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ABSTRACT BACKGROUND AND AIM: To study the effects of dibutyl phthalate (DBP) exposure on learning and
memory of the F1 generation rats, as well as the expression of spinophilin gene in the hippocampus. MATERIALS AND
METHODS: Pregnant Wistar rats were randomly divided into 3 experimental groups and control group, each treated with
25 75 225 mg/ kg DBP or vehicle only(corn oil) by gavage since gestation day 6 to postnatal day 28. The general
effects of DBP on the pregnant rats and the offspring were observed. The expression level of spinophilin gene in
hippocampus of the 21 day-old male pups was determined by Real Time RT-PCR, and the learning and memory abilities
of the one month-old male pups was evaluated through Morris water maze. RESULTS: No overt sign of toxicity was found
in the dams, but the male pups in the high dose group showed shortened AGD and tail length(P < 0.01). In the water
maze test, latency to find a hidden platform was longer in the low dose group than that of control(P < 0.05). The pups
in the former group also spent less time in the target quadrant in the probe test(P < 0.01). Moreover, the expression of
spinophilin gene was up-regulated 35.7% in this group as compared with control (P < 0.05). CONCLUSION: In utero and
lactational DBP exposure decreased learning and memory of the F1 generation rats, associated with up-regulated
spinophilin expression in the hippocampus, suggesting a causal relationship.
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8+2 21 d
1
DBP 1
LDsy, 8~20 g/kg 1
1.4  Morris
1.4.1 120
DBP cm 50 cm 4
SW NW SE NE 4 SE
30 cm 9.5 em
25 cm 1.5 em
Spinophilin ~ Allen "' 1997
EthoVision 3
DBP
1.4.2
DBP 5d 3
spinophilin 3 (SW NW NE)
I min
( ) 1 min
1 15 s
1.1 60 s
DBP Sigma RNA Trizol
Invitrogen PCR 1.4.3
C )
( Eppendorf ) 6d
9700PCR ( ABI ) KDC-160 ( SW) 60 s
( ) Morris (NE)
EthoVision 3 ( Noldus ) 1.5 Spinophilin
1.2 1.5.1 RNA cDNA 21
Wistar 200 ~
250 g 250~ 300 g (DEPC)
SCXK( )2003 - 0005 12 h -80 C 7
(25+1)C 50% + 5% ( 80~ 100 mg) Trizol
1: 1 8:00 RNA
RNA
0d 3 DBP 10 -20 C
1 4 10
( 3~4 ) 6d 3 1.5.2 Bactin
DBP 25 75 225 mg/kg ( ) [2] Primer5 spinophilin blast
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1.3 GAAGGAGA-3- 5°-TAGAGCCACCAATCCAC
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258 bp
a=0.05
1.5.3 SYBR Green PCR
PCR spinophilin 2
Bactin 2 2.1
PCR 95 C
10 s 95 C 5 s 64.7 C 30 s 3  DBP
40 PCR (75 mg/kg) (25 mg/kg)
95 C 15s 64.7 C 1 min
95 C 15 s (P> 0.05)
3 Ct (225 mg/kg)
PCR
1.6 (P<0.01) 21d
SPSS12.0 X (P> 0.05)
x £ LSD 1
1 DBP (n=10,% %5)
Table 1 Effects of DBP on reproductive parameters in rats(rz =10,% =s)
It Control bBP
on oo 25 mg/kg 75 mg/kg 225 mg/kg
Body weight gain GD6GD20 (g) 117.40+ 18.0 115.50+ 15.3 120.90 + 18.9 127.90 £ 21.7
Gestation days 21.95+0.37 22.15+0.34 22.00+0.33 21.90+0.31
Live pups per liter 12.80+ 3.2 12.60+ 3.2 11.40+£2.9 12.00+£ 2.4
Sex ratio (male/female) 73/55 65/61 59/55 64/56
Live pup weight at birth (g) Male 6.51+0.69 6.42+0.52 6.75+0.72 6.15£0.52
Female 6.48+0.44 6.09+0.63 6.33+0.60 5.78+0.45" "
Anogenital distance (mm) Male 3.80+0.15 3.67+0.13 3.72+0.20 3.59+0.22" "
Female 1.38+0.12 1.39+0.13 1.36+£0.16 1.35+0.07
Tail length (mm) Male 17.96 £ 1.19 17.86+1.09 17.28+0.73 16.79+0.41" "
Female 17.98+1.12 17.63+1.22 17.85+0.93 17.02+0.45
Compared with control group: “P < 0.05, " " P <0.01, (pups parameters were calculated on litter means)
2.2 DBP (P<0.05)
25%
2
(P<0.01) (P <0.05)
1 (P>0.05)
4d 5d 25 mgke ( ) DBP
2 DBP (n=10,% %5)
Table 2 Effects of DBP on the results of water maze test of male rats(n =10,% *5)
It Control DEP
en ontro 25 mg/kg 75 mg/kg 225 mg/kg
Hidden platform trial Dayl 44,46+ 11.36 46.50 + 10. 65 44.61+6.72 48.34+11.11
Day2 37.82+11.26 35.19+ 8.36 35.74+£8.14 39.33+9.57
Day3 29.51+7.82 29.46+9.57 28.35+ 8.61 26.41+8.71
Day4 19.25+7.72 27.21+8.94" 18.24+9.48 20.00 + 8.58
Day5 12.86+5.12 18.67+6.04" 12.10+ 4.61 13.46+5.84
Probe trial (%) 34.36+6.88 26.66+4.77" " 26.13+£6.04" " 31.06 + 8.01
Number of crossings 3.90+1.1 2.60+£1.8 3.10£1.2 3.40+1.5

Compared with control group: “P <0.05, " " P <0.01
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Figure 2 Real time Q RT-PCR results for the mRNA of spinophilin (result of B-actin not shown) . A: The amplification curve of spinophilin for

calculating the amplification efficiency; B: Melting curves of spinophilin, indicating the products were specific.

3 spinophilin Bactin (ct )
Table 3 Ct value of spinophilin and factin genes in hippocampus of

male rats(n=7,% xs)

Ct Control DEP
25 mg/kg 75 mg/kg 225 mg/kg
Spinophilin 19.54+0.37 19.09+0.21 19.56+0.28 19.64+0.38
Bactin  16.90+0.18 16.89+0.09 17.09+0.31 17.14+0.23
ACt 2.64+0.24 2.20+0.19" 2.47+0.39 2.49+0.37
AAC - -0.44" -0.17 -0.15

Note ACt = Ct( spinophilin) — Ct(B-actin) AACt= ACt(treated) — ACt

(control) . Compared with control: “ P < 0.05
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