DB 2E AR
Acta Psychologica Sinica

2013, Vol. 45, No.9, 981-992

1 1,2 1 1 1 1

(WITTIRE R A2 S AR AR 22 B WY 240 BRI ST AT, WiTLG: % 321004)

WEy A (bisphenol, BPA) J&—M IZFAEI AT NI T3, B 5HEEEZ KL & TN
PR E ST 2 R . APk 10 B/ R E S Y435 BPA (0.4, 4. 40 mg/kg/day)3 1
A, WK BPA 2 F&xt AU /N IS4 T A il vl S8 PE 2 i . 547 45 SR BH, BPA (0.4, 4. 40
mg/kg/day) 34 INHEVE B9 35 7 R BRI BB A%, BPA (4 mg/kg/day) ) i 350/ ik BLUAG 36 ~7 Bk, ZK 2R B Flgk 5
(] 3BEAT A AR RGN S s, BPA 2 B 405 e BRUAG 23 8] 2 21 A2 Ak 3 [ B EAZ . @t &8 S CA1 XY
G, BB & B, BPA (0.4, 40 mg/kg/day) % & KEARME BRUG S CA1 XS MBI L, 4ol Ik BRUS fik i it
R, YN BRSSO 1A (PSD)JREBE, 48 i if B2 Mk [RTBR 56 B o i — 25 ] Western blot J7 i A5l 5 firk
Hi . JEIARE TR H Synapsin I Al PSD9S DA K 24 PE & FE R NMDA & {& NR1 W5 H AMPA Z{& GluR1
HEAMEIL, £ BPA BB Synapsin 1. PSD95, NRI1 & #E/KFET M, T BPA Xl B ryiciz
Tl RS, RMEAMZAEAYNEEHRER . L RS RRRK I BPA 2 88 M 5 R 5 Hi 52 w1
AE/INER I S PE RN IEA Ty, 00 B 2% 2 D2, XS VE F T AR L T R S kR R NMDA 2R3k
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0T 071 15 M 5 5 ] AP, B R e i BR Y 2 20 e 12 T g .
W A; 2219012, EIEA 4514, Synapsin I; PSD-95; NMDA Az {4&

B8&45

1 HiE

M A (bisphenol A, BPA) K fifi I & 5L Al
OBtk R SR TR AL DR AR Bl PSR 2 147 [ 3 54,
DL R A Rk 2s B S A L . ok H — 28 43k [
F I E A o K DR AT — B2 8 TGN 5
BPA H1(Erler & Nova, 2010), 32 [E %55 £ il tho0 8
e R, Sk A 394 i AR IREFEA TR A 95%
K 4 BPA (Calafat et al., 2005), BPA J&—Fh3fif
FUMEP R |« DUME SR FNPUME R 1 PR R PR B N 43
T, AT DR P 5 SR 2 RS 5
AT 55 2R A2 AR A T T PG P U R X 7
W 95 4 JH (Leranth, Szigeti-Buck, Maclusky, &
Hajszan, 2008). H TSR TEM 28 & T MR 5
e B EZAER, Rt REAE LT HEIE

e H : 2012-11-27

FilZE 1] BPA ZRER A i & & SR 5 #2847 i
520 (Fujimoto, Kubo, & Aou, 2007; Gioiosa, Fissore,
Ghirardelli, Parmigiani, & Palanza, 2007; Gonalves,
Cunha, Barros,& Martnez, 2010; Xu, Zhang,Wang,
Ye, & Luo, 2010; Patisaul, Fortino, & Polston, 2007;
Patisaul & Bateman, 2008; Narita, Miyagawa, Mizou,
Yoshida, & Suzuki, 2007; Negishi et al., 2004;
Kiguchi, Fujita, Lee, Shimizu, & Koshikawa, 2007),
SR, PEBCR LS 589 BUAE G ) DS 3, R,
HEMC I 2488 T BPA FREE I UAE AR 247y il
RE 2 BN o AN BRAE S R AR 7L 300 ] < B 2
#8 TR BPA (B B BEPEAT O A U (Seta,
Minder, Dessi-Fulgheri, & Farabollini, 2005), F&f']
RIS & BT B W2 88 T BPA THR5IRe S 1t 1Y 5
Wi A /N B IR I . FR IR A2 ST ICAL 5 2 Fh AT R

* EHZR AARREI ST (81172627), WiLA A KBl 4 H ST H (22090955),
WIRAEE: BRIREL, E-mail: xuxh63@zjnu.cn; HLiE: (0579)82282269
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(MRS, 2011). [HAAFIY BPA B2 X547 0 BRI
B AL o b

