnancy and lactation may inhibit learning and
memory ability of offspring mice by inducing neurosteroid disorder.

Keywords: decabromodiphenyl ether; neurodevelopmental toxicity; neurosteroid disorder; learning and memory

% ;R B X Bt (polybrominated diphenyl ethers,
PBDEs) TE /ARSI A sV =ik 5 EAE
EEENER, BESEMHUEENREESE S
REE BRI HHTREE TR Y, ARIESE,
PBDEs NMYEBBEEMHAIEMN. £EFHEURASD
WFIMIER, R ERYEHITEMEE Y, 92
RAPEMAFIGIMIR KBk, 7R ZEKBTE (B ESIR
BEAL) FERERTIARFAUEN SEIHELE
EREHZLER, BFEESHEFNEVRA BT
JREXEKBE (decabromodiphenyl ether, BDE209) {J37A7E
HE. NESARPEZRGSEMGER B, mFEFR, AKX
FEA R R #THG W PBDES, MBS HRE L BDE209 £
=, BIABDE209 X AL ABIF IR/, BEE4)) LA T
FEIRAFAMEFHNF OR TR T IEME BDE209
FEENXMEBES TR A ARAIMES)) B BDE209
FEKERAMMNESTEEY, MEKAREHBIREZ
MFEA BDE209 R B RIEM FRIAK. BHLB#MH "
Ak, 53 BDE209 N X ESMMS VI AR
+HREENMEMBEFE N,

BOE209 E B HAEMNA N B TIMEE, MHE
Ao RAERRBR0ONEBELESHNHZ
BRINEEMRRAA. FEEAZE—XETRAS
BRI IIEAERHEMMEREHANBERADN
KEBEBERERBITEY, TEEXTEES
1K Z2 % B2 BF (pregnenolone, PREG). fi = & I BF
(dehydroepiandrosterone, DHEA) LA Kz 31 14 & {4 22
Ef (progesterone, PROG). 3a-5a 4 & Z Ef (3a-50-

tetrahydroprogesterone, 3a-5a-THP) 2, fH42 & {AHE
BELERTHAESHAARBERE S FBEERZE
B5REMERALE. FICICERUKRBELE RN
SHIBILIZE R, M5 BDE209 N M T EF M RIA
MSMSEIE I INELF), BDE209 RIS @I M &/ R 2
MEEHEENRIA, BEFEAN PROG B RLER 1,
ZEEERASEEE, MPROGHEZFHEA LK
ERBFIEYIR ®, R IR IET BDE209 AJ AE
KB FHHESENEREMEERAENLEN
INEEFE AL, AT R Z AR EREARIINLL, TH*
FBDE209 TN EHE HENIREERIHEST
(Rt A T b 2 37 22 MR A BDE209 /N R S8 EY,
BN F BRE SHEIZEE . MESAKT. B 4L
RARREBAI T, P IRERPLHRIBDE209 BEFE A
AR BEENEYNE, 59 BDE209 L2 MM
QTN U AB X D AEIRERITIRESE KR,

1 MHE5HEE
1.1 Z=MHA BDE209 REiERIET

60 I MERFNICRBERR (22~24g, M TFHEMEZE R
Sh¥SEBe T ty) FEVLD AXTERA. RFIELMSTE
A, §ER 20, shEHAM R SEHA ICR if R F 0
UL BT 2 1 BERE, K H 8 R EEE.
RARN 12 AR BRI, FEAEER (PEWLR
E71) 1E N E K8 ¢ A% BDE209 (4HFE >99%, < [H
Sigma) , ZR[1EB#F., BT ABHF A HAYBDE209
SEIRAK (1.25~620ng-g") , FTUEFEEEZIMER
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FENRATIERFIE (2.22mgkg?) , ATHASEIS(ER
T BER AR BDE209 F & = (0. 1.5, 225 mg-kg?)
HITRE, BRE-RNXAZAHRBAR, FLtb4xH
REERE T EW MRS Y B EM £
AAETE, BEFZELANSF2ALSF2HE
79225F1900 mg-kg™, XTERZAE B £ LM, LUHIRE
BDE209 SHEHEAEHFUMNNE - RNXR. ZRD
ERESENNFRBTEASEE TEIIL (WABER
F21KR), RELERGREAIBHIREEFEH 24 R
FERBTEESLKH, LRI TEMEERAET
G F PRI CEE N s B H TR, AN
12 h EEEMEIR, JRE N (22+2) °C, BAMNKIXE, &
MELREEEMEFE R ERCIEZRASEM (4%
S 1 SCXK#E2013-0001)
1.2 Morris ZKEXE LIS
FELEREETNERSFEHI0R TR, F/5
Morris KRS (FRE_LBMIRE SRHR) Ol FEHNE
SHEIZEEN, RREEA—EFKF (BE150cm,
= 950~60cm, KAMAKRA30~40cm, B2 FEEHR
A 8cm, METF/KE1cmZ ), ERRHN EE5EIES
& 4 MR R, ERIE K BBINIK SR, FAAR
1B RRKEMKBYERD N4 PMRB. KRRIFE
23~25°C, /NERIEL 4d, BRMIKKE 4 M FREINRR
BT 1RERIB KT, iIDREEHBE R, K
KWEsKBERBLE, ER/NBEFEMERRA
H{=EEETE). EBHRIRRE. BT aRE.
1.3 LS EKFRN
KEEERERIIEREFIEH TR, BUK
INAALRMEAS 0.5g, M 4.5 mLFUSBEERER4E MR, FE
SR BB RS KT8, EIR 800xg B0 20 min YK &
EE; MRFEARZERBAERE 10~20min, =8 800xg
B0 20min WEE BB, AR SFINHIEBRRREIITE
{688 PREG. DHEA. PROG. 3a-5a-THP EgEx 5% I izt
1% (enzyme-linked immunosorbent assay, ELISA) #71
RAE (PE=REEY) NE KM MEHEE A
I KNP BUT @ BEEIRIR D BIZIREFL. RENE
. EHEFLo BARAEFLSFL, XN 50 L RER
EriRER, EAFLMs0 L7 ERFERR, 7L
FMEE F 50 plo AR B FLINKENA R A TYER 50 L,
BEEIR37°CEB 1h, FFLRRER 350 uL &R
T3 FEEEFLIMRNA R TIE&R 100uL, &
fE37°CRE 30min, FEFLRREER 5 XK. LI

