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ZETIR B A n e A o T F U AR

AN, #IG Y, RES, A, RS, AR, KB, TE?, A

HE: [B¢] BHEHHARERKER(PFOS) FEXM FRARBRANE W, [F%] B Wistar ZEEZ0
K (GDO) FEHL 4 4 #t B8 41 (O mg/kg ). 1K 7] & 41 (0.6 mg/ke ) #n 7| & 4 (2mg/ke ), 4110 A5 PFOSE F 4% FF R B
4 521 R(PND21 )BT 3L 4 1k o A & ROR A / JTig = 460 PNDO, PND21 4T B i % PFOS 4 &; W 247 Rk E R L3y
A9 B A 1S AT R g =S FAF; Rl REERHRELRRE AT EA, [4R] PND21
IS ) B 2 Fn 5 ) B 2145 B v o PROS % E 451 4 (16.00 £ 1.27 )mg/L #7 ( 80.54 £ 6.55 )mg/L( P<0.05 ), 1% 7] & 4 B
MAFR B A ES. R A g &7~ FH, KAEHAEMEFR LA R2AR. HFAET.8. 10 ARNEKELNALMKT
X B4 (] P<0.05 ), = 7 & 49 JE #An KA & 41 15 5 0 A R e B B R AKCE 25 (10.85 % 1.37 )mU/L A0 (13.62 =
1.87 )mU/L, ¥ & T B4 (P<0.05); &7 &4 9 B VAT BB = 4 o 8 Fn i 5 & KP4 (5.43 £0.77 )mmol/L 77
(13.23+1.81 )mU/L, 15 J& # 4 P47 BAK 7 B 4 25 A (4.99 £0.54 )mmol/L F1 ( 13.57 £ 1.22 )mU/L, 15 & # & 7 & 24 451
H (571 £0.56 )mmol/L #1 ( 13.44+£2.97 )mU/L, ¥ 75 T34 (P<0.05), A &4 15 A B HEFR TN E LR LA -
P 1.25£0.03(P<0.05), B &L F KA T 0.6710.08( P<0.05), [ % ] PFOSZd H £ E 7 6 5 & 7K K B AR 3
S, WA RO B A .
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Effects of Maternal PFOS Exposure during Pregnancy and Lactation on Glucose Metabolism of Rats
Offspring XU Xian', HAN Rui', GUAN Su-zhen', XIAO Jing’, LIAN Yu-long*, QIN Tian-yue’, ZHU Yi-hua*, DING
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Abstract: | Objective ] To examine effects of maternal exposure to perfluorooctane sulfonate (PFOS) during pregnancy and
lactation on glucose metabolism of rats offspring. [ Methods | Pregnant Wistar rats were exposed to PFOS with doses of 0 (control), 0.6
(low), and 2 (high) mg/kg PFOS through gavage from gestation day 0 (GDO) to postnatal day 21 (PND21). We applied high performance
liquid chromatography-mass spectrometry to detect serum PFOS concentrations on PNDO and PND21; analyzed the trend of offspring’s
body weight variation; compared fasting blood glucose and fasting serum insulin levels of offspring at 9 weeks and 15 weeks; measured
the expression of leptin and resistin genes. [ Results ] The serum PFOS concentrations increased to (16.00 + 1.27)mg/L, in the low-
dose group and (80.54 + 6.55)mg/L in the high-dose group on PND21 (P <0.05), respectively. Compared with the control group, the
body weight was significantly lower in female offspring at 8-9 weeks in the low-dose group and 7-9 weeks in the high-dose group, and
similar tendency was observed in the male offspring at 8-12 weeks in the low-dose group and at 7, 8, 10 weeks in the high-dose group
(all P<0.05). The serum insulin of female offspring was (10.85 + 1.37)mU/L at 9 weeks of the low-dose group and (13.62 + 1.87)mU/L
at 15 weeks of the high-dose group, both higher than that of the control group (P <0.05). For the male offspring of the high-dose
group at 9 weeks, the fasting plasma glucose and the serum insulin were (5.43 = 0.77)mmol/L and (13.23 + 1.81)mU/L respectively;
for the male offpring of the low-dose group at 15 weeks were (4.99 + 0.54)mmol/L and (13.57 + 1.22)mU/L respectively; for the male
offspring of the high-dose group at 15 weeks were (5.71 £ 0.56)mmol/L and (13.44 +2.97)mU/L respectively, all higher than those
of the control offspring (P <0.05). Gene expression of glucose metabolism-related adipokine resistin were significantly up-regulated
to 1.25 + 0.03 (P <0.05) and that of leptin were significantly down-regulated to 0.67 = 0.08 (P<0.05). [ Conclusion ] Prenatal
exposure to PFOS could disturb glucose homeostasis of rat pups and increase the risk of diabetes.
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Y2 20 i 20 de B AL T i 22—, AR e
1 12 ( perfluorooctane sulfonate, PFOS ) A B4 K 4 &
P BK IR TR 2 B, H PROS [l B A
R A B RO B B IR A R, L 2 A K
ZRBIR . BRI R R R AR S A LTS
P, AW IE 22 15 PROS 28 8% A 8040 3
L G AR S RYGUNAE, I PROS % F R E R
P55 40 E . 5 IR Lin 285550 Halldorsson 251 1 7E
TAT I U8 A R BLE D AR LT PROS &5 & 5 bk
IEASE, TS ARICR ARSE; i) g ks PFOS
2 300 2 5 B RS AR U K- 24 B 3 T AR
FES, A PROS 7T RSB R ( JCHAE D 4E )
KA T o RN 2 — o (HEUE H AT PROS X AL
P BT T BN A R, FEPR A —, b B ARAL
1] 74 A P B

