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Abstract: To observe the effect of neonatal exposure of PFOS on the neural behavior and hippocampus in adult -
hood, 80 male neonatal SD rats were randomly divided into control group (Con), PFOS groups in low dose (P5),
middle dose (P10) and high dose (P20), with 20 rats in each group. The PND7 rats were treated with PFOS by per-
itoneal injection till PND90. The Con group was treated with 0.2% Tween-80 saline. The neural behaviors were
detected by water maze, open-fieldtest and rotarod test. The morphological changes in hippocampus were observed
with HE staining. The results demonstrated that the mortality of rats in P10 and P20 group were higher than that in

Con group after 4 weeks exposure (P<0.05), and the weight of rats in P20 group were lower than that in Con

E&WA . FKAARPHERE 4 (No.8160231,81160338) ; Bl Z A A QI H 5 H (No:201410752002) ; T B & AL H 4595 H(NGY2011039)
EB T A R1984-), 55 WL AE  BFSE 7 0] A BE (R R 5 RGBT A WL K i, E-mail: shengsen2334@163.com
* JBIflYE# ( Corresponding author) , E-mail: jianyingt@ hotmail.com



308 rOxO#F

ooz 4R

F11E

group after 8 d exposure (P<0.05). The escape latency was longer and the target quadrant residence time was shor-

ter than that of the Con group in P5 group at 8 weeks and in P10 and P20 group at 4 weeks. The time spent at the

center of enclosure was longer, the vertical rearing was less, and the ambulatory distance was shorter for P10, P20

rats at 4 weeks, and for P5 rats at 8 weeks than those in Con group. No significant difference was observed in the

performance of rats in Con and P5 groups in rotarod test. The morphology of hippocampus of P5 rats at 12 weeks

were observed and showed that the neurons were blurring with nuclear pyknosis. The number of nerve cells in

CAIl and the neural precursor cells in dentate gyrus were less in P5 rats (P<0.01). These results demonstrated that

chronic and low-dose exposure to PFOS in neonatal rats can impair spatial learning and memory ability in adult-

hood,which is associated with loss of hippocampal neurons.
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4= 91 %5t i FR (perfluorooetane sulfonate, PFOS)
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IS RFSLAEAE W] B B ) B 8 0 PR B i r
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PFOS WML MEAG 32 K . 2% T e R pp 4
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1 ##l57i% (Materials and methods)
1.1 SEEd RS0

PFOS(ZHJ =98.0% , 3£ [ Sigma 2 w]), {ff Tt
FH 2%t -80 Bl (46 99% , i i 4l Sl A FR
AT, Morris 7K B Al Water Maze A B4 (L 5T
MRS 20 7], ) 07 37 S 0 FVR 6 55 36 (UK
ZRIAA BRI T AL (SRR AL 2 A
FRZSF]) s RM2235 A 5 U1 LR Leica),,

2B PNDS5-7(postnatal day)fY) SD(Sprague-Daw-
ley)HEVELT R 80 H (T H EERM K 225250 sh iy 0 4R
Ht P ATIES-(SCXK(79)2011-0001)), 51k B 4358
F%, BB YOK, SCRET, 2 R LR EE T iE
MARFE 2 d, A SRR (20 + 2) C, AR E N
50% ~60% , ¥ /T 70 db, HAROGHE,

80 WUt 4 R IR F ML/ 4 41, 430 Xt

T840 Con(F 2% - i-80 f A= BRER 7K 2]) A7) 4l
P5(5 mg - kg PFOS 4). #1542 20 P10(10 mg- kg
PFOS ) . &5 74 41 P20(20 mg-kg' PFOS ), %541
%20 H, JsEE N 5 mL-kg', N PND7 PG 4
2y RERIE T 1R, ES YR 4 7,4 RSN
G 1 KEG25 1 IREYLRE 12 A, il 7E e 4 J7 8
JAl 12 JAAT KRS W 50 e RO S

BRRAT AR R 5, 4 BEHLBEER 3 H AT
BRI JP 1 55 10% 7K 5 SR JRR e, V8 I UG 2 41
FH 4% 1 2 5 HEE B R A LA D) A,
1.2 SEE ik
12,1 —BIEN