183 T A 28 ik v BV 5 57 2T AR AT R B UIAH R,
TR T A O ) 3 S ik AR L B2 BRERIBE AR A
22 fih A% 328 i A 2 2 fk W] % M (Brinton, 2009;
Woolley, 1998), filt, A ANK 8L BPA o] LItk
% B9 2 foh 55 %84 H (Hajszan & Leranth, 2010), 7£
KRR ACZE, BPA ] 1 il i 2= R b 3R 5 4
T T SR B2 70%~100% Y 58 fil (Leranth &
Szigeti-Buck et al., 2008; Leranth, Hajszan, Szigeti-
Buck, Bober & Maclusky 2008; MacLusky, Hajszan,
& Leranth, 2005), BPA % & 50 A 5 A= K BRI
i B OG0 1) AR 2 A ORI i ol 28 T A 58 2
J# (Yokosuka et al, 2008; Shikimi, Sakamoto,
Mezaki, Ukena, & Tsutsui, 2004), FA1LIEAIBFIE
KL BPA PRI A S i T A 28 ST AR 58 24 %5 E R
BEIPE(Xu & Ye et al., 2010), 2 il FL i & — A XF 4T
FN R 2= Wy B AR U 2 ), o iy — 2%
B, ngE fil 18] B (synaptic cleft) . 2 fi /if 3% 1 47
(synaptic active zone). Z&filt)5 B 4 (postsynaptic
density, PSD)F1%E filt L 11 [tfl %% (curvature of synaptic
interface) A] Pl Hll 84 117 & A= 2 2% (Marrone &  Petit,
2002). MR BGE OIS R/ IS A2 AT o B [
P BEA T E TR B 228 filb ST 250 (1) A8 4k, A4 58
fi [6) B2 B9 46 /N Al PSD R JE 88 i1 (Xu & Zhang,
2006), AL T 55 B i) PSD 5 A 40 i1 S F
FHREN . KFARZIK. SREAZSSGED . &1
WIEFE S0 FEZMER, XEE P RIXWHRE
VA ELAE FH X5 ] 52 0 5 o 3% 4 AT 98 1, ] s 0, 24
7% PSD Ay J& B (Trinidad, Thalhammer, Specht,
Schoepfer, & Burlingame, 2005). A4, BPA 20 i AF
MEAT R A5 9 fil ST 25 AR M 1) A A e 7

A 5 38 R AR /N BRI 2R R TR
BPA, WF5¢ BPA XFUAR/INRIG stk . #5858 . %030
1CEFAT RIS, SRS CAL X205 i %
JEE G fih S THD 25 00 9 202 5 E— 2B 3@ 3 Western
blot K I & 5 %€ figh 25 11 Synapsin 1 F1 PSD-95
(postsynaptic density protein of 95 kDa), LK%
PEE LR NMDA Fll AMPA 2R FR 1k s, -1t
BPA 54T A F S fih 45 14 w] S8 14 B HIL I o

2 MBPRUITIR

21 TEHMPERHESHA
TGS 8 JRIW ICR MERE/NE, HEYEIAE 30~35

g, WMEVEIRTE 25~30 g, WA TWiTTA & ETH KT .
INEUMERE AR TR 3R, BEOE 10~11 HUNRL, T 3R B
B 12 h AZ K, RS E R BT AE 18~22°C, i
JETE 50%~60%, KAEY A b8, /ANEEER 2
JilJ5, BEFLS N BPA Z#541(0.4, 4, 40 mg/kg/day)
(BPA, 99.8%, A T AEY) TREB AR A RA
F) AT B (408 fa & ), SR MEESR 22
Ho BR A 8 M HYLd, Rrgk 12 A, Jeidpdhl
3 RIGHATEC5
22 AWK

K A/INRAE BPA SRR LS 3 K, He LUy
SroMREIN £ AT R o BRI IFIRAT A ET, FRXT B
WIHEAT 3 URHCHEF LATE AT R 22
221 FFIH1TA

W54 —IE T AL (40 cm x 40 cm x 30
cm), 58K 16 /M. ids/h 1 min 15 min N H
JER T HH 0 T iy 60 0 T 2 P S L 3 7 B R UK
o SEROS BT PN B S M, 3 S BN
ANEEEHT S IR T IR FEA T, B AR B 0 Bl
WAE o SR T 0 —Fh 56 #2474 (Frye & Seliga,
2001). FIHEHR HBIYAT R 70 HT RGE(TSE System
GmbH, f[E)iCs. M 12 Haiy, & 2/0NEIHL
USRS R R, T RS A 48, A
Ja AT — /N R I
222 KEEMIR

TE AT MRS S8 — R, 434 12 Hz
¥ . Morris 7K % B (Morris water maze) T 3h 4
=5 ]2 2] S RE ) o KR E A 45 cm, HAE 90
em MR AFEMAIE KL, KK 25 om, KEEEHI7E
2541C, — A HAN 10 em HREGEFEMTKT 1
cm Ab o YIZRETRE /N BRI ] s BE A K, B85k
s/ 60 s PNAET TR F-HRF & B9 TE DK P,
BARFF-GIFFE & EEE 15 s J5, e R %8
WARE 30 s, SRIFHAT T —IIZR., WER/NEFE
60 s A&, $A /DN EEIE& 1
B 15 s KEE ARG H 4 DRI, HIRIEAR
SR N A KA, FERIEZINZR 4 R, i 4
Ko HINRE A4 (TSE System GmbH, £ [# )43 #7%
RiER
2.2.3 W NEE R R

AR EIAR S B R, A 12 R,
Bk 75 52 50 FH TS0 2 ) % 3 Tl ke e < 09 27 2T 242
170 o Wl B3k S WA 15 cm x 15 em x 30 cm [
SRR, AR BN 0.3 cm BYERMIRS F %, A EE
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TR 0.5cm, AN —MATEICE —15 2.5 cm, H
5 cm BRRIET- S A W el sk v o 1 22 421X
SIS FE A TR /N BRUBCE FE 91 EEAR Y RIS B 3 min,
RN BCETER ST & B, SN RBEN S
A7 BN 255 f 15 (40V 283 HL) 5 sec, ic /ML T
VB BT I ] R GG T AR . 24 h SR/ BRC
PREET), B/ EURE & L, il hEBE G
BRI, TCSERFEIN 3 min, #id 3 min A Bk
ToRB/NERIERIIIE N 180 sec (Hiramatsu, Sasaki,
& Kameyama, 1995). ¥ i 58k T 7 &R
B R W LA 2 Iml R 2 fiE T 2%
23 RE. FERERHY. MRHEHEKTE

