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[757%] ZRERRELBFEFITIBHITNE PV, s ZENERY 329 AFBENIEE 50 A, FAD
FRERETMNEENEZR2HRH ZRARAREERIN=1A PM,s THRERE, HE
RSHEEIE- ¥TIERE (GC-TOF-MS) . BERURIE®RIE - A5 B HT Orbitrap FTi%
(UHPLC-QE-MS) JEXS HABRZ B ARV I B # 1T AU F N, ERAIE B SRR RINE
YRHA PM, s REE S M AIAERXEX, HEEMA mummichog TEREEDTHITER Do

[453R] AN RFHERT (29.3143.83) %, HHITEZ (17.8820.81) A Z2 (32.5421.26)
AnESZE0E, ZEHMBECHEAZRN, N =P8 PV FHREXKFED A
(44.0318.74) . (40.3116.33) pg'm’>, EREMMIER DT REBIRELMERIEE, GC-TOF-MS
UKz UHPLC-QE-MS BH. BAE FIEX A FNLERETR751E 19, 1903, 179 M= IS
EIRER PM, s HH K0 mummichog BER DT M EESTERE R, ITIREA PM,s BE A LITHE
HIFIRREN y TR SR . BB =B REE R e REHEERE, URRLRIRME. dE-
ARRER. ASRAERAM ERAHEEY FEEg,

[£5i8] EIREA PV, s ZRE R TR — LAY FERAIRA, XEBIR T BIERA WM.
RAE [ N2 K2 BE B U8
FKHEIE D PMys 5 SEIRER 5 IREERMRISIAET ; RERKN ; SR

Association between gestational exposure to PM,s and serum metabolite profile ZHAO
Wenxuan, ZHU Qingyang, ZHANG Yunhui (School of Public Health/Key Laboratory of Public Health
Safety of Ministry of Education, Fudan University, Shanghai 200032, China)

Abstract:

[Background] PM,s may have adverse effects on offspring’s development, and is known to be
associated with a series of gestational metabolic disorders. However, the underlying biological
mechanism remains unclear.

[Objective] This study aims to explore the association between gestational cumulative PM;
exposure and serum metabolite profile.

[Methods] We randomly selected 50 participants from the Shanghai Maternal-Child Pairs Cohort
for the present study. Three-month mean PM,s exposure levels before sampling in the first-
second trimester and in the third trimester were predicted by personal exposure model. Serum
metabolite profiles of the same period was measured using both gas chromatography-time-of-
flight-mass spectrometry (GC-TOF-MS) and ultra-high-performance liquid chromatography-Q
exactive orbitrap mass spectrometry (UHPLC-QE-MS). A linear mixed-effect model was employed
to examine the association between gestational PM,s exposure and serum metabolite profile. A
pathway enrichment analysis was performed with mummichog approach.

[Results] The participants had an average age of (29.31+3.83) years. Serum metabolite profile
was measured at a mean gestational age of (17.88+0.81) and (32.54+1.26) weeks respectively. The
corresponding three-month mean PM, s exposure levels were (44.03+8.74) and (40.31+6.33) pg:m?,
respectively. After false discovery rate adjustment, in the mixed-effect model, by GC-TOF-MS, 19
signal peaks were significantly associated with gestational PM, s exposure; by UHPLC-QS-MS, 1903
positive ion and 179 negative ion signal peaks were associated with gestational PM,s exposure.
The results of enrichment analysis with mummichog approach identified the enrichment of
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prostaglandin formation from dihomo gamma-linolenic acid, leukotriene metabolism, and vitamin E metabolism pathways.

[Conclusion] Gestational PM, s exposure may perturb some metabolic pathways related to oxidative stress, inflammation, and fatty acid metabolism.