AR A B, SR | SRR T2 51k
DAY LR 24 5 o 92 2R AT e e 400 ) 2 S S O 2R AR
Ji & 2R 0 WA ) R B B ) e R, s R e LA
S AN R R mRNA Rk, [R] I Rk R B R
B0, RPN T A S A S S
IR 3 ( suppressor of cytokine signaling-3, SOCS-3)
FIRIGIN, PeAE IS e RS2 KA G, PR R A
SR T U AR B 2K TR, R P
RSt B N AR R R T RESE RS2y TR
e S G T T DO R R A A Ve 2 R
WFFE e B BB PR AR I 3K P U FT PROS
A5 A7 T A P S o AT AR DGR B AR5
A Wistar BT SER B, W%E PFOS 22 11 2 2 X
ERAPN RS AW PSS AN U

1 #RE5FA*E
1.1 XA E5E
WA 4 9 B B R (Assay LC-MS 98%, 32
[, Sigma-Aldrich 2 @] ); RT-PCRik % & 5] #)(
, TaKaRa K 3% T AE WA W] )3 K BRUBE & 28 46 Mt
A& (i, Mercodia 24w );  HELRUT JE ik ( methyl
tertbutyl ether, MTBE )( 43#r4fi, Hi L, Fluka ); iR
V0 T HE % ( tetrabutylammonium sulfate, TBAHS )( 43
Bréli, B, Fluka); FHAbisFn o0 B7= 4t
S35 R AR 1%/ 5T 1 (3 [ Agilent, 1110
7 /MSDSL ! ); Zorbax XDB C-18 0,3 4 ( 25 [, Narrow
Agilent ); 5332 % PCR AL ( ##[%, Eppendorf ); MODEL550

4 A shliitR{Y ( 35[E , Bio-Rad ); Accu-chek MY ( 3
[, PR

1.2 RIFhn R

12,1 sh4pa  EAHAERERIR =S SR e
LAY SPF ( specific-pathogen free, JUFFE i A ) 2
A Wistar KL, FRE1E 230~300g 22 8], HEME 15 H,
WEPE 35 H o ddE W ERIR 1 RS, S 2 - 1 B,
W HATIHIE DR B LUK RS T 8 4 UR 5 0 K ( gestation
day 0, GDO ), SIFRIBAEE RS2 530 H o SEEIE]
ZEIR 20~26°C , AHXHEEE 409%~70% , YEREER 12h/12h,
S H B IROKERE .

