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Association between exposure to organophosphate pesticides and levels of oxidative stress in pregnant
women with different paraoxonase 1 genotypes
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[Abstract] Objective - To investigate whether paraoxonase 1 (PONI) genotypes were effect modifiers in the relationship between exposure to
organophosphate pesticides (OPs) and oxidative stress level in pregnant women. Methods - A total of 204 pregnant women recruited from a hospital in
Shandong Province were included in the study. Four nonspecific dialkyl phosphate (DAP) metabolites of OPs were measured in each urine sample. Levels
of two oxidative stress biomarkers [total free sulthydryl (-SH) and malondialdehyde (MDA)] were measured in serum samples. Blood samples were also
analyzed for detecting PONI genotypes (PONI ,,;, PON1,,, and PONI;). Separate linear regression models were conducted to explore the relationship
between DAP metabolite levels and oxidative stress levels in all 204 pregnant women or women within each PONI genotype. Results - There was no
significant association between DAP metabolite levels and oxidative stress levels in all 204 women. Levels of dimethyl phosphates [£ (95% CI): —104.10
(—191.31, —16.88)] and dialkyl phosphates [ (95% CI): —111.78 (—221.84, —1.72)] were negatively associated with -SH level among pregnant women
with PON1 ., genotype, but this association was not found among women with other genotypes. Conclusion - OP exposure may be associated with a
higher oxidative stress level among pregnant women with PON1, ., genotype.
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AFEE, NARMEANAEELE Bk, BERE. KEK
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1.2.2 FEAWE ARG RER KL 1SmL, 10mL
MTor e, & T SmLRF21m (EDTA hrk). (&
FHB BRI B 2 SO 40 S BE AL B Bk . FEA OB S o 3,
T —80 CHRAFTHAE,

1.2.3 OPs 255 KA Hy b il I R BRI 0 % IR R
PEAT OPs 2 5% 7k T~ W A& M, 2R FH <O € 1 J5 1% 106 Y 7
(gas chromatography-mass spectrometry, GC-MS) #: il
B v 4 B OPs JE Rf 5 Mk — b A& 0% R B (dialkyl
phosphate, DAP) AU /=4 7k F-, iX 4 Fh DAP fijf ™
W) FE W R W lE (dimethylphosphate, DMP), — il
F B AL Bk B2 BiE (dimethylthiophosphate, DMTP) | B fig
— g (diethylphosphate, DEP). — Z & &t £t ik % fig
(diethylthiophosphate, DETP), { F 2mL fR g, DL T Kk
F2lE (dibutyl phosphate, DBP) hNAR, LMGIRAER (L
IO, A TAE (pentafluorobenzylbromide, PFBBr) fit
AL, ECREERELE AL (3EE PE 24 H), Clarus600s/
MSD) &, HENAE S RECH 05% ~ 6.3%, it F 2%
#13.0% ~ 17.8%, 4 DAP it IR (limit of detection,
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LOD) 4y%i4 DMP0.18 pg/L, DMTP 0.3 pg/L, DEP 0.06 pg/L,
DETP 0.06 pg/L, i+ LOD [y 4% Ml {& fi F§ LOD/ V2 iff 17 %%
R, AR DAP ACHIIAR R (ngll) A EER
YRE (nmolL), HiDEP, DETP fYEE/RIR EELASRAT SRR
g% (diethyl phosphates, DEs) 7K°F-, SNl R
R4 (DMP, DMTP) /R FELASR A Sl — P i %
(dimethyl phosphates, DMs) 7k, % i 4 Flftiif4y (DEP,
DETP, DMP, DMTP) HYEE/RIREELIIRAT S he AL iR
(dialkyl phosphates, DAPs) 7kF-, AFEARBEHL bR i 72
SIE IR, DAP fCi474 (DMs, DEs, DAPs) HJJEE
IRUR LB RIUEFREE (L) HEA TR, HILEFAREERE B )
5 (HA H 3723 =] 7100 Hitachi) 4748301,