Keywords: PM,s; gestation; non-targeted metabolomics; inflammation; oxidative stress

RENFRERTFRBREXEEN—MIREY,
EX—EEFR, BEANKEHAEERNHRET Y, a1
MK FEF BB K TFREED, XE4IE
MIET A BE D M EIL SN S, R
LUBBRILEKABENERK. FEENREHEATS
SHEUTIREAVE IR . TIREAS [ E 52 S 1E 5 iR HA
RFMEER ), #MFRNEIELE. HELT
FEMAREMS, BEMRETR, APHY (fine
particulate matter, PM,s) 1E—Fh B2 B A 75 5 55
Y, B—RYIITIRARIS MRS (UITIREAYE PR A,
FRRaTE. FRARINAERELS) WERER ", BH
BENEYZELHE AR,

TR, NRHAFRARRNERS BRIIER PM, s
NARERNEETENNIER, 8 BENNHAFES
EEEN AT AT REEML AR ™, L%
FE—DUERTER A, X180 BRI RIMBEHIT
=SREMHAFRN, RASHEHEETIEEXT
SR EXRAEERE, KINO,. TR TILE
Wz, EFAEEaER. WM, B FEZTEF
ERRE, [EDHARITAEPM, BRESRETA
BYRBXMEHAT TR B, ERvan 3t 160 B I
YREAIAZ AR T AAEFEMRR, KMEFT=TH PM.s
=EEH (PMs REBREHRMIE I 330pgm?, @S
I #41B]BE /9 230 ug-m?) | R R AEEAE R IBEE R
FT, RAZMMARKET PM,s KEAREE, BINIEN
BRFE—EE R, HRTRERNE, EENEFTLL
REMEERWNERNTM, MX—EFEREEX
HRALNEE,

MERREIDIETRT PM,s B BEXTHLAFBR
RIS, R AERE . BN RIE [ RZAE <
RS ] BETE PM,s BYB RN R & 1E—ERIPER o,
AMBMARERARMERE, BEIREAPM,s RIREE
X 9 8 HA X0 351 BY 2 Mo Ko EL & 12 A58 471 11475 A BR Ao
Hit, AARBBISAEEIE- CITITERE (gas
chromatography-time-of-flight-mass spectrometry, GC-
TOF-MS) MBE M REEIE - 40 5 B UK AT Orbitrap
Bi3E (ultra-high-performance liquid chromatography-Q
exactive orbitrap mass spectrometry, UHPLC-QE-MS)

W & mEE R AHAEF AR AT ER
HAR MBS EdE, IRITE R PV, s RE S 1
BRI REX.

1 WREFE
1.1 FARIR

HTF FEFFPBA%I (Shanghai Maternal-Child Pair
Cohort, Shanghai MCPC) , ZSHff 5% M 329 & i#1T PM,5
MEBRERFNEIRAEZH, BETEES0Z AR
SR IRHARE I $UE. BRRE B T HIRIAH & E
(BEEARTRIRESMmME. TIREBVERR) B9RE
213, HM EBFETFISIREERERIRENEERA
AFEE. AREEBAFARETEXEREFHAR
CIEERSHE (485 © IRB#2016-04-0587-EX) o
1.2 PM.s ZEF(E

MANRDANEZRHREE. ZBRHBEH MR IEL
72h PM,s MEEEE, HeEE B EHUEMBYE - JEohiR
RNETEMEMEPM, s TUNIREL, 128 R?=0.77, AKX
REEA RS R aRE ), EApdiE-JE
RIS 2P ERENESIR FRTE 2R RVETiE], 5—
REEFIREE] - ERX URRRSBSIER E, H
By a] - JE R T Ed 4 R & N AR B T8RS,
HERATRHER B R ELETFB AR EZEE
FUM{E. BXFRRAELER B EART =1 A RT3 PM,s
AEBERE, RiTEiREAPM, RMBES MBI
ZHRY KX,
1.3 i

MBFARBMRARERAF N BENELR,
BRIIDBEFTEBRFEMHERE -80°CEHF TR
=, BEERKRN,
1.3.1 GC-TOF-MS AL HF N GC-TOF-MS 3X3&
BAFHFEaEERANAHAFHR. FRIEHIEN
I&$REX. ¥FIE. fRETR. B D RIEFTFFEHEAIEYTE
ChromaTOF (hR7Zs 4.3x) R4 H5ER.
1.3.2 UHPLC-QE-MS ERBIZAF N MERUFERR
MEBIE- 1L, UHPLC-QE-MSZBE B ES MR E.
REE. PHRREFERN, BEY. EEREM—M
B %, DAINEBRF. BEEFER THHEHT
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I IR, RIAHUIERRE Y EIRIE. BIRAI. 12BN
MDA FELIEERRIEBS (hids 3.5.2) BIXCMS
B (kR4 3.12) 5ERko