O3 PRE L ME . ME/NEL BPA ZEERHI(10 w
). J5(22.5 w B MIRE (n=12). 17 RIS R )5
BSR4 w iR, /INEURIESR I, T Ty o
S0 AGE TN e R L I VR M TR S R UK P (n=10);
B TR BN SR L, FREE, THRAEEARE R
(n=10),
24 BEEEYIRHEMEMESNE
241 BEVIRH&

BPA Z&#3 )5 3d, HRZHHK 6 HU/INEUT Sk B,
3% M0 86 I [, A A B A AR AR, /N0 3 O
31538 CA1 X, #H I hl#S CAL IXH
WY R (K& 70 nm), A H-7650 TEM 714
(Hitachi, Japan)fi4%ifF 5 CA1 X AT Gray I BI(Hp
AN S fk B8 R, FH Image Pro-Plus K&/ 8k

(Media Cybernetics, USA) 15 2 il 0% & (x10,000)
FIN 2 fiph L T 45 74 (< 100,000) . FE4L 40 5K IE
7 S SR FH U 7
242 REBEENE

5 il B0 B (N) FH ST AT i 24 O vk 8 & e BT
(BRE, #iRE, L, TR, 1999), HEAHM
Z R B RALRBGE )AL BT AR

Nv = 8ENa / n* (Na A 57 i B Ay 22 fd H
E Jy PSD K JE {81501 - 1H);

Na=YNx / YAr (Nx FE5K 1 T A L
SRAECH, Ar AR IR A TR
243 KR EEHNE

2 fih 1) 570 58 3 BB 2 ik b SR K L e /NI ]
3 MERYEY), PSD RN PSD M i KAE, 25t
T 2 D Al AT TS 5% K 2 3R, MR K
JEE DL 5 fish /)N o 28 4 A XS B (T 1), ARG 2
90 2 fil
2.5 ZEHH#Y Western blot &
251 EHEHEMAHIE

BPA 25 3 d, /NERWLBUN (n=4), 55
SR A A, TEFAET-80 CIRL VKA -
e S0 () : AR R (mD)=1:10 MY LB, A
AR AR (77 203K, 4°C800 g B5.0» 10 min,
W13, 4T12000 g 8.0 30 min, 3£ 13, WCEEDTIE,
s DGR, WKW 3~5 B AEYE, ik,
20 CHR-AF S

-

post-synaptic™._
; b .
Pn* *Po
convex synapse

A A A A

flat synapse

concave synapse

a a
Synaptic curvature= — = —
ynap b  PnPo

P12 fh S0 T 4 A i ol 45 A 0 /s O
TE: #Sk Brs Sh 5 fil 6 P A B 5% ik Bt T 1 %8 =a/b=a/PoPn; SC—5 fil [A] B ; SV— 2 fish ¢
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2.5.2 Western blot 2 #7

B 10-15p1 25 I RE i 30 AT+ b SE AR PR S-SR Y
I 19t e (SDS-PAGE)BEII HL UK o K 25 IR 5L 2 15K
LYEZME (300 mA, 2 h)5, H 5%IBLAR AR W33t 4] 2
h; 4515 —HL[NR1(1:700, Santa Cruz, 3 [H).
GluR1 (1:1000, Abcam, 3£ [H). synapsin I (1:1000,
Cell signaling technology, 3[&). PSD-95 (1:1000,
Abcam, ZE[E). B-actin (1:700, Santa Cruz, FE[H)]
S 2h, PR 15 minx3; Z40(1:700, BRI A7)
JEF 1h, BEUE 3 minx5; WA, MR ALK
FIECL X F) R 0.5~1min J&, SRS % NC
S, X-E A (32 18 Kodak 28 /]I WiZ Mg, &
PR S B 2 2R o BRI 1Y X6 A A
i, W F Metamorph (3£ [E Universal Imaging Corp)
AT AT 2O L2 1T
26 FitFLIE

JIr A i BE P S EE bR iR R, R SPSS
18.0 A, /KAE 4 RYNIGE R RAHEE —HNE
(BPA 2 5% < M 5l < Il 25 K %0) T 22 43 BT (three-way
ANOVE), HEAT HER | A 5 il 25 00 5k
B2 WA (BPA Z 85 <M 3D 2243081 (two-way
ANOVE), *EFi % H R0, M5 E K F-Fl Western
blot 455 ¥ [H K (BPA %% #%) 7 2243 M7 (one-way
ANOVE)., #RJ5 #1755 )5 % (Post-hoc test, LSD).
p<0.05 1EH HA Giitae 2 7 W 1k