1.2.4 SO A 22 A i s B S
(total free sulthydryl, -SH) J} N —E# (malondialdehyde,
MDA) ¥R B UL B WA~ A ROk oo (8 T i S 5
HR g (P mt e ), 42 M gl 6 U8 WA 45 25 BRIl i
{f 1 -SH 7K 7 (pumol/L), P9 — BE M e i 71 & (38
=R, MK ST WS 2 BRAS I 1M 7 A MDA 7k o
(umol/L) , MDA I 7 & A% tHEE A T ~ 50 pmol/L, Jt:
A 6 BIASMHEART 1 pmol/L, fEH] 1/ V2R,
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W& (fEE QIANGEN 2 7)), 45 MR 7l & U B 45 5 I
x4 AT DNA e, A TAw TR (ki) K
1 G PR 2y w1 % DNA #EABE T PCR § 38 e 4lift, SASERM
BT PONL . PONl,,, PONI (i pidb A7 A% T
Wi 2 Bk (single nucleotide polymorphism, SNP) A&,
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HAS &, AfbRigbrEd k- (MDA, -SH) A A &,
S HTFIE Z A, MDA & DAP {47k - (DMs,
DEs, DAPs, nmol/g) Efwm#smA, Kt H a4k
LA B A, -SH /KE 2 E& S Ml AT,
57 BE IR 7240 PONT 19 3 A S HPE AL S PR IR 2 Ak
(SNP) J£H A (PONI,. PONI,,. PONIy;) %t NEEREAT
sy, i 2 e 2 PRI 53 M A R &S R Y A & o DAP
Rk 5 BRI bR E A Z S, ARYEREA:
PR SCHRARGE R B (E S &, R e S e S5
bR EEA T E R B0 (P<0.2), HRZFHERE. K
JEWCA . ZeRi R B AR A (BMI), # & AKCE, AR T
VERIDAE A £ TC e [ AR
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2.1 N2 R % PONT FEDIRIs» i itk

2 W e AR VS B h 19 ~ 41 %, o B AR
i (2867+£4.19) %5 71.6% HY ¢ M B9 BMI £E 1E ¥ 76 H
185 ~ 240kgim’; 45.6% 4z ¥k 5 Z B FE w1 b R LA T,
324% M, 22.1% ARE KU by 53.9% 5 E A
KT 3 000 JT5 65.7% F £ JC 3 B W MR R b 2R s B
AL AKIE, AR NEER 3 4~ PONT SNP fi 1 |-,
PONI,. PONILy, W) %44 F & L% A B B! (PONL: CT,
60.3%, PONl,,: QR, 59.3%); ififE PONI; fis b, WFFEA
FE R 2 FiL R A, o MM SR 86.8% (1),

#1 N5 B K PONI SRR 53 A
Tab 1 Demographic characteristics and PONI genotypes of study participates

A g Rl

BMI/n (%)

<18.5 kg/m’ 14 (6.9)

18.5 ~ 24.0 kg/m’ 146 (71.6)

>24.0 kg/m’ 44 (21.6)
2 /n (%)

FIH R LA 93 (45.6)

Ep 66 (32.4)

KL RLLE 45 (22.1)
FKEERWN /n (%)

<3000 7t/ A 110 (53.9)

3000 ~ 5000 3¢/ A 74 (36.3)

>5000 7t/ H 20 (9.8)
WRAE /n (%)

LA 134 (65.7)

B 69 (33.8)

Bl 1.(0.5)
KRB /n (%)

% 204 (100.0)

= 0(0)
PON1_oq/n (%)

TT 43 (21.1)

CT 123 (60.3)

cC 38 (18.6)
PONT1 o3/n (%)

QQ 21 (10.3)

QR 121 (59.3)

RR 62 (30.4)
PON1./n (%)

MM 177 (86.8)

LM 27 (13.2)
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2.2 i) OPs g% K -F B S AL ML THOK 1

WF I3t G2 OPs 28 7K 7 S BAC LUK T W3 2, 27
AR 4 Fh DAP ARG 2225 & T 80%,  HJLAFA%
1E 5 R B AL i B HE S i 7k S DMP 23.87 pg/g,
DEP 9.59 pg/g. DMTP 2.11 pg/e. DETP 1.67 pg/g. I
2 vh MDA F1 -SH 7 & 53 %1 % (2.18+0.92) pmol/L %
(539.79+195.20) pmol/L,
2 WFIEAT 5 DAP R B A AL LR Rk T

Tab 2 Levels of DAP metabolites and oxidative stress markers

o
TR RSN B
25th 50th 75th 95th

JEANEHZIERR DAP (is#17kF / (ng/L)

DMP 95.6 16.60 4.67 10.35 18.08 52.54

DMTP 833 2.19 0.37 0.67 1.41 10.64

DEP 97.5 8.58 2.04 423 8.89 38.57

DETP  97.1 2.20 0.28 0.66 1.93 8.92
BEHEZIEFR DAP fCifi#17k F / (ng/g)

DMP - 4381 11.62 23.87 4728 162.65

DMTP - 4.81 1.09 2.11 4.55 17.93

DEP - 2031 5.06 9.59 21.24 71.54

DETP - 4.39 0.98 1.67 4.97 14.87
SALRTEAREHKF / (pmol/L)

MDA  97.1 2.18 1.65 2.07 248 3.62

-SH - 539.79  389.24 52690 67326  826.74

2.3 Jfti OPs g K T 15 S A BEUK PSR IBE S i

{8 1 2 e PE I A 5L 55 51l 5 Bt DAP Rk 5
MDA, -SH {f J Z [l iR 1%, A K HL OPs 5% 5 S fL )
oK Z AR R R (% 3),
3 DAP fRl#1AF 5 BIRUK F-2 B (N=204)