1.4 $itESR

KA EKSD 72 MEIEN M HF A &S
IS E M. BRI RSB MNAR IR ITIEIREA PV,
FENMERSANRN, RERETSEEREN
FHS . (AEIEE (body mass index, BMI) . ZZE. =X,
ZHEE. R AREFBUANZE, HERSIAKERN
REAME IR, A2 R E T Benjamini F 2V 2 H
MEE IR & I (false discovery rate, FDR) 141t 5 7%,
H—FRIETEREPH PE, 1B Prore FHENIBEE D
R E R #H B RS M NEE A P<0.05 B
Pror<0.050
1.5 KBRSt R EE %

88 Python (7 3.0) iE =18 THY mummichog
THRASLPM,s REME XM UHPLC-QE-MS REIEHF 1
SlEFHTEEE R, mummichog E/EHNRIEERESE
—EMENH B EE XD IATENERE
WEHEM—ENTB)REM, MRS RMNNAR
MEEN 275 (Gamma £FR) , ZEAEIT Gamma 6
HNRVBOHRET B ERERHITRIZNK, ZFH
FERINEZEETREMESEERITE LNEXRETE
MF ENSIEY, B 2N AT IEERREEFR
B FT AR b7 2,

1% FA xMSannotator T & X UHPLC-QE-MS 7 FT iR
ANESIEFHITE D, ZFERREERTYIRE
FEBFEXATHEBENMMESEELETRTE
REBEP S ETREYNHRAERS, BAIRER
KRFRFHLEEEAREHYEGAHBEETS
FREMEXTEIERIES (R4 3.5.2) FE T 5E/M.

GC-TOF-MS &M1& ILEE LI = B B AR
IV om BHE B K2 I EB A FF AR EE P B A RS B
(fREBBYiEl. Fafartt) SEAE, BIERBERSER
HERILH (Kyoto Encyclopedia of Genes and Genomes,
KEGG) . A 2§ 2B #3E & (Human Metabolome
Database, HMDB) , HHIAEHE S 0.7, BiEEE D
STRR TR R 7 4o

2 &£R
2.1 AR REBERAOFERZZKTF
MR 1R, XY RFIIERS ST (29.3143.83) %,

Z B HABMI A9 (22.57+2.87) kg:m?, 92% BY B 3% 3¢
RNXUEEAKRENRU L, ZBPZRESMESS5S
PMs MERBRENZANERXAOZREENES
BEFRITFE N

MAXNRDHNERZEE (17.8820.81) A F
(32.54+1.26) AEZZ R A ZEEHAMF 54
2R, WNMET =B PMs FHEBRKEDFH
(44.03£8.74) . (40.31%6.33) yg'm>, B _EWNHEE
SEEHITFENX (P<0.05), 5, AR ERITZE
HIZRRHARIEK, MRZEEHEME, Z2HEHTY
{REIEK T 29 8kg, BMIAERNIEK T4 3kgm?

&1 ARNREXAOFZEE N PM,s BEKT
Table 1 Socio-demographic characteristics and PM, s exposure
levels of participants

& (Variable) x5 n (%)

e/ % (Age/years) 29.3143.83
B /em (Height/cm) 160.62+5.15
B hHA(KER /kg (Weight in the first-second trimester/kg) 58.3348.72°
Do HA{AEE /kg (Weight in the third trimester/kg) 66.2748.66"
Z 2 rhf BMI/kg-m” [BMI in the first-second trimester/ (kg:m®)]  22.57+2.87°
Zsf A BMI/kg-m” [BMI in the third trimester/ (kg:-m”)] 25.65+2.84°
=R (Parity)

0 26 (52.0)

>1 24 (48.0)
SCAKFZE (Maternal education)

B &L (High school and below) 4 (8.0)

A% (College) 13 (26.0)