122 Z& 504 bR EE YRR E T AR
BB AR, LA & T AT WA AR K
( NOAEL ) [ 0.6 mg/kg IR &, LA H BLBA 5B R 45
EOF Y 2 mg/kg A = R . SR 0.5% i i 20 K
VL] PROS YA F 2 A T BERL /AL 2 0 mg/kg
PFOS. 0.6 mg/kg PFOS #12 mg/kg PFOS 41, £:2H 10 H.,
H GDO FFif e 14 H e B Jei H 2P RURAE G5 21 R
( postnatal day 21, PND21 ) BP Kzl 24 H 2k 1k 47 BUH
A T R BEA LR EL 10 L LA N L0 5% 22 59 A ]
W 7L J5 DLIE TR ki R 2 15 R . SERR I AR
BRI  FPIEREAR AR S FE b o

1.3 F84F4am]

1.3.1 AF R # PROS 3 E A M IfLyE - PROS I E
Jr MR SCHR ] 3 1o FEAT B 2B B ( PNDO ) 1 PND21
43 51 SR ) DB Sk BRI, A RS e B R ML S R 4 3 1L
15, 4 100 pL I3 A B A5 ST 3R S A 0.5 mol/L
TBAHS 1 mL F10.25 mol/L Na,COs 2% Mk 2mL, F5/ME%5]
JE A 5mL MTBE #8 % 1R 45 20 min J5 LA 3040 x g 2.0
10 min J5 Y 4E T2 MTBE A, UT3EH 5 F 5 mL MTBE
AT IR AL, WP A 2 O S i A T e A
| mL AT RE SRS, AT HPLC/MS SE i i shA
& CH,CN F1 CH;COONH, ( 10 mmol/L) 1RE, WL
935165, Bk S min J5 5% i CH;CN #il CH;COONH,
(10 mmol/L ) VA, RALEL M 45 + 55, 13minJ5f5 11,
T 0.3ml /min, RGN BT, 155 7 0.28 MPa,
AR E 350°C, K 10 L/min, BAATHLE 4000V,
BT URE R 200 Vo BEPEMERIN B T2 Fifar e (m/z )
h 499 Y AHEYE T T

132 FRAEZIEFE  HIFE PNDO % PND21 & i 4%
SRR RE, WiFLS AR AR R E

1.3.3 AF R Ak 5 = ARl fFERES R 16h )5,
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Y H i U BRI 0.5 mIL LAKS I 23 5 i i
By R ACE-, 4 B Sl 53 AR W 1 BB, ELISA %
I e 2 2 B it

1.3.4  SEBF PCR A M AT B4R A X A8 7 Bl 7 %k 3£
H T R WL EE B AP % PROS HLAT B w5 i Uk
BEARI 1S JE] 4 A R BRI ZH 2 100 mg, H Trizol I
FEERNA, 55N T E Daso/Daso HLAE LARS:
B ali g, P IR T R SRR SRS PCR o S i A
A37°C 15min, 85°C 15s; SZHF PCR &4k AR 1E
94°C 4min, 481 94°C 45, IR KIE(H172°C 455, 401K
PEIR, 72°CHEMP 4 min, 51 IIE 1,

&1 ER5|¥igit

b2 54(5103)
ron. GCTGCTGTACCCTGCGGGTTG
L AGCTCATCCCTCGGCAGCACT
_— ATCAAGACCATTGTCACCAGGATC
- CTGGTCCATCTTGGACAAACTCA
. CAGTGTGGGTGACCCCGT
HREEN

CCC AGC CATGTACGTTGCTA

1.4 it 5o

SLE R X £ 5378, RHATSPSS 17.0 58118k
PRSP TR, RAIE 225007 . 522 least
significant difference #F 17 ¥ 56, 2H [0] LY ¢ H Student-
Newman-Keuls 4556 . K70 7K #E 0=0.05

2 G#R
2.1 ¥R ik ¥ PFOS &%

Xof W 7L A B T R PROS - 35 5 & R A7 T4
M, 2 25 B 8%, PNDO B B ARG e 4 it i vp
PFOS - 25 ¢ B 43 531 A (43.33 £3.97 )mg/L Al (4.16 +
0.51 )mg/L,, PND21 B F+ /& % (80.54 +6.55 )mg/L Al
(16.00 + 1.27 )mg/L. i3 1 PROS ¥ & 5 Yo 73 7 5t 1%,
TEF, HL RN LA ] (4 SRS W, (A [m] B[R] g
e R 2 IR PFOS ¥R B 3378 TGRS 41( P<0.05 ),