Tab 3 Association between levels of DAP metabolites and levels of oxidative stress
(N=204)

IgMDA -SH
R

B (95% CI) P B (95% CI) P
DMs 0.03 (—0.02, 0.07) 0.221 —16.78 (—70.82, 37.26) 0.541
DEs —0.01 (—0.06, 0.04) 0.665 17.28 (—41.64, 7621)  0.564
DAPs 0.02 (—0.03, 0.07) 0.363 —9.74 (=71.96, 52.48) 0.758

. BVEEORAERE . Z0T BMIL 2205, SE AW, A,

2.4 PONI JEPITY, OPs 3% Ko S A0 10y a0t

i W8 22 40 PONI 1) 3 A~ 3¢ B 4 i 25 9 SNP A& [R] 7Y
(PONI . PONI,,. PONIs) 3t NEEHAT5r B, 5Bl #r
ATl B R A A A o OPs 5 85 7k 7 5 S B ik o F 2 1]
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5k, ZIoeethml A BoR, (i PONI, JR R SFERGAEE, [HIE PONI oo & PONI oq 35 BRI R A
NBEHAT57 B JG . AE PONIL gy ZE R H 224000, DMs 7k SRR BLX — Bk MAEA G PONI o K& PONI 5 K i)
*F [B(95% CI): —104.10 (—191.31, —16.88) ] Jx DAPs M, ¥JRE B OPs BiZ/Kk T 58 MRIHK T Z HA71E
JKSF B (95% CI): —111.78 (—221.84, —1.72) 15 -SH /k % (£ 4),

4% 4 A PONI ZE A A DAP R K- 5 8 AL RLIUK-F- Z 3Rk (N=204)
Tab 4 Association between levels of DAP metabolites and levels of oxidative stress stratified by PONI genotypes (N=204)

1gMDA -SH
PR
B (95% CI) Pt S (95% CI) Pl
PONT_,
TT (n=43)
DMs 0.01 (—0.08, 0.09) 0.899 —4.27 (—105.33, 96.79) 0.932
DEs 0 (—0.09, 0.09) 0.951 ~7.30 (—117.12, 102.53) 0.894
DAPs —0.01 (=0.11, 0.09) 0.870 ~26.16 (—146.81, 94.49) 0.664
CT (n=123)
DMs 0.03 (—0.03, 0.09) 0.328 —37.17 (—111.99, 37.65) 0.327
DEs —0.02 (—0.09, 0.04) 0.456 9.04 (—70.16, 88.23) 0.822
DAPs 0.02 (—0.04, 0.09) 0.497 ~26.62 (—111.06, 57.82) 0.534
CC (n=38)
DMs 0.03 (=0.07, 0.13) 0.572 31.91 (—84.31, 148.12) 0.581
DEs 0.03 (—0.10, 0.15) 0.670 76.94 (—64.82, 218.70) 0.278
DAPs 0.04 (—0.08, 0.16) 0.507 57.34 (—80.97, 195.64) 0.406
PONT.,
QQ (n=21)
DMs 0.01 (—0.08, 0.11) 0.794 26.20 (—137.56, 189.97) 0.741
DEs —0.05 (—0.21, 0.11) 0.516 50.03 (—228.19, 328.26) 0.711
DAPs 0.01 (—=0.11, 0.13) 0.843 31.01 (—168.33, 230.35) 0.748
QR (n=121)
DMs 0.04 (—0.03, 0.11) 0.261 36.87 (—40.48, 114.22) 0.347
DEs 0 (=0.07, 0.07) 0.965 57.53 (—17.75, 132.82) 0.133
DAPs 0.04 (—0.04, 0.11) 0.338 39.57 (—44.40, 123.54) 0.353
RR (n=62)
DMs 0.01 (—0.06, 0.07) 0.848 ~104.10 (—191.31, —16.88) 0.020
DEs —0.03 (—0.11, 0.05) 0.428 —63.87 (—170.09, 42.35) 0.234
DAPs —0.00 (—0.09, 0.08) 0.920 —111.78 (—221.84, —1.72) 0.047
PON1,,
MM (n=177)
DMs 0.04 (—0.01, 0.09) 0.096 —34.82 (-91.79, 22.15) 0.229
DEs 0 (—0.05, 0.06) 0.858 —8.56 (—69.94, 52.82) 0.783
DAPs 0.04 (—0.02, 0.09) 0.170 —34.05 (—99.86, 31.76) 0.309
LM (n=27)
DMs —0.01 (—0.13, 0.11) 0.824 80.02 (—91.09, 251.13) 0.345
DEs —0.08 (=022, 0.06) 0.244 191.65 (—2.32, 385.62) 0.053
DAPs —0.01 (=0.15, 0.12) 0.834 115.95 (—76.32, 308.21) 0.226
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IRFIEAR D, (A BRFI—TRIFZE ™ LAE 55 2 K185
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T2 PON1 s F5 I RS AAAR, PONT oy 55 R R A P 1 P
LR 7= SR S L2 R P kT B PR, 48
7R PONI o ZE R RIS PR AEAR 25 52 85 Ja & A= S AL 1 AL
AR, SAMFRRIESEMI, SR, IEFICRIREAS e
/N, HASARRY OPs Zda K FEATIFAl , - ATRETCTAMERMI
H OPs B . /MA PONI KR S5 L R R 5Ck,