KE XL E (Bachelor and above) 33 (66.0)
REEEUWN / 7T (Family annual income/x10" yuan)

<10 7 (14.0)

10~30 40 (80.0)

>30 3 (6.0)

ZEMERMEERFT =N PMes THRBERERE/ (ugm”)
Three-month mean PM:s exposure level before sampling in the 44.03+8.74°
first-second trimester/ (ug-m>)

ZIEAREARAI =N A PMos THIRBRBIRE / (ngm”)
Three-month mean PM:s exposure level before sampling in the 40.31+6.33°
third trimester/ (ug-m’>)

DE] EX i3, AEHERFEEERERATFEX aflb: P<
0.001 ; ¢ : P<0.05,

[Note] By paired t test, statistical significant differences between two

groups are marked with same superscript letters. a and b: P<0.001;
c: P<0.05.

2.2 RAEBIRRIE

RIS ZSTE UHPLC-QE-MS I F. AR FIE X
GC-TOF-MS R BB EM D P FERNE 1.
BAYEBRERS 1. EMRP2RERDIEABN=
B 2 REREARD T, RAHAFRNEERE
NRTE,
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2 CRBEER B8N o dm 23885 BES e TI°R8g g gon NI
i SER8ITT O SOT YT e o ES g eyn PR
Pringip 27660 5 0 8 T ENEY T 7125 M3 w3 Pringip 17 = P L
Pl Compe0-8%) ?cﬁi oner 03l o (25-1%) EFT e P2l compe -15%) ET et

Ny
ent 1 ( 7&8% ) ‘,"\(\C\Pa\

@ Z2 2 (First-second trimester)

n,
Nt 1 (25 1%) ?Y\“d‘pa\ o

® Z2BEHA (Third trimester)

Ny
ent 1 (1 7.1%) Pf"“dpa\ cO!

@ [F#EH# (Quality control samples)

[3E] A : UHPLC-QE-MS FRES F1RTL ; B : UHPLC-QE-MS BB FIRT ; C 1 GC-TOF-MS.
[Note] A: UHPLC-QE-MS positive ion mode; B: UHPLC-QE-MS negative ion mode; C: GC-TOF-MS.
1 [RiTHEZA GC-TOF-MS & UHPLC-QE-MS E 92 st R
Figure 1 Principal component analysis results of quality control samples by GC-TOF-MS and UHPLC-QE-MS

2.3 {EiRHEA PM.s B2 5 BN IHLARIXEX
WK 2 iR, M35 GC-TOF-MS 1548 240 1 ££571)
Fa1s M558, HRFLtb D f7ES7~459 2 |8], HF
301 MESIEFE T HEHE M. UHPLC-QE-MSFHE
F. BB FERDFNE] 5436, 3510 M55 1§, H
R EL 9 %5 7E 71~983 f2 70~998 Z &,
2 BWRNFZEPS PM,s BXIREY (ES18) #E

Table 2 Number of metabolites (signal peaks) related to PM, s by
different detection methods

ESE BRAL e 5PV REEXENE"

HaE SEE Number of peaks related

M55 Number of
Detection method Number Rangg .Of identified 10 PM; 5 exposure
of signal  specific eaks
peaks  charge p P<0.05 Prpr<0.05
GC-TOF-MS 415  57~459 301 30 19
UHPLC-QE-MS
Fa %¥*§ﬁ 5436 71~983 - 2110 1903
Positive ion mode
AR TR 3510 70~998 - 675 179

Negative ion mode
[7E] a : GC-TOF-MS &R H LB ILERHURE#HTTE 1%, T UHPLC-QE-
MS ERTHNBRE D ITAI AT HITYRE . b : PEANLM
BEMMIRE BEERHER, P /91 Benjamini-Hochberg 7574
RIEEMER.
[Note] a: The GC-TOF-MS peaks are annotated prior to the pathway
analysis, while the UHPLC-QE-MS peaks are analyzed without

annotation. b: P values are derived from the linear mixed-effect
model, while Pipr values are FDR-adjusted with the Benjamini-
Hochberg approach.