K2 FRHEBARREMFE PFOS FHiRE
(x+s, mg/L, n=6)

PN X (Omg/kg )2H K (0.6megkg ) 7 (2me/kg ) 2H

PNDO ND* 4.16+0.51 4333 £3.97

PND21 ND* 16.00 £ 1.27° 80.54 +6.55"

[ J#: RTAEMK, «: GxTEA4L, P<0.05,

2.2 PFOS ¥ R AR E 89 %

KB PFOS % 58 % Wr LA AT B4 E sz e ( D3R
3)o WiFLJGREE WA 1 s, MEMEAT B IR i 8
O JEI W (AR E A X} BE R ( P < 0.05 ), 555 BEZHAH HE 5
FITELLAE 7 22 9 FA B 357 BUAA EE A FEAIR ( P < 0.05 )5
HEPEAT B % BEAR EL , IR 2 7E 8 22 12 JE LA K
FIHEZH 7, 8. 10 JEIEEHAE BIFEAL ( P<0.05 ),

%3 PFOS ZEXHILIMFREEMNZM(X 5, g, n=100)

R (mg/kg )

Kit
0 0.6 2.0
PDNO 6.83 +0.69 6.56 + 0.68 6.17 £ 1.10
PDN7 15.40 + 0.47 17.35+1.88 16.69 +2.39
PDN14 27.58 +3.54 29.08 +3.14 25.85+4.24
PDN21 41.16 £4.75 38.88 +5.72 35.78 +6.72
300
=1
200 /Ei
™ A
Z ~
=100 v
< Omg/keZ
X - 0.6 mg/ke
/- 2.0mg/kgfH
0 1 1 1 1 | | | | Il 1 1 J
4 5 6 7 8 9 10 11 12 13 14 15
A S JE i
400
G
300 /% :
fc\o /
i 200 %: (
= =
100 /—*~ — Omgrkedl
S -+ 0.6mg/kgl
- /- 2.0mg/kef
O 1 1 1 1 1 | | | 1 | 1 J
4 5 6 7 8 9 10 11 12 13 14 15

RSy ks
[VEJA: Mk; B K,

El1 PFOS RFTExtH &5 FREERZMm

2.3 PFOS 3HF R, fn 4 Ao bk 8 2 KT 69 v

Fean] UL, 252 AN [ s e A 2SI A/
TG AR T R R 2 O A S AR A 15 )E
4 T il 85 K 56t B A T v ( P < 0.05 )o BEPEAT R
BRARI T4 9 Jl s A, LA 4% 2HAS [T [i) 225 A it
23 R 5 KO B 5 ( P<0.05 ),
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&4 PFOS ZEFFER 97015 Fid =8 MEN =8 B =K FE M ( #=100 )

i - HEPE(X £5) M (X £5)
Omg/ke 21 0.6 mg/kg 21 2.0mgrke 41 Omg/ke 21 0.6 mg/kg 21 2.0mg/kg 2
9 i % (mU/L) 7.64 + 1.00 9.55+1.22 10.85 + 1.37" 8.15+ 1.09 1075+ 1.1 13.23 + 1.81*
A (mmol/L ) 421+0.56 470 +0.55 4.93+0.26 43002 4.69+0.72 5.43+0.77"
15 JBe 2 (mU/L) 9.05 +0.99 13.62 + 1.87* 12.32+2.19 8.99 +0.71 13.57 + 1.22* 13.44 +2.97*
A (mmol/L ) 458 +0.75 5.01 = 0.46 5.24+091 4.40 +0.35 4.99 +0.54" 5.71 +0.56°

[ ]%: GxtB4Mk, P<0.05,

2.4 PFOS Z-7f #1355 s A AT RARI E Aol £ R A
A

XF 15 JE S VAT BRI A G I B FHRPL &
R IR T T HoA . I SZER AT AL, 2]
HEHTE mRNA K55 B AR EE T ( P<0.05); TR
SRS L PR 2 2k ) B 8 ( P<0.05 )

