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Effects of DEHP exposure on spatial learning and memory of offspring rats and on
expressions of hippocampal synaptic plasticity related genes in rat’s hippocampi
WANG Yong-jun, LI Yong-ning, MA Ning, JIA Xu-dong
(National Institute for Nutrition And Health, Chinese Center for Disease Control and
Prevention, Beijing 100050, China)

Abstract; Objective The purpose is to evaluate the effects of di-2-ethylhexyl phthalate (DEHP) on the spatial learning
and memory of offspring rats and on expressions of hippocampal synaptic plasticity related genes in rat’s hippocampi by
lactation exposure and explore the molecular mechanism of this process. Methods Mated female rats were assigned to
four groups of 8 animals each based on a weight-balanced random allocation scheme after copulation. Mated female rats
were administered different concentrations of DEHP (0, 5, 50, 500 mg/kg BW) by oral gavage with a metal catheter from
PND 1 through PND 21. Spatial learning and memory were measured continuous 6 days for young adults (PND 65 days to
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70 days) with Morris water maze and the effects on expressions of hippocampal synaptic plasticity related genes mRNA in
rats’ hippocampi were detected by Real-Time PCR. Results In the location-navigation test in Morris maze, the latency
time of 500 mg/kg BW group was longer than control group, and there was statically significant difference (P <0.05). In
the spatial probe test, the distance percent in the target quadrant, time percent spent in the target quadrant and the
frequency of crossing platform of 500 mg/kg DEHP group were less compared with control group (P <0.05). According to
the data of Real-Time PCR, comparing with control group, the expressions of hippocampal synaptic plasticity related
PSD95, CREB, PKA and CAMKII mRNA in 50 and 500 mg/kg BW groups were significantly down-regulated respectively
(P<0.05). The expression of hippocampal synaptic plasticity related BDNF was down-regulated in 500 mg/kg DEHP
group compared with control group (P <0.05). Conclusion Lactation exposure to DEHP (500 mg/kg BW) could
produce developmental neurotoxicity and has effect on spatial learning and memory of offspring rats. The inhibition of
expressions of hippocampal synaptic plasticity related genes such as PSD95, CREB, PKA, CAMKII and BDNF could be the

mechanism of this process.

Key words: Di-2-ethylhexyl phthalate; plasticizer; rats; lactation exposure; spatial learning and memory; synaptic

2015 446 27 555 3 W

plasticity; gene expression

A% R (2-2.3k 2 3E) iR ( di-2-ethylhexyl
phthalate , DEHP) J&—F i UL 3 57] | J@ 4B 2% — W iR
6251 A%) ( phthalic acid esters, PAE) , A] 34 fin ¥8 k)
(R R s, 2 Tt | B B A
BIFIES Y7 5, DEHP HA — & BT B 45k, ol
PROE o R R (1 N W
)P R ABIEES L YA IR R FE
DR TR A RELH S A BT R £ DEHP, 3%
nlpg syl Ll 2 )L FL B DEHP 2§, It
AN A K & R, O R B R R 5
DEHP %5 5 ik A X4 28 22 40, AT 5 R 3 2 7
w2 E, Hil, & EFEZ%E 5T DEHP [
AR R PR BoE AR B B X R
LI R e M 2 R B R R, AR
B4 3 3o 0 P K B DEHP %2 82, 1 M 1 FL 1
DEHP % &% 0K B2 (8] 2% 2 1842 68 01 DL St 5
Ml ] SBPEA OB B mRNA ik A952 00, 420
WA R F U L, T — 2058 AR
TRV RS

1 #R5FE
1.1 Mk
1.1 SERsiy

SEER AP [ b 5 4 E R AR S sh R A
RN [ AR P2 T IES : SCXK ( 5T)2012-0001 ], SPF
ZMEPE SD KER 40 H R 220 ~250 g HEPER R
40 H KT 230 ~250 g, B T B 4 il vy
YL [ S5 S W A VAT IES SYXK (5)
2009-0032 ] , IR 20 ~24 °C , AHXFIE 40% ~70% ,
TE N PR 1A TR,
112 EZEEFHIEH