3 4%

31 HRE. £EHRE/MER. MIEPHES=E
BPA ZREZHT(10 JAW) /NEUAREE A W] i
S, WE, HERARERmE, #) 22.5 A
B, A BMR B U] W T OME RL, F(1,88)=548.32,
p<0.001. BPA 2 5% < H1| iY 38 B 1E FH I 252 il /s B
A, F(3,82)=5.76, p=0.001; i %&5% X 25 0 A & %
o, F(3,86)=0.22, p=0.882 (& 2), 5 Rl HIxF
RZIAI L, 0.4 FI1 40 mg/kg/day BPA Z&#5 12 J& i 3

e LAY 1A (p<0.05), BPA ZREENFME . /N EL
A B AT AR T L HE SR M KOS A
S, {H 0.4 F1 4 mg/kg/day BPA i 35 R Ak BRI
A S2 1 7K F-(p<0.05) (5% 1)

e 04 4 40

XHE 04 4 40

&l 2 BPA Z X AUAF /N A5 0 (M£SE, n =12)
F: *p<0.05, SXTIERAALL; ##p <0.01, SHEMHEAHLL,

3.2 HIFHITA

U )7 220 Hr 20, BPA 258 <PE 538 B AE
FXT/NEES 1 min F1 5 min A9 BEAS B0 A TH AR H,
1 &b 2 5 e N7 R B B [F(3,82)=5.01, p= 0.003;
F(3,82)=26.91, p<0.001, n=90]. 1 I Z %45 1 min
F1 5 min A BEAKERL | 3l 37 ANEE B R B A B R,
435k F(1,88) = 18.63, p<0.001; F(1,88) = 5.17,
p=0.025; F(1,88) = 5.27, p=0.024; F(1,88) = 18.52,
p<0.001. o, IERHEREE 1 43800 BAk 48
T T FL(p<0.05), 4 mg/kg/day BPA T[4 T ik — M
MR, BRENZEWEFERME 1 min A9 HAK
(F(3,86)=3.23, p=0.026)F1F T K H(F(3,86)=12.69,
p<0.001), 5 [a] 14 771 X REZH A L, BPA g 25 3 i e Bl
A B 13 7 B (p<0.05, p<0.01), H1 AR ME KLY
Ui UE(0.4 mg/kg/day, p<0.05), Ff-PH s S e
1 T B 1 525 B (p<0.05, p<0.01), X Ebgk %
A BPA 2 5 (2 a2 I BU 400 i o LA 8 5 0% 3,
T BRUAE v 2815 0 T i AR EREIR S (GR 2).

F1 NiEp AREBEFNHEDRILFEREKENETEREE FEH T (MeantSE)

131 n 0L 75 M e B R L 1ML ¥ 52 R AL
(pg/ml) (mg/g %) (ng/ml) (mg/g %)

X HEZH 10 2.63+0.26 0.54+0.01 1.06+0.07 0.72+0.06

BPA 0.4 mg/kg/day 10 2.88+0.29 0.55+0.03 0.66=0.04* 0.69+0.04
BPA 4 mg/kg/day 10 3.25+0.36 0.5140.02 0.81+0.09 0.71+0.06
BPA 40 mg/kg/day 10 3.50+0.42 0.51£0.03 0.84+0.04 0.67+0.03

% p <0.05, 5 FEIPERIX AL,
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R2 MEHNE A REX/NRYIAITHRIF NI (MeantSE)

205 n — 43 AR AL TGy AR ER BLIEEH €4 SRR

Tt
Xf HRH 12 65.0+4.7 209.8+15.5 3.31+0.56 13.4+2.0
BPAO.4mg/kg/day 12 69.2+4.2 224.2+22.8 4.08+0.57 21.6+2.6%
BPA4mg/kg/day 12 71.2+3.4 233.8+12.3 6.23+0.67 * 23.243.1%
BPA40mg/kg/day 12 65.2+2.8 201.2+9.7 13.90+0.65** 19.8+1.1

.
Xf HRZH 12 44.2+4 3# 175.2+12.5 2.92+0.49 16.6+2.4

BPA0.4mg/kg/day 12 52.9+4.7# 199.8+11.5 2.85+0.27 9.08+1.5%##

BPA4mg/kg/day 12 65.2+6.4 204.8+12.7 3.31+0.364# 12.9+2.2#
BPA40mg/kg/day 12 49.7+3.5# 181.3+13.7 4.85+0.62## 20.3+2.2

% p <0.05, ** p <0.01, SR BAAH L, # p <0.05, ## p <0.01, 5 [FAHAFEEH .

3.3 kxE

1E 4 REKEEUNGRrh, &4/ ARV
A U W22, (BRRIRRT G PR R
A B 25 R G i 4 e, w45 4/ R R
H—E W ZS [a)2: 2] Fe A2 6e T, (HIE AR R
£ BT A4 B K T RL(EE 3.4 K, p<0.05), #
1A SN Nl i = O S 5 A o 1 e e R TR VA A
ZINE T Z M, BPA B8&x PE%Ix Y2t E
(F(9,313)=2.58, p=0.007) . BPA Z& % <1451 (F(3,337)
=2.81, p=0.040). PEH| xR} (F(3, 337)=3.34,
p=0.020) 1 3¢ F.A/E ¥4 2 & mi /)N R R 7 7 19
sl ¢ 3| IO EERIn I DS SURTE S A n AN €L
RV 5 B2 15 8 (F(1,343)=15.03, p<0.001; F(3,
341) = 81.02, p<0.001), BPA %&#& i & 4T I Bl
KA B IE B (p<0.05), {H XM B A 0,
RO BPA 255 M 45 S Pk b 451 43 1 A i LAy
25 [MCAZRE T, TF PRI R 28 18] 27 2T 0 i i v ) 22
(&l 3).
3.4 i zh[ElE R Y