WEER BUARE IR 15 3l T 20 BITE L 3E 4
8.12.21 d f 4 .8 ,12 JABIE SRR
122 W 555

PR A RRAAT R 76 BR AR B A 9% 3h 281k, LA
FAE—BaE RS R A R R R AE S, W
W SEE46(100 cmx 100 cmx50 cm FRAE 19 A 5 LA )
I S RE S R A5, IR 4 25 SR/
SER TR HIET 9 A TT RS FR N rh ks FH TS
R EA itk R GAHE S EE L, W R G5
B KBRS A G AR A K BRAE W 3 v 1947 R 55
BRSO AFE I T PO A . KR, R
BRI ZEAA b E i AT5E 5 min, 0 SRS B 0k 57
YRR A YR v e g A B I RIS R, B H
KBRS TR 1 U6 77 46 A BE IR THT .
123 JREESLE

MR K B 32 ) D R RS- g 1, K4 s
FF(EAZ 3 em)K 2K 50 em, JH4 @R BE N 5 B,
FHESHR B FF K BB A 3Z 52 0], 557 16 r-min , K
BUAEFEAT DI IR ICAT JS A8 F Bhic i, G k7%
E S RS A5 S e IS B F e S el S
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IRK SRAEFEFT 138 S A i), 40 K B A e )R
A& 5 min, JCSRSEPRIA]; Gk 5 min, id oy 5 min,
HIREE>] 3 d it BER LR 3 k. KA BEAT 3
W HCEA
124 Morris 7KK E S5

BN R R P 2 8] AL B 2% T iR 1 e
Morris 7K 2 B 73 T 22 4t B 7Kt (B 4% 120 em, KR
22 cm), BEEF- 5 (EAE 9 em, & 21.5 cm), #1543k
HLINZE 8, K IRARFRTE(24+2) °C, FE AL Tk R
2 cm, S EERYTE H R N 20 cm, ® 4 RATENL
AT, A HAF 2 68 1, 58 5 RATAS MR R 5K
By, S HIFE G BRI BE Y, PR R bR ki
TR, 2B H ARG BR8] 38 R Bk

R S5 5 ¥EAT Morris 7K 26 B 5286 ) Bk
53R 4 ASGBR K K BN A~ G B v S i v BE
A TKH B SR BN ATK B $R 3F & AY Bsf 1] (R
PR, 9K H RN Z BRAK I3
VIR #EEIZR 4 KR, IE SRS M52 6e 1, %5
KL 6, i # K BRAA K 23] FF 4 5 R
], LA S0 FERE 1 . R B HE 60 s IR
EF-75 , BHEE SRR 60 s,
125 W44 HE Je b,

FERAT AR S, 4 HREHLIEE 3 HOK R
10% 7K A5 G RIS, BY JF B, R 8O0, A ZE 00 2R
AT ATERET  BY A O E e F AR AR K A T
Wi, PRI e T4 5 O 4% 22 38 P I A4k 25 T it
24915 min, 4/ FRUPU JEE (A , B Sk BBURG B 4% 2R H
fEH 4C IR, 220 F 11 M 4L 2, A 0 38 i
SRR 5 pum JEY) A 47 HE Yo (0, BBt
B AU AT IR OB AL W SR 5 B, R
HPIAS-1000 755777 W B2 % (s BRSO o0 B R 46, 4748
T4,
1.3 Gil2Frik

BT K 45 LA (x+ s)#on, K SPSS 15.0
BRI ST 53 B, 2R FH S R 5 25 4304, 4 1)
o Student-Newman-Keuls #6556, P<0.05 25
A Wk,

2 52 (Results)
2.1 HiAE R PFOS 18 5 88 )5 1) — e 22

Yurg L 45 41 3h W ik B NGE Sl R B3 R AT
YR 4 J5, P10 A1 P20 PHAL4h RUE B U, JF XS
B DCLRAURE, B AT S R B 2 3 Y™
BN, P20 4 RIS BN B 1A 4l R

AELLE, )R IR W W3l PS4 AE Yy w1 E) 4
FREIAE S Con 2 HLA— LRI TCIA 8 25 5%
2.2 HrAE R PFOS 18 7% 58 XA 5 Y 52 1

B 1 s WY 8 d JFiR, P20 41 %) FRUAR E 3
K50 B LE A H B 92 (P<0.05); AL RE 12 d JF
1A, P20 04 UK H AR T P5 2H(P<0.05)(WLIE A), B
% YL Rp At (A AE K 22 S R BUAS T i oA ), X b 22 R —
HRFZEF ALK B), H P5 ARG 8 f i,
RFE Y Con 4H LLH, tHH B I8E2(P<0.05),
2.3 A B PFOS 12 2 58 X PR T35 A4 5 )