PONT fiff w] 7K fig OPs, I\ ifij 9% 2> OPs X /4~ A Y 451
75" CAEWIE ™ KIAE PONIy, frrs b, B AT BG
PERI A PONI g0 BRI B AR, PONI goqr 45 B BRI AS 1A
R 2, PONI e # I B EAL, BB PONI o S A7 A
IR/ AT R 25 OPs S5 {55 5 Pk H3%, Cherry % ™
ot g ] K 4 o o B WLBR IR I e BB AT TR, &
BLAH X T PONI o200 #& I U AN 4, RR & QR K& [H 7Y 1y
A S 7 B 7 A AN B f BEARR, . Jorgensen 4% A
T 136 AR ATE & T2, RBREEEE R4
ZIATC RGBT, hRFH SRR, FELER
6 ~ 10 Z it ATFE T, 45K WO PONI o S0 ]
ML R, e b, SRR B R s A il -1 ok
5l LR 25 5 85 S EAHOE, 1 PONI 0o 4 B B HY L
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T AT IO IE IR 5C AP FE AR 5 7 i Ak 24 4 B TOAR 5¢
P, SR PONT oo 55 1A PR A IR TE A iy 14 245 5
5 I S A MR RS mT RESE o I [R)— A BASIT 55
—JGFIE " A PONT e Je QR A& IR LR R B, 7~
T A< 265 5% B L2 J O MU A B TR K1 TR e 4L
AR QQ J R LY JLFE i 7 FE B PRl 7K P AS 52 7 i A
SREFETON . VG RF R — 50 (X BRI ™ %) 264 £ 2
Phbd 20 il ZImEE 74T TR PR LA
Pl ZTAR S AR A (e i 2 Tl 778 B2 SC R, (B
K DL N [l 2T AR H R (R B PON T e FOAS AR
T HE AR A A o DR A 2 A o o] 25T A L PR 7
7 PONI 00 HIZZHEIY 6 85, SAALRL B S MERE, Ol A9
R B UIARSE s IR, IR P ICH SR ROk
PHTH AT SRR R, S R sh i i ke T B
W, MM UEIGRMARETER D, MRhREAL, Hifi
ATREZ AR LR B IE AN RAEI, Bk, {EA[E PONI,,
HRBEA b, G LR G FEKCT 5 AL R, B
e DR AR SR IBEAN ], mT BEAA M i EIIE T A
[FIHE R A~ A2 OPs B Jm e A A A B B UG AN

AWFRAAE LN, HoE, W), MR
Moy R e — R RN A R0, TR REE
JRT W, Hek, RUEAWRICE AR MR i h DAP
kP EPE 74N OPs BE5/KF, (BOUGI T Hk
FRAEH DAP AR, A RERTI R A 272 I OPs 2
BACE. AR, APFIURWIHERUL R AT OPs 12508
ARG R N2 TP 2R s BRI R e 5
TR A RIS, AR OPs Bk /K- Al HERCAR
=, AN PONT 192 {7 5 R A A
¥4 Hardy-Weinberg *F-fif, wIRESHIIFAEED, HER
(IRFFFR R D B 2, ARiE, PRSI T A 5
FEARAR I PR TR — DY A RIS IEABI TS R
HM, APPIUERNRERZERER (19 ~41%), i
W AR AT, BIRR T AR R (5%, <23%) Rk
(5%, >35%) HIWFFCA R, RSB SR (23 ~ 35
%) %8 PONI N M BEAT 47 )=, BT 47 1 A6l PONI
e N YR A~k v R DAP A7k -1 5 S RL AR K
(MDA, -SH) Hy5Ele, SiRARRABRSAE. Hik, ARHE
NEHAEIS 22 5 T RE NSRRI E ™ R T

AWFELAZ AT AR, EIRAEA R PONT 5[] Y
AUt pE B BT T OPs B gk P 5 S L Rk Z IRl
Kk, LR OPs Brifs B4 5) % PONI oo e PR ) 272 1 365
JEASERLE AR, RT A AL An ) LR e Bl - S Tt An
UG i
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