SZMUERERNERYL DINERETR, GC-TOF-
MS JER B ¥ A 30 M5 S 18 51T IREA PM,
#X, UHPLC-QE-MSFHEE 7. FAB FIRIE R+ 7 5!
H2110. 675 M= S1&5 PM,s BEHEF<, RIEFDRZ
&, X—8FD5IEMEE 19, 1903 5179,

mummichog B D ITE R E R, FiREAPM, B
BEFEXMT 15 FMEXAEHBEE (R3). HF, 7%
PRy IR S BAR =GRS NREERER
HHRREMBE 7. R F R PR LIS TR

PM,s ZEEX (Gamma P<0.05), tboh, 1EBHE FIR
NAPESMNE I T PM,s 2288 0] LA ImAS AR BRBUE. RE
BRERCIS]. BERRER 1K, Q-3 BERFER X151 B X B,
ERBFELPIINZIT PV, 5 B LI IFTS
BRENEENFERE . HER AL R 21 82K
ENEME R EEYBER, XEBREENN
NEMZNH SIEINEECEMN SR, &
1% & N7 S BE RSB 1515

# — & 1= A xMSannotator T B X 1 151 4 i# 17
UHPLC-QE-MS I F= 0 RE M 7, X L8t =4 [E) B
HEEIXTEBRA (FIVIRENyLMRERS
HAR =R A EEZ e RPER), BS5PM, B
BEEX (Prr<0.05), TERIPIARRIBES P XN BN F
BIERIFIARE Eis BIYIBRER Foon BISIBRE G, HIFIBR
ZH%E PV BETESHVIRZBERPNYRE
MEEXXR, XSFIYIEEH 2MHEX. EBH
R=lEEERER, M EENBABE=IFB4
REMBXFIAE (W20- 8- BHE=1%B4FE), (FA
VAR EiElr, BAM=EREREFITEZS5
TIREAPM, s RESIMIEEX X R, £ Z e EhERR
R, SHIRIAPM. s BBEEXNYR T ECQRLET=
BB S BB REEIAYR, XES5HEnalt
WIEYIR B SITIREE PV, s BREEZ AR X R

B33 GC-TOF-MS HEE MR E R, S5EiREA
PM,s REZIAEXNYRSIERIR. L BEEF
R +/\BRIGER. IR AR, FEE. L ARERE, M
5rM, REEZUIEEXNYIRNEESIEREEE.
URIERR. FMalik. JHER. EEMBEERE., He, B4 M
HEERIEATIYIRERBAR=FEMERN— 1 EE
BIAYIR, 5PMs EBEWMEMERXXZR (8=0.21, P<
0.001 H P::=0.018) o
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R3 S51EHREA PM, s REEXAEHER ¥ ERYBUHITEER DT, FEIWE 2 iR 4 5
Table 3 Metabolic pathways related to gestational PM, s exposure H\Eg'f‘tlﬁ‘hﬁ%, SR FLEEAN. s mak