WL AT, /N T & BRI A 25 5,

It
—&— Control
1000 —0— 0.4 mg/kg
== 4 mg/kg
800 =0—40 mg/kg

HE i fem

Day 1 Day 2 Day 3 Day 4

YIATHE 5 sec NBK P& . HLdi/E 24 h, IEW/DE
AT B R IRY B, IR P 25 7
(p<0.05, K >R . SRR Jr 220 Hr#k B, BPA
I B <M I A EARE TR L I 20 TR R I A
M, {H BPA Z& g LA R I DR 28 3 Jd 255 ) e Bl
L i S5 A28 T R I (F(3,89)=2.75, p=0.048; F(1,
91)=4.03, p=0.046) . 5 [a] ¥ 5| X B 40 A0 L, 40
mg/kg/day BPA B 456 T M Ui 5 5 925 s Ik
W1(p<0.05); KU BPA 2% 55 1 I F5 S5 M 451 405
BT I R 4% 3 [mDaREICAZ R S, I DR I3 o HE 531
225t (E 4).
35 R FEMEMMAEEN

T AT BPA B EE XS AR 10 AT
H9MIE AR R, AR A T 5% 200
12 R BYIIME T CAL DX AN i) 28 fih K 2 i
FGE b S5 A B
351 BPAZENRMEB N

W R T 200 HEH, BPA Z5 <M H 58 |
B . BPA 2288 . LB R 0t 58 fi 500 B 2
B E 0 (F(3,40)=4.35, p=0.01; F(3,40)=3.89, p<

1000 -
800 A
600
400 -

ik 5 B fem

200 +

Day 1 Day 2 Day 3 Day 4

K3 WU A 20 AR/ BRUK R B R P 6 BE B A 520 (M£SE)
TE: *p<0.05,**p<0.01, 5N LA # p <0.05, 5[5 & i HEVERE LE
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5 24h
100 - offf w#E ________ .

LT AU

X 04 4 40
Bl 4 AR A Bgg X /N R sl LR T R 52 1 (M2 SE)
M *p <0.05, SEMEIXTIELHAELE; # p <0.05, S|
= [P EE .

X 04 4 40

0.05; F(1,78)=4.91, p<0.01), 0.4 F1 40 mg/kg/day
BPA Z&# i 2 FRAR T kUG S CAL X SR Ml %5 B
(p<0.01), JFHILIFHERBAFE/ NS CA X R fl%
JE R 28 5 (p<0.01, fi Bl < BL) (&1 5).
3.5.2 BPA FFEXI AT EEHMETF D

WHZE 2002, BPA 88 <5 A 2c 5
YEF . BPA 288 . LUK 3] R 28 X6 2 fish 3% P A7 4
G fih [1] Bt 5 5 F1 AT 52 A, {H BPA 2 58 < Pl 1Y
28 A FH 5 25 ) 2 figh (8] B 5 B2 (F(3,712)=3.54, p=
0.015)FN 5 i J 0% )RR & (PSD, F(3,712)=3.91,

S PRIEHE (nm)

TEHEHEEE (nm)

popiC] 0.4 4 40

p<0.001), BPA %75 [ 2t HA7 A LAVE FH (2 fh 1] B,
F(3,712)=4.49, P<0.001; PSD, F(3,712)=3.81, p=
0.01). 5 [EPERIXTHELAH L, BPA 35 56 Ik U
S H) 5 figh 4] B2 58 E (p<0.05, p<0.01), Ha A H Al
£ (0.4 mg/kg/day, p<0.05), JfU8/N PSD J&FF
(0.4, 40 mg/kg/day, p<0.05), 1H X} 5L BEA 520 (&
6)o Lh [ 45 S 2 WK 1) BPA 52 5% 32 5 5 Wi U AF A R
() M TE R 25 ¥ 60, %245 05 BPA XFHid AT
Sk V1) 55 M R — B8

081

= =
= (=2
\ 1

ZE M B B (N/pm?)
=]

Xt Hit 0.4 4 40

EIS BUARE XU A 25X /N RS CAT X 58 fil 802 BE 1
S (MZSE)

e ¥ p<0.01, FRIMERIXTIRAFALL; ## p <0.01, 5[
FRI e P B AR L

50 [=-=-m-mmmmmmmmmmmmmmeoeeeoo

40 +-1

30 F-1

20 -1

PSDJEHE (nm)

0.5 -1

2 fih STy 46

pogi] 0.4 4

Bl 6 AAE N A ZERXT/INRIES CAL X 5 fill 5 1 2544 (152 1 (MSE)
TH: *p <0.05, ** p <0.01, 5 [EPEXS BEAR LL; # p <0.05, 5 [RF)& AHEVERALE .
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XSER% S PREGHERCER XU A XS AR /N B >0 S0 A2 0 58 fih 45 ¥4 1) 52 i)

987

I
Synapsin | _ ——
PSD-95 _ Bt
GluRl _ CeE—
pacins R |
XE 04 4 40 A 04 4 40
BPA (mg/kg/day) BPA (mg/kg/day)
NRI - GluR1
1 1 113 ™ W = %
- 081 o 08F
§ * L ‘g 06 L
& 0.6 .f‘l_ X
B 04} S 04l
g B
02+ 0.2
X 04 4 40 X 04 4 40 X 04 4 40 W 04 4 40
Ir PSD-95 . Synapsin [
0.8
g * g 08 - %
$ 06+ * § %
A i 0.6F
= =
% 04 F g 04t
02} =02t
U I I I 0
s 04 4 'ﬁﬂ-’i 04 4 S 04 4 40 S 04 4 40

