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TR EAEE K F-1(insulin-like growth factor 1,IGF-1) RIKAIM . ik W42 12 d B9 48 2 SD MEr: KR, b
BLIY o 4 HE T AFFRIE R PFOS(0, 5, 10, 20 mg/kg) ,JELLHET 7 d, 7642 19 d IFARSEZAR ), A6 28 RURI AR SR
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BBZH (P< 0.05) , IfiL & A= 1k T & 12 22, 5 4% #2 1t ( alanine aminotransferase, ALT) 5 K 7] & & 2 & L 5% #2 i ( aspartate
aminotransferase , AST) BB % PFOS 25255 1t (G =5 ( P< 0. 05) ; PFOS 10 mg/kg 41, 22 BV GC KFF =
(P< 0.05) ; a4 IGF-1 ZiA/K-F- i PFOS FIR TS MiFEAR, 4518 22 KWIREE PFOS & T 242 UMY PFOS &
HEM, W FEURBFEM,GC S RIS, IREAL ICF-1 Rk KFRAL, & RN KER .,
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Effects of exposure to perfluorooctane sulphonate at different
doses on embryonic development and expression of placental IGF-1 in rats

GONG Afang', LI Yinsheng*
(1. Zhengzhou Shuqing Medical College, Zhengzhou 450064, China.2. Xinxiang Medical College, Xinxiang 453003 )

[ Abstract]  Objective To explore the effects of exposure to perfluorooctane sulphonate (PFOS) at different doses
on embryonic development and expression of placental insulin-like growth factor 1 (IGF-1) in rats. Methods At
gestational day 12, pregnant rats were exposed to different doses of PFOS (0, 5, 10, and 20 mg/kg) by gavage for 7 d. At
gestational day 19, the body masses of pregnant and fetal rats, liver organ coefficient of fetal rats, serum PFOS and
glucocorticoid (GC) levels of pregnant rats, and IGF-1 mRNA level of placenta were measured. Results Compared with
those in the control group, the serum PFOS levels of pregnant rats in the treatment groups were significantly higher with
increasing PFOS dose, while the body mass of pregnant rats and the body mass and length of fetal rats exposed to 20 mg/kg
PFOS were significantly lower (P < 0.001). Fetal rat liver organ coefficient in the treatment group showed the same trend

of a marked decrease (P < 0.05). Blood biochemical alanine aminotransferase ( ALT) and aspartate aminotransferase
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(AST) also increased with the dose of PFOS (P < 0.05). Treatment with 10 mg/kg PFOS increased the serum GC level of
pregnant rats (P< 0.05). IGF-1 mRNA level decreased with the increasing PFOS dose in placenta. Conclusions PFOS

exposure during pregnancy can lead to liver toxicity in fetal rats through the maternal accumulation of PFOS in the serum,

increased GC concentration, and decreased IGF-1 mRNA expression, thereby affecting the growth and development of

offsprings.
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1 #FRFFxE

1.1 XY

SPF AT MEME SD KB 48 H (42 11 d) , )i
it 240~280 g, {5 = ZEE KA shPyrhucy, 5Lk sh
Y PR S [ SCXK (H7) 2015-0005] , fFET
B2 BB SPF s b [ SYXK (75)2017-022 1,
T35 54 . 22 1R 20°C ~ 24°C , AHXT IR B 40% ~ 70%
JEREHEIA 12 h/12 h, A HARKERE, JHESR sy
IR 3R JENZ5 T NGB R, S5 sh P s Al e
PR A5 2017062302,
L2 FERFSME

A5 e R P ( H2012067 ,99. 00% 43 Bt 4,
3 & Sigma 2% A]); Tween 20 ( H2017231, Sigma-

perfluorooctane sulphonate ( PFOS) ; exposure; embryonic development; IGF-1; glucocorticoid

Aldrich, 3E[® ) ; RT-PCR {7 & (Jb ot KA A= LRl
ABRAT) s RT-PCR 51 b S 4R 5 57 5 A7 R
N A R I W OB K BT E ELISA K R &
(52018031, BIN AL AW AN F]) s RNA $2HGK
F £ (82017023, £ [F Omega 23 7)) o 4 H ShEEHRIX
(Bio-Rad iMark, 3¢ [ ) ; ¥ ¥ & 0> #l ( Eppendorf
Microfuge 20R, 1 [€ ) ; 5Z B} 2¢ )6 & & PCR X
(StepOne, Z£[E ABI A 7)) ;5500 QTRAP U FT-£k
PEES T BIF & A S K R 48 (AB SCIEX A Al ) 5
ZorbaxXDB C-18 {4 31% 4 ( Narrow Agilent, 32 [# ) ; Ik
TR VKFA ( Thermo Scientific Forma, 3¢ [# ) ; B T K
(Sartorious 23 A, fE [ ) 5 T30 288 75 I 240 M a i A
( Thermo 2], 5 [E) ; Milli-Q #2407k {% ( Millipore 2%
Hl) s XW-80A JE#R iR & ( FIEERANEST ) .