F 1 Won  EYLEEIE] P10 4R P20 ZH 4 FRLAT

A 80 T
70
60
)
0=
f# & 50 1 {
S
= = g ——Con
40 b
P5
30 T ——P10
——P20
20 t T T .
4 8 12 21
il /d
Time/d
B 300
250 1
200
o2
jgil 150 o
=2 OCon
100 NP5
50 4 @P10
EP20
0 )
4 8 12
i 1 / JE
Time/week
1 #4R PFOS EREXEEHHIG

B A 48,1221 RIKE LE K B A 4.8,12 JARE LA,
5 Con £ 145, P<0.05,° P<0.01; 5 P5 4 4% ,° P<0.05,9P<0.01,
P5.P10 P20 439 5 mg-kg™! .10 mg-kg' .20 mg-kg™! PFOS 4,
Fig. 1 The effects of chronic neonatal exposure to PFOS
on body weight in rats
Note: A, weight on 4, 8, 12, 21 day; B, weight on 4, 8, 12 week. °P<0.01,
2P<0.05 vs Con group; ¢P<0.01, °P<0.05 vs P5 group. P5, P10,

P20 are 5 mg-kg!, 10 mg-kg!, 20 mg-kg™! PFOS treatment groups.
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Bk VLK B, 1 PS AIAEYLE 8 Ak v R 1
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B2 #H4ER PFOS (2REX = EF 121288 TR 8 m
A R 4 KR E I IR R LU I B S 4 8 12 R R ; I C S 4 8,12 JH kR R L 81 D S 4.8, 12 A Hiw
SRR E] L5, 5 Con [L#Z,2P<0.05,YP<0.01; 5 P5 4H 1%, ©P<0.05,9P<0.01,

Fig. 2 The effects of chronic neonatal exposure to PFOS on spatial learning and memory in rats

Note: A, Escape latency on 4 week; B, Swimming trajectories on 4, 8, 12 week; C, Escape latency on 4, 8, 12 week; D, Residence time in target

quadrant on 4, 8, 12 week; ®P<0.01, * P<0.05 vs Con group; ¢ P<0.01, ©P<0.05 vs P5 group.

® 1 BBl PFOS 18 255 X FET- 3R BRI
Table 1 The effect of chronic neonatal exposure to
PFOS on mortality rate in rats

45 BHUR 4R 8 /R 12 /R FerHy R FET2/%
Group Totality/individuals 4 weeks/individuals 8 weeks/individuals 12 weeks/individuals ~ Mortality/individual Mortality rate %
Con 20 0 0 0 0 0