& 7 XX%A%&@XTEE@J\L% - I 5 finh 2K 1 R A2 R 23k B2 i (M£SE)

*p <0.05, ** p <0.01,
3.6 ZEfMERF NR1 0 GluR1 BIRi&

R T4 BPA #5140i2F S iC AL s i
LG, AR R Western blot 437 1 K 1
BPA # i J5, 1 28 il bn 3 MR B M A J R
NMDA Fll AMPA Z ARk B, 450K W], BPA
P )R S P AT ) 2 ok B RN AZ AR Rk, EEER
P K 34575 BPA 1R i i Bl Synapsin I #1 PSD-95
F3K(p<0.05, p<0.01), 0.4 il 40 mg/kg/day BPA T
NMDA #Zf& NR1 W335 (p<0.05, p<0.01), {HX}
I BRI S B AT B S b4, BPA REZN
ME . HERR A AMPA ZIAW A GluR1 ik, DI L4
BRI AT BV 5 1Y) 58 fik 26 1 FT NMDA SZ AR X
BPA OB, Z45 RS BPA SIS ML BRI
SER A — BN (B 7).

4 e

F T P BRI e T B AR ) A i
YR, HRETRZE BPA Bl 23R SR 5 AR 5

SRS BRZH AR L

A ) B X I P AT S B e ASBIFSY I R GE
THAES K W58 T BPA IS5 230
TCAEN P Z AT R .

P97 J S g R W, T MR /)N B LG BRURAT
W Esh e, HiXx—HH2ER4 K BPA (4
mg/kg/day) BB J5IH K . SN, BPA X/NERAY
TRITIEVERAT B0 A1 0l 22 S AR T, (e 2 LD
e B ERTETE 3, IS S IR AT B
T2 5 o VFZ R UGG 24T 1 TT 3515 R AT T AR
T HEPE R FE4T A X BPA #8 R fU2% (Fujimoto et al.,
2007; Gonalves, Cunha, Barros, & Martnez, 2010;
Zhang, Xu, Wang, Luo, & Ye, 2009), F&ATLLF: AT
SR, FIAW BPA 28X UG HE B4R 5T
11 A e #E4E I (Zhang et al., 2009), X 557 &
I B BPA 2 58 (1 i A BRI 15 1 i 45
R—2, HEREEMREAF, WAEYREMHR T
WE R R T 1 o BRAT N BN Sh e 7 i i 5k
STFW—FHRAT N, Z—FfEErRN. SHE
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7% % FH 7] (Negishi et al., 2003; Zhang et al., 2009),
AR BPA 588 32 ST IMENE Y BRI, R
BPA X HEtEA {2 2 IEFEAE ]

K H SR B RIS e B S ] 27 > 30
TCAFAEME (L) S THECH PERY PRI 2% 55 (Carr et al,,
2003; Driscoll, Hamilton, Yeo, Brooks, & Sutherland,
2005), AWFFEW A TIMBMEG, TEKE ENAT
W, e BRI B PR B A B R B 5 4R,
K BPA B8 F B R B 25 [ 12, e L
VA WL 520, PRI T 09 2 [B] 012 1 501 2% S 1
Fro HHTET AR BPA 2884 8h#2%: 21 i1 5
ARG AR D AUA AR FI Eilam-Stock 58, —IK
P£ 0.04 mg/kg BPA 2 Ab B4 475 il 1 A R BRI
Yy AR ) A0 s ] AL P A A TE]9C 12 (Eilam-
Stock, Serrano, Frankfurt, & Luine, 2012), BHIWr 17pB-
WE I (17B-Eo) %k B 5475 B AT ME AL 58 A2 ]
12 M4  (Inagaki, Frankfurt, & Luine, 2012), %
ITE 2T F W B MAER BPA BEEX =10
TCHYFEMR, 2 I I 3 40 s B e 4247 Sy (H
MR, 2011) . Kim %5t % B 4F it/ B BPA (0.04
mg/kg) ##E 2 )5 & g2 Z 1 (Kim et al.,
2011),

Bl Sy (] AR P A T 3 1 S ARORE 1Y 2 )
ICAL, ZICALTE G VR 28 Sl )AL 3 30 ME P DG 7 o
AITER 22 5 . K] BPA (40 mg/kg)%s 28 M 1) 4 5 v
b B B 8 B [RDSEEICAZ, THBR TZAT MY IE R
P ZESR . HRISCT AR BPA 2Es 5 gl
IR LA, (HE A 1Y Bl A 28R iy
R BPA A5 MEPE S Sl Lk AZ T
H AW 2T R BPA SR 58 AR METE 19 S)
[MlEEICAL (RS, 2011) o X BB 45 R4 TR AR A1 1Y)
B 3 LS T2 X BPA BT U

VI 22 E 45 3¢ B U802 3 3 A 7 T S R A
B2 0 S5 A RN T RE 2 fib v] M 2 5 R N )
FA DA R JER 4 vy AT 42 0% Bl (McEwen, 2002;
Brinton, 2009; Woolley, 1998; Frye & Seliga, 2001;
Hajszan, Mzclusky, Johanse, Jordan & Leranth,
2007), I3k, HANLB BPA A FEuic A2 A 56 i X
B2 fb il #AE . 0.3 mg/kg BPA AbBH 4 ] BH KT I
W5 1 LE LA e BRI S AL A o3k e R P
FAT B 2 AN T CAL X ZE il it A (Leranth &
Szigeti-Buck et al., 2008); — X BPA 4L ¥ 5 30 4>
GENE L E TR K N R GERE  E
() i (MacLusky et al., 2005), 78] BPA % Mg 2