[RYIBR 0L, BIR37°CELE®, SFLINKRILAR
50uL &It N, FAESHRY (3E Thermo) 7E 450 nm K
KM EZFLHARE,
1.4 SZRIRRE BN

KXEERERIIERETIEH R TR, KA
JIC-1 R AR AN E (FEILRREE),
R FRET H AR ML RIR R B, RIFTENT ¢
B8 S AR A5 T8 7] B4R R ST 4R 4R B
B IINARINT RREBE SR RS ZIRATI AT
A EHITER, O E600xg. 4°CEiLr5min, BY E
78 11000xg. 4°CEi10 10 mine A _EED B1RRIRLHL
&, B_EMBER (bicinchoninic acid, BCA) JE#1TE&
HRENE, BEIMANRBEFIIC1IEEBTIER, &
SREEZBR IR (£E Thermo) #H1THRM, &
MIc-1 B4R (REB) BY, BUAKIRE N 490nm, K
REANS30mm ; NI BEY (A8) BT, BAX
’REN525nm, R HIKE I 590 nmo LEhI{AFEFBL
NIC1REYRNEES JC-1 BRI R ENLLE,
1.5 #itZESH

TEHARUERT, TERRLUIH L IEER
7, KA SPSS 22.0 I #HITHIT 24, LHIEIIIECR A
BRERFEDLSD-t EFHITTRAMEL R NI, 16
I87KE =0.05,

2 &
2.1 —&iER

MRLFAR, SXERAMEL, £5H T RME#
bb. HERE. JET-ETEBDE209 RS2 G HEEA
ST, 8900 mg-kg* FrH A FE T 21.97% (P<
0.05) , 225 mg-kg™* #1900 mg-kg™ H4H F R LK E
S53$884A48EL 935 T % 8.74% ] 16.44% (P<0.05) o

&1 ZMHABDE209 B EX FRAZENFM
Table 1 Effect of pregnant and lactational exposure to BDE209
on the weight of offspring mice

BR (n=12) FR (n=24)

ePE20 P FREEL FRIETER/% HAERS/g WIES /e
Omgkg®  13.2¢21  1.15:0.83 9.0 1.58:0.20  16.48+1.58
225mgkg’  9.8+0.67 1.35:1.43 10.9 1.63:0.21  15.04+1.36°
900mg-kg’ 10.3:1.5% 1.14:0.71 132 1.6130.25  13.77+1.22%

[E] a :50mgkg  4BELER, P<0.05 ;b @5 225mgkg” £BELER, P<0.05,
2.2 F3)i81Z8E

KWERETR, 3HFRMBBREBBEIZGK
BB N2 TREBE, 5i)I4% 118, JIEE4a
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X, SYHRZA. 225 mg-kg* Fr B LA 900 mg-kg? FeFH LA
BRI HEI D B T FE 51.34%. 27.20% # 16.87% (Bl 1) o
KERZELWESK, SXTERAMLEL, 225 900 mg-kg*
REHRBFHREN D 5 TFE51.81%H 67.47% (P<
0.05) , RPR{ZEZBY(8) 5 B! T P& 48.45% F1 77.47% (P<
0.05), T & FHRE D5 TP 64.29% # 75.00% (P<
0.05) (&l 2),