1Q5 52 % 1 PCR X LUK IS [ € [ Bio-
Rad , Morris 7K 285t ( At 5O MRS B 5 A BR A ) )

VideoMot 2 #IAH I BR 5 AT R 45 (#5F TSE) ,ND-
1000 & 541/ 71 U356 EE 1 (3218 Nanodrop)

DEHP DEPC /K1y H 3¢ [E Sigma, HHI i ( 45
W3 AT B 4210 RNA BEE Al b5 & .
c¢DNA & i85 & . Real-Time PCR Master Mix iz 5]
¥ Aot R R A YRR R AT,

1.2 ik
1.2, 1 SEEesh¥y 4l Ak B

SIS AR B 1.1 R, o H R R T
&S BRE R A [, A AR IE N AR 0 d B
A BRI U S AR, O3 B IR 3R, A2 KR
FEARTE AL A 1 ASXF R ALK P 3
M, A8 H, SR ARG, N7 EH 1 RITF

B, S 21 d R OE B YL RE, R 0Bl
KHEE LT 5 .50 F1500 mg/kg BW DEHP-H{H i
W ¥R T 5 ml kg BW BIOHEMIA W . F UL A
JE5 4 K, BT REGEIRE R 8 K MR, T
B AR S5 65 K, B4 DA A5 83 T B AL 326 BBURFE 14 B
1 2, 347 Morris 7KK B85
1.2.2  Morris /K25 5"

RIS FH /K 2K BN —EL A2 180 em, & 60 cm (115
Bk, KR 40 em, ZKIRAEE Ry 22 ~25 C, 7Kt
G5 1L IV 4 AR 78 TV RBR [l BE
2% 30 cm A T— A2 10 em 5 30 em FYEE (G R4
6, FEMRTKIE 1 em, KT e 8114
ML, SIEPME , fc5 B VideoMot 2 AR R A5
Bl BHSEAINEL S d, BRI 3 ), 055k
BT LUIL TID G2 BR gt 30 94 4% 19 1 i T ) e 2 A K
IESER R 60 s WHREF- & (Y B[] (3 ke AR 0 o
WA 60 s AR5, WA K5 RHEF5, 9
TREF 10 s, BEREERITIC SRR 60 s, 5 6 R T
R ZRL, B L &, KERAESS 1T 5 B 1 w
AR HR MRS, Gt KB AKG 60 s NTESS



DEHP %55 0§ TR 523 8127 2T 1L 12 RE 3 T B 5 fih il S8 1A AR DG 2 11 5 PR 8 152 )

Tk, % —239—

SRR X AP I | B T R 2 A 5 0 BB, FE
23 AR R 45 A5 R4 T 0] UL 53056, B FRREF
G B I B ARG CE W AR S,
KBRS 56 AT UL, FR A T 3 R R it Dk 3
KOS ARSI W5
1.2.3 Real-Time PCR il 5E 3£ K K15 M
FRAEES 65 K, BEMLE UMM TR 1 H/
55 R AT 8 FUME R BRI vk b bR B fii 2 21
IFA3 B M oy B e Th 40 40, R B RNA #2506
FIE B 215 RNA, X B RNA 4717 Bt I A
JiE F, PRSI, I3 1k ND-1000 43§ #2258 4h/ 1] UL 43

TR TH I A8 Aygy/ A, LU H SR A I RNA Y &6 B
RNA #0052 J5 , #FH cDNA & S H &6 2 ue
RNA jWi%4 5%k ¢cDNA, PCR §" 34 514,95 °C HiAs 4
2 min,94 C 10 s,iB K 30 5,72 °C 30 s,40 PG
GEJGRENZR 1), TEFREEHRE 60 ~95 °C 2218 Tt
T, AR A DR U it 28, 3 3 Bio-Rad A W] B
W PCR RGU A, WA ih £, 0 5% Ci {H, R
2220 e AT MM 2 e ACE = Crygyyy -
Ctyysyp s DA ACE = ACtyy — ACtyg; F1 272295k
S5 A A A 3 R AR R SR GE KO, £
ST IR E B LR 1,