1.3 XWHE

1.3.1 Sredmiess

BEHL 2> M 4 41, XF BB 4 (0. 5% 1K T2 43 By
Tween 20) , fi5 Q4 EE4H (5 mg/kg PFOS) | Hpif|
PR (10 mg/kg PFOS) Flp 7l & YL 57 41 (20 mg/
kg PFOS) ,B:2H 12 2, JeRg4 SD 22 fl & K H
PFOS 1 ¥, 22 12 d |42 18 d FF&eYesi 7 d, X 1]
HLET S EFIBOH 0. 5% Tween 20 HIKIEW . 5+
19 d B 86 B LY 22400 JRR e I 0 R BB LA i BRI G
FeJa s BUA BT = ARG R, 3
~6 HAh B, Wik b5, SRRy B A 40 W ARG R -
80°C LRI
1.3.2  Z2RUMLHE PFOS F1 GC /K- &

B2 BRIV 3000 1/ min, 4°C B> 30 min J5 W&
T SR H ORI R AL PROS
i, 7 PR IR OSCHR e BRI T R R R R
ELISA 307 & vd B A5 854 , FH A AR 0 e 5% GC
W IKF-,
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1.3.4  Jiidd IGF-1 ) mRNA Fik /K-

HAREHLE 4 DG4 30 mg L2401 0.5 mL
TRIzol & , H1 20 ZVBHF B A 70 43 BAF B | AR 4l 38 7] & i
B, R SD BRUIGZEAY B RNA 0054 5%k cDNA | 52
P tE i PCR UK IGF-1 335, UL Rpsle NS
T IGF-1 ikt W AMF 95°C HAE M 5 min, It
J5 G IS 959C .30 s, iB 2k 60°C | 30 s, fE fift
72°C 30 5,45 NMEAE. 51T IR IEMm .5 -
ACTCTGCTTGCTCACCTTTACC-3 5 /& Ia. 5 °-
TCATCCACAATGCCCGTC-3’ .
1.4 FitEHZE

K HI SPSS 18. 0 #AF #4724 73T , Excel #1F
YERL, 28 8 e hnifE2E (2 =5 ) T,
¢ KB 45 4 B AT 43 AT, LA P< 0.05 /R 257
A EE,

2 #R

2.1 AREFE PFOS B3t ZRMPBREAREK
Rz oA

gk R I ARG BUA AL TR, S0
N, YT e 2 R R TR B TR R R B
PFOS Fil 2t (4 i AR o S o {1 5 B &8, v )
it PFOS YeBE4H (20 mg/kg) 22 UM BT o4 (208. 78
+19.45) g, 5% MEZH (0 mg/kg) L 25 54 B35 1k
(P<0.001) . BRI & AR K IR 281 o 26

B AR RRAC R 3, SR & PFOS Y341 (20 mg/
ke) TR E (P< 0.001) , L& 1,

2.2 PFOS #ExZRIME PFOS & GC §EM
=AU

GEROR REHEE 7 d JRAR D S S A 2
ML 5 PFOS 5 1 328 i 3, 5 1K 571 = 4 A 1
i E R AL PFOS SR N8 (P< 0.001) , F
IR, 28 BRI GC 7R Rl i 4 (20 mg/kg) Kk
RN ($2,P< 0.05)

2.3 PFOS #EXRRAFRHB KA IGF-1 RiX
gp=A!

ANFEFE PFOS Y3 J5 , IR BRI I 2 4 bl &
PFOS 7l & 3 i i 2 B AR, 5 %0 B AR [, v )
H PFOS Y41 (10 mg/kg) Al & 7 & PFOS YL 5
4 (20 mg/kg) 223 AH B EME (404 P< 0.05
Ml P< 0.001) , IGF-1 F£IKKFAEAL &
PFOS Y LG & B Wi e A%, 22 5 W& (R
3).

2.4 PFOS £EZxpaRAT £ BN

NIRIFE PFOS YL 8 5, M BRI W A Ak N iR
R EHL F5 W (alanine aminotransferase , ALT) 5 K |7]
A H TR FL % B4 W (aspartate aminotransferase , AST)
bt PFOS 452550 p 3G I ni 3 i, 5% B4 A
Fo A PFOS L3540 (20 mg/kg) 22 5 XA i
FHE(HIN P< 0.05) (% 4),

F 1 PFOS Y5 22 BURIIR BUA BT R AR KORBL (& +5)
Table 1 Body mass and growth of pregnant and fetal rats after PFOS exposure