75

—+ Omg-kg14H
~m- 225mg-kg14A
—e— 900 mg-kg 4R
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WEREBIRHEA/s
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5

F1X $F2X EVES

El1l ZEHABDE209 BB FRE 1~4 KKK E LI kEE
RERZEL#EES (n=10)
Figure 1 Escape latency changes of offspring mice after pregnant
and lactational exposure to BDE209 in water maze
from day 1 to day 4 (n=10)
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[F] a1 5 0mgkeg™ 4BELER, P<0.05 ;b 15225 mg-kg™ £RELER, P<0.05,
3 Z=MEHA BDE209 8B EX F R AR Mm% PROG (A).

3a-5a-THP (B). DHEA (C) #1PREG (D) 7KF89520 (n=6)

Figure 3 Effects of pregnant and lactational exposure to BDE209
on PROG (A), 3a-5a-THP (B), DHEA (C), and PREG (D) levels in

brain and serum of offspring mice (n=6)

BEERAIREL

BRI RBANERER | 225, 900mgkg?
E?:Y

BDE209 55 20 4% Kl (K R BB i 5 X

BREAMEEE D B T

8
(A] (B] (c]
7
10 20
& 2 °
X 8 a o
b= iz 15
Ik 6 2 e
B s
‘Bv—‘& 4 X 10
& a
5 5
0 0

g

mOmgkgttHl  @225mgkgitl  ©900mg-kgitA

[E]a: 5omgkg” AL, P<0.05,

El2 Z:HABDE209 BEX FHE 5 RKEKERKRIRFHE
RE () KIREEETE] (B) . FAFHRE (C) KR (n=10)
Figure 2 Effects of pregnant and lactational exposure to BDE209
on the number of quadrant crossing (A), quadrant staying time (B),
and the number of platform crossing (C) of offspring mice (n=10)

2.3 HEHK

AL S AR NERETR, SXBRAMEL !
225, 900 mg-kg' ¢ & £H PROG 43 7 T P& 36.51% #
69.28%, 30-50-THP 73 5!l T~ P& 31.84% #157.43% , DHEA
53 5 B& 31.13% #1 60.15%, PREG 93 3!l T % 31.17%
#168.07% (39 P<0.05), MBHEHBFRNERE TR,
S53tRLAAELL © 225, 900 mg-kgt FE4H PROG 73 BT
F% 29.49% # 63.44%, 3a-50-THP 93 Bl T P& 25.12% #0
53.71%, DHEA 93 5| ~B& 29.09% #1 56.97%, PREG 43 3!l

10.06% #0 25.58% (39 P<0.05) . DLE 4
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LRRIRBR BRI/

o N B O 00

FIE
mOmg-kg'4l @225mgkgi4H ©900mg-kgi£H
Gl a:50mgke" ALELIR, P<0.05 ;b 1 5225mg-kg” ALLER, P<0.05,
E4 ZmEHA BDE209 &3 F 58 DL ARR R (U AYRZE (n=6)
Figure 4 Effect of pregnant and lactational exposure to BDE209
on hippocampal mitochondrial membrane potential of
offspring mice (n=6)
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4 ) L3T BDE209 BREE MUK T AIMAN/L
M®&R # BDE209 FRE 7% (1.5ng-g*, LUBERRIT) BBE
ST BFEIMK T BDE209 FiE 4 %X (0.86ng-g?, LIBER
it) ©, B &I =M BDE209 /K AN T34 |,
BHEBBRGB R (b=-2.40, 95%Cl : -4.79~-0.01) 3,
BN KHAME A R £ R HE = ) 42 # BDE209 &
ES565BEENABEHAENREXM (b=-6.36,
95%Cl & -12.53~-0.19) "y AR R IE T B L Z
H/NRASEEENBAZHEZD) L BERREUR
BDE209 X§ FERIHE A BHIFM, SR A ST A
ML, ZEHNREKKE LW PTEF IHIEIZEE
TBIHIM TR, 5 ERMREREER—F,