# 1 FHHAY GeneBank ID 5|¥F5] B KIEE A BKE

Table 1 ~ GenBank ID of primers, gene sequences of primers, annealing temperature and fragment length
R % B GenBank ID L]l B KIRE/C F B /bp
F.5'-GCGGCAACCTTATCTTCTCA-3’
PSD95 116681 57.6 110
R:5"-CCAACATCACAGGCATCATC-3’
F.5'-TAGTGCCCAGCAACCAAGTT-3’
CREB 81646 53.0 114
R:5'-GGGAGGACGCCATAACAAC-3’
F.5'-AGCCTCCTCTGCTCTTTCTG-3’
BDNF 24225 56.0 140
R:5"-TGTGACCCACTCGCTAATACTG-3’
F.5"-CCGAACTTGGACCTTGTGTG-3'
PKA 25636 57.6 125
R:5'- AACCAGCAGCCATCTCGTAG-3’
F:5'-CATACATTCGGCTCACACAGTA-3’
CAMKII 24246 53.0 104
R:5-TATTCTGCCACTTCCCATCAC-3’
. F.5"-GGGAAATCGTCGGTGACATT-3’
B-actin 81822 56.0 76
R:5'-GCGGCAGTGGCCATCTC-3’
1.3 GEiteEor 60
Y > M 4 TA K 55
R SPSS 11. 0 e HpF kA7 1 56 K 70 A o 50 .
\ Vi Al _ . . “L e ~ 45 -e- Control
TR & £ 5 F8, Morris 7K 2 B 56 Bk 7 Z 10 * .
N Wb S \ L T 5 N = =+  S5mg/kg
QR IR R AT MR 20 B T
: * /kg
FLA R T L1 2207 22 400, T LSD v X o ®as 500 meke
FrA oA U, KB K R « = 0. 05, 15
i 2 3 4 5
2 R UESS
Z5
2.1 DEHP XJ K Morris ZK2E 5 % 217 4 (1 5200 VxS IRALREL P <0. 05
2.1.1 [&arFaits 1 DEHP X Bl Morris 7K 2 30K 499 11 5

Bl 25 Y25 R S | 45 207 BRI 114 396
BRI B B4 5 (P <0.05), miladl
(500 mg/kg BW) ZEVNZRIE5E 2 ~5 KA 5 XF
HRA LA, 4R IR B /N, 2 S A et 22 (P <
0.05), FEWLIE 1,

2.1.2 ZMFERAK

EEBR RIS T, B % DEHP 2 &5 7 & 1)
BN, A4 H R G BRI AR I 40 He L H AR %R R 45 51 1)
[ 4 LU R 28 38T 15 ORI L 3R R R A (L SR
2), SXTERA A, 500 mg/kg BW 74 2H 1 FLTE
HAn 5 BRI FE B 40 be | H AR5 BRAS B8 B (8] & 43 L
FRTP BB T AR, HERF AR E
X (P<0.05),

Figure 1 Latency time in Morris Water Maze test of rat offspring
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Table 2 Data of space probe trial of Morris water maze

test of rat offspring

15 Hirg R HArG R 5 FHOTH
- BEE S/ %  RREA /% WE/K
o] 41.44 £10.69  43.53+£10.23  6.00 +1.86
A 40.70 +9. 18 40. 60 +9. 56 5.50 £1.42
(5 mg/kg BW)

rp R A 39.79 £5.52 38.10 £5.90 4.76 +1.48
(50 mg/kg BW)

TR A 30.01 £9.54%  26.73 £3.73™  2.76 +1.04™
(500 mg/kg BW)

xSRI LR P <0. 05 S 5% BEZH L # P <0. 01
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Figure 3  Effects of DEHP on expressions of hippocampal

synaptic plasticity related genes
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