FVHER R 75 S bR A A HE BRI o ARF5E &
B, KM BPA B AR ME SR 5 CAT X%
il 5 B, (X MEPE VA S, $2R BPA P e £
P b AT T T S R S IR B T BPA X M5
Sl A 18 Wl B8 AN — ST 5 2 B I [) A2 R AT Y

5 fiph ST 2 — D RAT AN | AL RN PR
AR B BUR S5 1, FIIRATR & T K BPA
FEENHEE CA1 XAl A A5 52 . 45 2R &
L, BPA X W BLRY S il Z5 A 52 AN K, {H BPA 2R 5%
fefifi B 221> 5% il S 1D S 80U A O, B4 2 fl ]
B0 48 O L % M T ) i RN 5 fi S B0 AR
(PSD)IY 7S o 5 fih 1] B ~F 6T 1 ol 22328 J5T
g, ] B 14 AT BTG Ao 22 388 T A 6 300 %8 . R Al iy
WM b o3 A A IS B R B A 2 il 33, X sl
TELTE S M T 24y AL R B T DA JBORT 2808 o 3 MY
B, BEE R BT 1) 52 il eV B 22, R SRk S 1Y
AT VE LK (Marrone & Petit, 2002), Weeks 25
i3 2 ol < s R 1 58 (L TP)1F5 3 I 28 fi 0 4 < B
47N (Weeks, Ivanco, Leboutillier, Racine,& Petit,
2001). PSD J&—™ PRI 25 &) o028 Y 2R fil 248,
NEA MM SR T ARE L 2 BT A
G50 TR 450, 595 X4arid FErfE &5
S5 5 (Trinidad et al, 2005), *#>JiCZid #E0] LLiFs
5 PSD H4JE(Qiang, Wang, Wu, Xie, & Qian, 2000),
W 2R O B AR B /D BLICAZ D 8 Y (6] i A B A
PSD (3% JE N2 fi [B] B 97N (Xu & Zhang, 2006),
AHF5E BPA 45 1 B2 ST iC i C W [, S s
i B 5 fih FL T A5 A, 0T MEPE 1121247 o A5
fb A A R, R K BPA B ER i
AR B B2 2T A2 TT RE S HC A T 5 o L TR 45 4 1Y
MR Ko

9T W BPA PSS Ml v S g ML, FRATT
HE— 243 b 1 D b 5 5 kT 9 P 2 U0 AR G 1Y 58
filt 45 (4 Synapsin I Fll PSD-95, 455 % 3, BPA %%
A Ik BLIRE 5 Synapsin 141 PSD-95 /K- & F i, 15
WE BT I AR Ak, IZ45 RS BPA MEGIEFENES
1 e B 5 ik I A ) RN 5 Sk B T 45 A £ M AR Ak
P S FATH R A —2, L Bilam-Stock 542
1H BPA S MEALTE 2 h AN A3 B AR e B AL A
Sz, & F S CA1 Y Synapsin 1 #1 PSD-95
7K (Eilam-Stock et al., 2012). Synapsin I J& 2 fili jij
Fraites e, H I RE 2 T Sl B i 3 5
EBNE VAT, I DR G IR 455 b 22388 J5T ) R TS0 5 f T
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% (Bykhovskaia, 2011; Fdez & Hilfiker, 2006;
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PRI 2 1) /0N BRI O P AT R 9 0 % R R IR
(Shupliakov et al, 2011), KK, BPA it F &M
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7KF(Iwakura et al., 2010), 1 Synapsin I B2 k&
P 5% fl P R OB B — D E B R . B,
Synapsin 1 FKiIK T[S BPA iF5 SR MIE 5
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281247 R . PSD-95 S 5 fil J5 e BANFR MR By I T
SRR, O Ml 2 A S ANRRE ME T, TR S fil
Al YAYE PR B . PSD-95 P R /)N B 2
WO S AL FURAS € PRSI, LTP iS5, i
102 A, iRk Feik PSD-95 11 /)N FU 28 ol i 348 Jin,
TN 241 28 fid s B R S R (Ehrlich, Klein, Rumpel,
& Malinow, 2007). AW 55 & B, BPA A8/ T I
BB ERY PSD B, I R8T PSD-95 FIAZ R
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2 55 246 M 5% fih B T8 ORI 58 figh % 1% (Adams, Fink,
Janssen, Shah, & Morrison, 2004; Sanderson et al.,
2010), PSD-95 AU LI & NMDA il AMPA %
{AF PSD b, Al #5 B NMDA 3214 55 41 ffg o HoAth
B0 TFRIMEER, A, PSD-95 1K Ca* iR Ay
5T AL A R S B R R S FE (X, 2011 N
I, K BPA % &% ] RE i@ i & I 58 Ml 4 A
NMDA A2 AR, 1400 i) 5 ik 649 18 BRI 2 ik 5 T
SERR SRR A, DT O e PR 2 2T e A T RE