BDE209 FTREZ L B MG H RERE, BHE
HAXEL B AEE BDE209 IF A HA KR BESHNEE
BERE, ZHAMSIAAEE SR HRZEERNE LR
A, RIESYEEMEXNER, EMENHRAIIE
SEERBREBTRB TR BBREAMABBERS
BEFEE, ARSI ERE Z2HHEA BDE209 B &
f&F B AMA M5 PREG. DHEA. PROG. 3a-50-THP 7K
I HIFI S A% T P&, $2m BDE209 A B E MY
A EETFILEM, BDE209 X 50 E A A AR 1042 S5 44
PSR EIEZINEIER. MEERTREHFREL
BNMEER A EAEEEEERM, ME8AEEE
BERTARESE, BYEREFRENENEF
Wil , S5EEPIREERRFENLEHINEE ' PREG
M DHEAREMERNAB XEERNMESHE, B
BSMERMA, (RHBETIRES K, FEEBE
TN ETMEMS5F SR8 K. i
KA, 55 1% PHRT PREG A1 DHEA & AL = 512 N- R
H -D- XL F B (N-methyl-D-aspartic acid, NMDA) 5
RESEMME MR R MURE TR, MERINEME
PREG 1 DHEA FFNI BESE £ MR E L3R INHI T & 1o,
Itk PREG 1 DHEA B9 T & 1R A B2 BDE209 15 & F B ¥
SIEIZEE N B IINFI E E R K, PROG. 3a-50-THP
N BEMERAZIERIPERANHESE, TYEEBE
HEES I HE TILE, M@ ZTHERELIER
E AT EA. ¥4 ) LA A PROG. 3a-50-THP 7K
FRERINGES. BRA/N MR K, 2HE
EBRERBMNEERED,

EIRIER TR LUBIT 8 E SR E R KFER
BEE s FRERSARTERT, Fi@EdFREN
SNEFBERIFHETHNEFKFERS, M4

FIEERNHETMaEKTED), {8 BDE209E A I tHE
HARILBEIESITHXMEEEAHMELE S,
BDE209 B %5 5 MY AEIET TH NMDA ZAZRA N
WETEE, MEFICIZEEHN ™, FEeBEI N T
ABEFKFEFIMERRGEEEHHH—P1F L HEE
T, MASH X F RS DA B AL AvO NS R
& I HA BDE209 15 2 [5 T R D LRI ARR B
I E/RBMEH TE, BFKFERILESHEN KRR
B TRNEERRE, U ATHRIRER 0, i
— iR E S AZEL 2 BDER00 IF R HAKBEE
By L EEIR TS, BDE209 A fE @i FHL AR LR
HKEIHIE F BB AT, ERHETHET
KFEEE, HE—TEM T HESHELBEXNES
W, BHIXTF BDE209 F M EANMRRL, B
PREVHRFT £ B & 7E BDE209 ST AEFE R A M A 1K D
YRR, {B E8HE BDE209 TENAYEE K 24K PBDEs B 22
YIRIERK PROG 73l iR Vo HBFA 1PN B §1><F PBDEs
wIEMHESENRERLD, KARERNT RA
%18 BDE209 &2 M ARXAN M A 1H4E B (A BV 5o

BDE209 iE & A S AZEL NGRS FiLHE
SRS RIS IEE X, P450 FEEEZ L RES 2 A S K
BRIEFERRE, FHEEATREEEBELNE
R LR 4 FY PREG, PREG =T B A A S VAT
VIR, 1E170- E{LESFI 3p- IR K E B S ER B (L 1ER
Tl L9 5% 46 79 DHEA 1 PROG, I PROG &1 5a- i
RESEEEABNIBETE 1 — & 4 AR 3a-5a-THP 2, 3
HERF 3 th & T Z2 5 HA BDE209 52 5% 28 d [/ AY/)VER P450
REEIEZ X AREEA - R LB ER A ME R RETEE
HHIM A, 71 E BDE209 X AEB% @ T 4/ ER 2
F1 18] [57 b J25 4 B P450 AB [E B2 24 AR BE 7N B- F2 KX E B2
i S ES AV 2R B A1 mRNA RIX, FHE PROG 9338 1, 34}
BRI & 2 A & R B BV 52 RAENIF 2 BDE209 F &
HEARKEINEFERRZ— AMBERIEEANLE
BDE209 #2M 17a- 2 (LB sa- i R ES 32 R A BN IXHY
MRIRE, EFRH—F LRI,

ANBEYH & (MR, L71) F BDE209 B9 M
KELYG R ngkH) (1~1000ng-g?) 2, ERKLE
MMEALXNFIERZREZ—, MEBLMXERK
THEBFRESHSE3.5mgg ), BRISASE
Y EREANBREFESERNRENREKTFE
Y (0.1~1.5mg-g?) P, BEF LR IEE BT LU
BDE209 IMER BKFANANRE KT 10° 1%, B
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BDE209 TE WA R BT IZE Z, RN EEAK
REERRE, TEER U AEENBRREREY. KFKiE
FEH—F 10N BDE209 FE 2 5 & B F & BDE209
RERSYNAREKTF, 7 6eFAHBDE209 IR E R
BESARNBBEKFEZENXR, UNKBERMKBIEINS
BDE209 B EZ BINEAR X R, ARLWIEIE T 1R
T, Z2THHA BDE209 B B ol gE BT B A HE S K
FEEMTINGIF R FSNEIZEEN . ZHRARKR
AREHBE A SHNGIRMET —M e sEB R,

SE R
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