&5 PFOS R 15 BT RAERSEXIEMEF
ERFEHRM (n=6)

7D Omg/ke 21 0.6 mg/kg 21 2.0mg/ke 21
EiS 0.91 +0.04 1.01 £0.01 1.25£0.03*
R 0.95 + 0.06 0.96 + 0.02 0.67 +0.08"

[F ]%: GxtB4Mk, P<0.05,

3 iFig

PROSYE RN —F T 2 A EM k& 59, HEEH
Jy AFIHLH] B AT AR, 00T HX A
i A 55 B A IR, A9 5 BRI D d8 b, 18
FIZEM A PFOS Xt TR A4

A SZI SR B PROS 2 8247 BT & AUk
SEREATREIN, & BRAT BRUIALE PROS & B Bl B (B 384 i
PND21 B ik 8l i ey H 5P B EE R BB — 5, X 5
Borg 25" 16175 3 ) S2 36 &% Mondal 207 479 2 4 5
SER—3, WTRES PFOS n] i iR £ Bf e K AE FLIT Hh
BEREE [0 A4 5%, SEIRIE 2 PFOS A9 1 A4k n] 2
PROS £ FAHLIAR N B R, A5 /N BROAIBE 25 Hh 2R
IR BRI R B AR50, X 5 AR 9% Hp B
PFOS % @4 1 FUAR B Il 8 A — B HaE XA 1 K
I AT 2 BN E AR E ARG L T i, s
PR30 22 55 1T RE B 7R BEEVE X PROS 5 1 20007 5 A AR
S Sl & B PROS 85 e AR AR A B % 2K
T 22, 5 Onishchenko 252 B S2 86 25 16— 3, X
2 S T RIS TSR A Rl K R TR 2,

2% 8 FI A 5 R 178 A S i 5 25 43 I R )
YERT, SE30 X WA g 105 R 730647 T R, & P2 iR
SO I R ik MBS AR B s . H R HRIT R

FLABBUE S 2R, HLR vl R AT ) 28 F04 B AUk
P, Bl 4B B R, R sh i B
Z A M B RE PSRBT E 2001 4 H Steppan
S5 AR 19— 28 BN BRI D AR A i Z2 B I AR
PRI e ERE A I 4 N EE, S HCPT R T, FEA
MUBEK S IEARSE , Shi B AR/ 21 5 Hh A A
)i T 22 b1 AT BB KR 3R X
K2R IR TR FE 52 SOCS-3 A 521, kPt X g
TH LS AMPK A58 #6052 PR i R
PR R A8 T R 5 4 -6 A PR T2 , 08 1 e o
MR, 78 PROS Z 8 T sh b R BLLL Lk
K IR AT RE LRI T 72 5 A RS AR LR
H PFOS AT RBIH 1175 FHRBL R Rk 1y =X, e
FAG AL, VET P02 BT 4 2 A ER R T AR
BB BRI Z A28k B PROS RE IS 5 3 3
FIRFEAR, 8 2 b IS AN R IR 3412000, A G
h9E R SR G i S IR ARG, e
AR LY R it AR IE h PFOS XHA T sz 78, 52
6 o R BT SR R AR MR AT B S A 56 SI b,
ANRE N R BEAE AT REE o T Bl B 30 3 ik
988 ZAUBME R, S L IR S A i AR A
BN R R 5 AT B s SRR B R, ARt B 20 S0 2 )
SEIR cfos 2235, 1 FIFIMEIIES AU 4, ek
BRI ZE AL 27, F DR R B S 00 R B R R
e 5 /0N B2 HE 30 B I8 ) v R 5 3 R v ot R IR,
X A A SOCS-3 B S BiA 15 155 58 A 12, ARk
SIS PR & BRI R FA R — 1T T B S PFOS i
BB N A B RENEEER, H—Irm, it
R OB REZMERZ RIKREEAMSR, HhH
PRHLTIE A FHRTT

S, 2P PROS % % AT S B AU A 17 i 1
T, IExFHA K R T AR KSE P A R, ] R N
BAE A AR KU, T PROS B3 28 35 R 240 7]
RESHEPTE | 98 R AN DR 17 1B 1 28 B A v
1452 2 A %
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