. PETERT A PR 4 B .\
PROSTRE oposmr  WUKRERCe) IR () g O enkk (em) R ()
(mg/ke) PR [5ERE N pigsy ) TiiE (g f b LS Bl () E ) ARt (g
PFOS Number of Body mass of . Body mass of Number of Body mass of Bod'y length of Placental
dose pregnant mice  pregnant mice before pregnant mice after fetal mice fetal rats fetal rats mass
PFOS exposure PFOS exposure
12 252.09 + 18.03 327.13 + 16.34 10.53 +2.69 2.72 +0.05 3.20 + 0.66 0.53 £ 0.10
5 12 260.45 = 15.67 341.23 + 18.56 10.34 £ 2.65 2.46 +0.04™ 3.17 £ 0.29 0.49 + 0.03™
10 12 268. 89 = 17.34 315.09 = 15.34 10.92 + 1.74  2.27 £0.04* 3.02 £ 0.37 0.46 £ 0.12
20 12 254.43 + 19.56 208.78 £ 19.45** 11.31 £ 1.95  2.08 + 0.06™" 2.47 + 0.06™ 0.39 + 0.01 ™"
TE: SXHEALLEL, * P< 0.05, ™ P< 0.01, ™ P< 0.001,
Note. Compared with the control group, * P< 0.05, ™ P< 0.01, ™ P< 0.001.
F2 PFOS Y /a2 BUILTE PFOS K GC HIPHWRE (& =5, n=12)
Table 2 Average concentrations of PFOS and GC in serum of pregnant rats after PFOS exposure
PFOS il 4t (mg/kg) Z [yl PFOS ¥ B (pg/ml) 4 GC # B (ng/mL)
PFOS dose PFOS concentration in pregnant rats GC concentration in pregnant rats
0 ND* 8.21 £ 0.21
5 4.02 £ 0.42 8.94 +0.12
10 8.35 £ 0.69%44 8.53+0.34
20 14.19 + 047444 10.87 + 0.19”

HEAETAGIR . SARRRLL(5 mg/kg) HAE, 244 P< 0.001; 5% AL LA, * P< 0.05,
Note.*Lower than the detection limit. Compared with the low-dose group (5 mg/kg) ,%** P < 0.001. Compared with the control group, * P < 0. 05.
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&R 3 PFOS Reapthfin BUNERR R B &L IGF-1
FIBMEM (% +5)
Table 3 Effects of PFOS exposure on organ coefficient and

placental IGF-1 expression in fetal rats

PFOS 7| & i L IUE ’ e
(me/ke) Fuon
PFOS Ol‘ga.n coefficient IGF-1 in placenta
dose of fetal rats
0 8.66 + 0.37 0.38 +0.13
5 8.82+0.19 0.18 £ 0.32"
10 7.89 +0.32° 0.15 +0.41*
20 5.54 + 0.24™ 0.11 £ 0.26™*

W XL, * P< 0.05, 7 P< 0.01, " P< 0.001,
Note. Compared with the control group, * P< 0.05, ™ P < 0.01, " P
< 0.001.

R4 PFOS erpxt it U B A AL BRI (& 25)
Table 4 Effects of PFOS on the blood biochemistry of

fetal rats
PFOS 71| & RITL AR [E=NivE=E S
(mg/kg) R FE/E(U/L) HHE(U/L)
PFOS dose AST ALT

168. 88 + 18. 31 56.78 + 7.35

5 182.12 + 15.23 " 65.61 + 6.89"

10 198.32 + 17.22* 77.34 £ 8.23"

20 208.97 + 16.89 " 82.49 + 6.94"

0 RAL AL, * P< 0.05,
Note. Compared with the control group, * P < 0. 05.

3 i
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REZ L, e AR ARG R IR T i IR IR 48 T 4t
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FEPL AR S a3 Bl PFOS 4e 7571 8 1 FH i IGF-1
FARBWIEAL, GC X ILM A K & & i E HEAE
FH , BERE e B0 32 200 it 1 RS £ oA 5 B i )L fgkt 4
B T RBERA AF S SR DA T 410 40 A
R S P G LA R4 U & B B Rk
AR F (IGF-1) & —Fh 45 #4207 5 R 52
REHAL M Z K, DI RE L 7E IR 9 2 5 55 Bh IR G LU K iR
JLEAMAE & & AR IGF-1 AT LAY i BE B 85 11 5
DASBERARI A 6B B, FEIR LA B R
JEIL a8 A K & T 428 IGF-1 iR, 5 LR
i IGF-1 B IA S Z 2RI S GC AT rdmi 2,

A5 8 1 A AN [R) 7] i PFOS Y B Ab B, HIE
S5 HOF 2 BRI BRI A K AT 35 s ), ) i BRI
REEhfie s it 45, 0F— 2 %) 22 UL PFOS & &
GC F MR IGF-1 Fak /Ko & B, A b
#5 PFOS YLl Wk % UIAH G, PFOS ML
Hil FTfEJE B T PFOS iR IFE4 AR N & S 80k
JEPE GC KT BEAR TG £60Y IGF-1 ik, AT
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