P5 20 0 0 0 0 0

P10 20 4 1 1 6 30

P20 20 8 4 1 13 65
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T Con ZH(P<0.05)(WLIE C), H A5 FRA5 £ Bif [i] i, 350 -
TEYLEE 12 FIHEL T Con 2H(P<0.05)(WLIE D), 300 -
242 WEELE ,E 250 1
#2.3.4 R P10 P20 415 Con 41 Lb4%, Yt E ;:; 200 -
4 JE gk 45 BRI 1] 4G (P<0.01, P<0.01), 352k B §T 150 -
(P<0.01, P<0.01), BH 2 5(P<0.01, P<0.01), & TE 100 -
MRV B ZEE R EOG I B 22 5(P>0.05, P>0.05), iX Fif 50 O Con
SO — EAFLERI AR MITEYLRE 12 JA S, 55X Bt 2H 0 | : , BEs
Hﬁﬁ,PS éﬂ%ﬁfﬁiﬁﬁ*ﬁ’%*ﬁ@%’ﬁlﬂ%@@éﬁ@< 4 8 192
0.05), 3 3L A /P (P<0.05) , S AT B B 4 J (P< i 41,7
0.05), ¥ BATGE 222 52, fime/eek
243 IREESLEMEL B3 FERPFOS RFEEBEBRRRIRER
K 3 5o, PS AL RAEYLsE 4 8. .12 JEIN, TE4EFT Fig. 3 The rotarod test results of rats after
RG] Con 20 LA TG B2 5 (P>005), chronic neonatal exposure to low dose PFOS
Fz2 PFOSL£F 4B HIHRER (X< 5)
Table 2 Effet of PFOS on neural behaviors in open-field test at 4 week (X+ s)
255 AR EL rh A f5 BRI 18] /s T IREL S /em FHEUEL
Group Modification times Time spent in center of enclosure/s Vertical rearing Ambulatory distance/cm Stool frequency
Con 5.05+1.64 19.80+4.62 40.85+7.43 4 726.80+782.84 2.90+1.45
PS5 6.25+2.02 29.60+7.45 28.40+9.24 4 831.20+886.92 245+1.73
P10 5.50+2.45 33.75+7.23° 23.69+7.90° 3 654.50+£566.14% 2.76+1.87
P20 4.00+2.16 37.00+10.18* 19.17+4.69" 2 964.33+498.41™ 2.50+1.35
TE: 5 Con A" P<0.01;5 P5 4 HL4E,° P<0.05,4 P<0.01,
Note: *P<0.01 vs Con group; ¢P<0.01,° P<0.05 vs P5 group.
&3 PFOS #ES AN FHLWAER (xx )
Table 3 Effet of PFOS on neural behaviors in open-field test at 8 week (X+ s)
20 51 BMVEL Hh AR f5 BRI 8] /s DIRVRY € MBS /om FHEYEL
Group Modification times Time spentin center of enclosure/s Vertical rearing Ambulatory distance/cm Stool frequency
Con 4.15+1.43 20.10+5.97 41.91+8.59 4930.61+919.65 1.65+1.26
P5 4.60+1.94 29.55+11.74* 31.25+10.87° 4 141.42+959.70 2.35+1.66
P10 538+1.72 37.58+7.63% 28.17+9.63° 3 810.67+1052.09° 225+1.65
P20 423+2.83 42.14+10.32% 25.22+12.34% 3572.01+£992.16" 1.93+1.54
.5 Con FLIR,* P<0.05,° P<0.01;5 P5 4l %%, © P<0.05,4P<0.01,
Note: °P<0.01,* P<0.05 vs Con group; ¢ P<0.01,° P<0.05 vs P5 group.
Fz 4 PFOS 45 12 AW LWL R (xt5)
Table 4 Effet of PFOS on neural behaviors in open-field test at 12 week (X+ s)
2551 B R EL rh A% f5 BRI 18] /s DITRYVAY @ 3 SUEE /em FEMEIREL
Group Modification times Time spentin center of enclosure/s Vertical rearing Ambulatory distance/cm Stool frequency
Con 7.10£2.40 22.70+6.38 40.35+11.18 4 802.00+£968.54 2.93+1.67
P5 6.65+2.16 32.45+10.52° 31.60+8.59* 4 095.60+893.04° 2.67+1.88
P10 475+2.71° 42.63+10.78% 22.5+5.55% 3 115.09+890.95% 2.76+1.87

.5 Con HAZ,* P<0.05,° P<0.01; 5 P5 40 LA, © P<0.05,
Note: ®P<0.01, P<0.05 vs Con group; ° P<0.05 vs P5 group.



312 rOxO#F

DL ESiES

2.5 L4 HE efn

K4 Gon, e 50 P5 405 Con 41 5 X B
B LA T 25 5 (B A e s 12 JE R, Ps 4
IR 2T HES ZE L RS RO | A [ 4 B R A ik
K M3z e (L E A R B), 3 H. CAL X i
gk tR [ ] DX 28 A 40 e 55t 2 F Con 4H(P<
0.01, P<0.01)(WLIEl C Filldl D),

3 i}i8(Discussion)

PFOS 1ER—F ) IZ AFTE (I RS R A A LTS G4
W HENRRE I — e 4~ 6y BRI SN
YEREFES R 2 K, A 575 #iif, PFOS #l £
BEPE 5 4 M P AT B U B T AR A G Y B IR
ARE XKML 2 8 32 1 128 mg - kg i
PFOS 443 Wistar KB, 45 8 & B 5 0T RRALAH L, 2
78 I K RSV S 4 B PR %) 5 25 R B I 3 T v, i L
B o4 7] St 1) 8 0 P, 4R A AU o e g

K E(PFOS #4450 .100 1 200 mg-kg™ "), F 4

12 week

P5 ,"f:-' VAR i

@)
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100 b

D
=)
|

40 1

CA M2 Ak
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(0.0}

S
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[N}
=)
|

(=}

i)/ JAl

Time/week

L AU T RN S B AR A A B AR 434 K B 2
AY) 7 2R SO PR AR g BR A TR AR L, P35 AR
IR RERG L, A R BRI B2 J2 T 5 /NI Hh R i
i 55 %5 REAAR L34 W e s, R W PFOS Al S804 2
fRF 7K LI BOA PR 2 R G TP R 2R &
HIF 5 ] e & PFOS #f & s HLHl 2 —. 55 4k,
Austin S BUIE FE 5T PFOS(10 mg-kg ', 3t 2 J#])
BEAS 10 R U Y A B L R R Ak