TE AR MEPE WA SE 3 W, METCR T REXT i B
2 fi (4 T SRR R TR AR T, MR B9 VE AR
T 4555 (Hajszan & Leranth, 2010), M2 0] 1@ 4 4
T 1) 3 2R 57 1A (androgen receptors, ARs)fiE EHE K
2% 2 it 12 (Edinger & Frye, 2007), It4h, ERs i it
5 SRS 7 W Y 2 T A T IR AR R v X
P22 2258 BT VE I (Ogawa et al., 1998), SEfH— )7
£ 5F/IE K 178-Ey, 53— A4 S0-i8
Jit Sy — S SR A 30— SUHE S B (30-androstanediol),
X B Y5 ERB 4 HAT 5 K I CERB TR 5
BB IYRIE, JE PR A B 5 il v] S8R A
I FHEAZ K (Pak et al., 2005), [A]I, BPA A
{5 o F1 B A ER 255102 9 MR 2 143
SR AP, AT AR 455 R MR
P04 FH (Bonefeld-Jorgensen, Long, Hofmeister, &
Vinggaard, 2007; Lee, Chattopadhyay, Gong, Ahn, &
Lee, 2003; Wolstenholme, Rissman, & Connelly,

2011; Xu et al., 2008), Kk, AR Fl ER 47 Al fig/i
T BPA XF BUAR B /N BRAT A R 5 fish T 9 P 5
(R T B — 20 58 o I AR AL UE 4l L ZEAS A5,
FATRBL BPA Z 55 1Y b BRI 22 B ZKSF T B,
IR T e S ey PV N R i ) N S DN
BPA TEARPY B A 32 PN URPE PR T, (e
I3 19 BPA 7KF- i T 1 (Schonfelder et al., 2002;
Takeuchi & Tsutsumi, 2002), X &6 % Bl /7 7] DA i
FE N AE M BB 0 A2 AT SR RN SR Sl W BB M T S G %
BPA FZH A LA

Zi Bort, BUFERHH O R 88 TR i BPA
AT P ) e R A 0 P /S RO 2 2D e e AT R R
P AR Vi B 2R e Y 8 kT B M, 58 i R RN
NMDA ZAAFIKAKF-M TR AES 5 U i,
T AT H & A2 & BPA 19 H
MKW 28 TAKE BPA g, Kk, b
fIRHR FE BPA 2% 8 X0 N2 N D) BEAEFE — a2 1) £
R XU o
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Abstract

Bisphenol A (BPA), one of the most common environmental endocrine disrupters, can bind to estrogen

receptors (ERs) to interfere with the regulation of endogenous estrogen on the central nervous system. The aim

of the present study was to investigate the effects of long-term exposure to BPA on the learning and memory

behavior. The adult mice at age of 10 weeks were exposed to BPA (0.4, 4, and 40 mg/kg/day) or sesame oil for

12 weeks. In open field test, BPA increased the frequencies of rearing and grooming of the males, but reduced
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the frequency of rearing in the females. Exposure to BPA (0.4 or 40 mg/kg/day) extended the escape pathlength
to find the hidden platform in Morris water maze and shortened the step-down latency 24 h after footshock of
the males, but no changes were found in the females. Meanwhile, BPA induced a reduced numeric synaptic
density and a negative effect on the synaptic structural modification, including the enlarged synaptic cleft and
the reduced length of active zone and PSD thickness in the hippocampus of the males. Western blot analyses
further indicated that BPA down-regulated the expressions of synaptic proteins (synapsin I and PSD-95) and
NMDA receptor subunit NR1 in the hippocampus of the males. These results suggest that long-term exposure to
the low levels of BPA in adulthood sex-specifically impaired spatial and passive avoidance memory of mice.
These effects may be associated with the higher susceptibility of hippocampal synaptic plasticity processes, such
as remodeling of spinal synapses and the expressions of synaptic proteins and NMDA receptor, to BPA in the
adult males.

After acclimatization for one week, adult male and female ICR mice were orally exposed to BPA dissolved
in peanut oil (40, 4,0.4 mg/kg/day) or only peanut oil as a vehicle control from 10 weeks of age throughout 22
weeks. At 22 weeks of age, open field, elevated plus-maze, Morris water maze, and step-down were respectively
used to test spontaneous activity and exploratory behavior, anxiety, spatial learning and memory, and passive
avoidance memory in mice. After the behavior detection, using Western blot method detecting NMDA and
AMPA receptor NR1, GluR1., Synapsin I and PSD 95. At the same time, take animals which were not used in

Behavioral experiments for electron microscope observation of microscopic structure change.

Test results show that the opening behavior BPA (0.4, 4, 40 mg/kg/day) increase the stand number and
frequency of grooming male, BPA (4 mg/kg/day) was significantly decrease the number of stand for females.
Water maze and passive avoidance behavior model test showed that BPA main damage male rats of passive
avoidance and spatial learning memory. Ultrathin slice through the preparation of hippocampus CAl area,
electron microscope observation found that BPA (0.4, 40 mg/kg/day) exposed to lower the synaptic number
density in the male rat hippocampal CA1 zone, shorten the males presynaptic active zone length, reducing male
mice postsynaptic density (PSD) thickness, increase male mice width of synaptic cleft. Further using Western
blot method to detect the synapse the iconic Synapsin I protein before and after and PSD95 and excitatory amino
acids GluR1 NMDA receptor NR1 and and AMPA receptor subunit proteins expression, and found that BPA
exposure to male mice of Synapsin I cut, PSD95, NR1 protein expression level. And BPA memory for female
behavior, synaptic proteins and receptors, synaptic form are not obvious.

Adulthood long-term exposure to low doses of BPA can gender selective damage of male rats learning and
memory behavior and negative change in synaptic plasticity of hippocampal neurons, synaptic proteins and
NMDA receptor expression levels may participate in the above process.
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