UHPLC-QE-MS RS FAE

UHPLC-QE-MS FRES F 183, e
UHPLC-QE-MS positive ion mode (UHPLC-QI;ZT-‘IZ)/IdSer;egahve fon ﬂEI'T\\ ﬁﬁ@&1tl§j&§ﬂtﬁﬂt1tl§j Ego
RUPBIEEIR  SWIRER SEE re—— 1
Name of Total =B e MEXYE
metabolic number of L B g %
pathways ~ metabolites  Total Number 22mma Total Number 23mma é P=0.05
number of P number of P
lapping of related overlapping of related g
::ftrabolites metabolites metabolites metabolites 8 —_
9
o - :
MRERE L 12 = 0.02
Prostaglandin 13—
> 1 6 6 0003 6 2 0.001 14 ==
formation from 15
dihomo gamma- 16
linoleic acid %g
BB e 0.40
Leukotriene 92 48 12 0019 37 3 0.013 2l E— -
metabolism %g %
HERE P —
Vitamin E 54 32 10 0007 23 2 0.022 26 C——3
metabolism %573 %
RERAEANCE e o7
Fatty acid 74 21 8 0025 — = = 31—
activation %% %
ERAER e —
Fatty acid 63 17 6 0010 — — — 36 1
metabolism %g %’
RERAEASAL S
Fatty acid 35 5 3 0010 — = e
oxidation 6 ‘2 L‘l ‘6 ‘8
Q-3 AERAEA A EEE#(Enrichment multiple)
Omega-3 fatty 39 10 4 0.013 — — — . "
acid metabolism [7E (Note)] 1: K& & 2 1K 1§ (Aspartate metabolism) ; 2 : % #% -
AEHSERG N } e ~ ~ ARBRBEIR (Glufc\>se—alan|ne c\y\cle) ;3 mEBA 151 (Alanine
Carnitine shuttle : metabolism) ; 4 : & Bt H Bk X181 (Glutathione metabolism) ; 5
AFIASEAEALY B HamMeamk ﬁlﬂj (Glycine and serine metabolism) ; 6 : fR &
£ % 6 5 0019 — _ _ & £ (Urea cycle) ; 7 : & 1& ¥ (Ammonia recycling) ; 8 : B- A
Saturated fatty acids ! N T . . FAJITEN
bets-oxidation = B2 X 151 (Beta—alanme metabolism) ; 9 : & B8 X 15 (Propanoate
. . - A & B 4L 8 P . . .
SRR ietabollsm) ;10 : 4B | B2 X i (Histidine metabolism) ; 11 :
(LS . ; 3 D = _ _ ¥R -KL D F K (Malate-aspartate shuttle) ; 121 & F
;aetz:;c:::datlon, B2 1 5% (Glutamate metabolism) ; 13 : % B Bt Al B% B4 B2 X 349
—— (Phosphatidylinositol phosphate metabolism) ; 14 : & f& B8 X &t
7 EEHY =]
Ubiguinone 10 7 3 0020 1 1 1 (Tryptophan metabolism) ; 15 : J LZREMRREYI S AL (Catecholamine
Biosynthesis biosynthesis) ; 16 : 4 & % B6 X 3} (Vitamin B6 metabolism) ;
ﬁfmmﬁy‘aﬁ% . N ] o 17 : I & A (Carnitine synthesis) ; 18 : E& & B2 X187 (Tyrosine
e novo fatty aci . = = = .. ",
R metabolism) ; 19 : Bl Mk (& X 17 (Caffeine metabolism) ; 20 : ¥
EI o Bt 2B X341 (Cysteine metabolism) ; 21 © BEERALEZ AL (Inositol
peivey phosphate metabolism) ; 22 : % $% g B5 B B9 & & (Oxidation
landi . X ot P
gf:::ﬁ::f::m 78 o 10 0237 % N 0013 of branched chain fatty acids) ;23 : B 3 &k ¥ &8 1E | 1
arachidonate (Phytanic acid peroxisomal oxidation) ; 24 : Z& A & B2 # B& & B2
HEFARIY X 31 (Phenylalanine and tyrosine metabolism) ; 25 : i & & B4
:S;;Z,ﬁn(fnml) & % } 0488 26 2 0.003 1K 151 (Selenoamino acid metabolism) ; 26 : M E& X 3t (Folate
. . ﬂ
[PIRES E:0] metaboljs\m) 5 =y (Lysme degradatlon) 28 &
AR =B A (Ammo sugar metabolism) ;29 : Al EZ 1< 31 (Inositol
Ez::;r:d 112 80 9 0.642 85 5 0.032 metabolism) ; 30 : MRERFNIRELRZ L (Nicotinate and nicotinamide
biosynthesis and metabolism) ;31 0 FELAEHE (Galactose metabolism) ;32
metabolism 25 [E B2 & A} (Steroidogenesis) ; 33 : R E B £ ¥ & B (Steroid
[F] BYMRBARZAHBERFIEENMEMRNE ; SEEYR biosynthesis) ; 34 : 18 & B& A ffi & FR 1€ 15 (Arginine and proline
ﬁ%%ﬁﬂ”]th‘E’\J%Jﬁqlfﬂzﬁﬁiﬂﬁiﬁﬁﬁﬁ’ﬂ*&% ; HXMRARE metabolism) ; 35 : FLIAME XL (Warburg effect) ; 36 : BEIE i
EMIFRHRS PM,s B XEX P<0.05 B Prr<0.05 B ET, (Pyrimidine metabolism) ; 37 : iR, S2BMNE=REEEHE
[Note] Total number of metabolites denotes the total number of (valine, leucine and Isoleucine degradation) ; 38 : FEHEBREM &
metabolites in a pathway; total number of overlapping metabolites FX (Bile acid biosynthesis) ; 39 : TE4EPQIHER LIS (Arachidonic acid
is the number of detected metabolites within a certain pathway; metabolism) ; 40 : EEMAXi5T (Purine metabolism)
number of related metabolites is the number of PM,s-related B2 GC-TOF-MSHEMHF5S PM,s ZRE XN HEREER R
metabolites (P<0.05 and Prpr<0.05). Figure 2 Metabolic pathways related to PM, s exposure by GC-TOF-MS
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3 itie