B PFOS 2 i 1Y 35 B 22 300 8 T iz A
58, MR BE PFOS (135 PE SN 5 # 9 200, L,
oMk B8 M PFOS 2 58 01 422 3 S bR i N8R 5805
4t Johansson 2" PFOS(1.4 #1 21 pmol-kg "4k
B PND10 #Hr4E /N, &P 21 pumol - kg™ ¥ B 40 ] L)
SHE/NR ARSI Re g1, 0 2808 &1 h(Wnis
Bl KB FLEAARTE 2h) s b, Hoax il 28 3 PR R
LR BAE(4 A ), Fuentes 2 %F 221 12~18 d
BN EFT 6 mg-kg' PFOS #E 15 YL 5, S B
BAEJ5 25 [N AC T et 405 A K AT M kb, F R SEN

12 week

160 7
140 A
120 A
100 1
80 1
60 1
40 7
20 1

[ X 2 41 i 25
dentate gyrus nelve cell number

I 1e)/ /A

Time/week

E4 #FHER PFOS RFEBEZEBEMA(HEx40) (B A F1B),CA1L X (E C)#HK (E D) HiaEE 0
E: 5 Con L, *P<0.01,
Fig. 4 The morphology change of rats after chronic neonatal exposure to low dose PFOS in hippocampus (HEx40)

(Fig.A and B) and the nerve cell number of CA1 (Fig.C) and dentate gyrus in hippocampus (Fig. D)

Note: ®*P<0.01, vs Con group.
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i PFOS /K (5 mg F1 15 mg)X} Wistar 11 &,
FHEFHRBEZR)E 6 J8, RSk EH 15 mg
SEOR A 2DICICHE T TR, ARV BE AL 5 mg XK
Fl2 S e A2 BE S JC B B, (H AR S B AR Ak R AT
WEL . AWFE i 1 Morris 7K 3B 25 [0 124247 N 2%
WK PR AR B 18 M PFOS 2%, L% 4 Rk ik
TR I AN B bR G BR 45 B A TR B MR A (H AT S
MR TR V) B W K, H AR G PR A R s 1) B 4
B, R B A RAGR R84 PFOS 2 i F XS 4))
SRS ]2 2012 68 D152 W A B B H S 7 AR e 5
s ()2 2] e e TR R

W3 S 56 OB URR S5 56, 2 P S 56 sh ) 7E B
W A 88 WRAT N S B E N —F Tk,
KO- 55 B 4 - 50 S L ST R B 3 ) T T R B R
RAT R B LA R S, v e 45 B ]2 s 2
EIAHIBE T R, 1E % 3h W) 45 b JF 25 0 3 855, iR
B FE R A% U T S Bl DR K T 1 R A T4
R B NE KB Z | P oA 45 BRI e g dd i B
Y HTIR BT T 9 6 R BE g 22, 0452 B3 7
HR A AR R T gl 2 FiE K T 7K S 885 A 50 R BT
WHEOE >, ARAFFELE R BoR, P10 45 P20 417E
S 55 BA B TR K, il ST R B0 R HE 8 450, PFOSS
MRS 2 88 PS K RURAE G, A FiGshiak
JIFERFE R 1YW sk, 3R] PFOS A LA £73 /)N
FUSAEJE B B ERHRRAIT A, Butenhoff %" A 5%
UEBH  PFOS fE W8 i R B A bl 28 2R 5 2% oy L g
AT R G U 1) 5 B R AR, 80555 /0N BRI B T 3
MAEFTHEE S, BRI SLE T PFOS IRk B
P5 41 50 B LR, R G FERp 2t [ G i
25 KWLk B 18 PE PFOS 5 87 % 41 FUSAE 5 19
INSRZISERIE WAl Wi K821

PIAE & 1, PFOS % 2 fig 52 i K By 4= K &
B AR & B RS T SRR A PFOS
TR IR 8 d, UREE B B R 2R | L & Bt
T, AR o 2 8 K R e o R B A 6 K 5 0
YITCH 25 5 WiTERRLL 2 R 12 JAl s HR s 5 0 i
2 A B . — LRSI PFOS 1] B i
THAB A RFENER, Bk R/ BURBE D
o % IR B AR AR A IR P gE ALY
(%) PFOS , F= L4341 T I | 1L LA BB 45 R il Bz o,
M, T PSR4 AN X, WA S s R 29 4 R
J& 3 TEP B A b AR ORI 2 koK = A AR Y
AR by 2B 4K 98 1 (growth spurts) 1, 32 3l I

A8 77 LA BN % ) B3 5 3k B T 3B ) 2 sk R 9 RIER
B YA Y g 4 A A A A
S NFE S NI B A, BFSE R i E 2
PFOS 1)— > FE WS E , )2 PFOS By F 2 5 4
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