KRR RTHA AT IR IR ZNME PM, s B EEIK
TR TEEM £, S5 NRAXBMAH—THRIT
TR PM, s RTABE S MEHIERKEL, L%
BEMNMARBEIBRERDERIET, TIREAPM, s
RESTHEEHEARA—LEYFERK. HP, Fi5E
ZWy IRMER S A BIRE =G R £ R e
BERAEREE FIRIUAY UHPLC-QE-MS L BT A F I R
I LIS PV, s BEE A G KB ; XEHHERR
E8 53 B RS R 1E GC-TOF-MS X 1§ 240 3 5 35 F ) 3 —
SIRIFERS PM, s ZEEIFFEX,

FIYIRESBHAR=EREBE TR +MIEHR,
B5FRAZMEMRESET RAERR 2, M¥EH
HIBRER R K FEWIANNREARALRH R RS L
BUKFR “BAnE" ), SR EBEEMS, siYiRE
EFENEEREBZOMA, METFIREF.
KHIGIRERE K ESR=HNAEEGERXXR Y,
HAM =G X R R RHERE. TERMNAMEK
Mo BEERITRFERRIEL, PMs 2. BUHRERS
B—RRABMEAAR=1% B4 KFFes 72, H4
REEANEFEFEUSEEMNREET=2HEHNERE
£, S| BREBRT, AIETNEPM. HRE
FRN SMA MR REWRE P, SF2EAMs, 4
SR eKFRERFRAHNERRZRZ — ), Hit
B3 UHPLC-QE-MS /7 E AL S 1T IR HA PM, s B EE4HE
X B EHE R A IE T PM, X RS B ES X351 AO 8201,
BRI MELER. BUE. KB REHEDTIE
EEEFRRA, PMXTEERRENAREMBER
FIrziRE By,

5 F3 GC-TOF-Ms LT LE F R R A MBI TE £ 19 1%
RRBE=ENEYIBRENEEFEYR, BRENET
PM,s B2 5 EIRCHTHERS 2 [BRYXEX, XF UHPLC-QE-
MSERK T RIFHIRN TS, LI, ZRERAFR LI PM, 5
REVRE L SIRNRARIERNKTE, FHMEMES
PEHBA . S H MR EME MR BIERNEEY
b, ZAEHERNEI T MR R
EAMBEN, EEFEFARP, AMERAEHKER
FRAIHEN— N EEBREE %,

AARERET, TR PM, s BEAIX 2 A
NEBDEHBEERIER T, MPAREHEELEAIIR
WM ERRE—IX) LERREKT RFMm, FIxA
YEPRREI LG SRR, ER) L. #4) LRIMBEERR

FIRERNEENIG, B FRUEMEAFLAE)LE
BEREERER, EIMERN AR, TIRKRNE
IRHAER R AN AIEINEF~. BEERFE) L ERRER
X, R FRESMELE ™,

AR A BEENIFEEEMEREEAFE S E
Rt T HIREA PV, s BRESIMBERBEANX R, B
fF T UHPLC-QE-MS F GC-TOF-MS X F & #4740,
MELERE AT, —ERE BRI T EIREA PM, 5
BREMEXNEMENG, SHUTSSSEEXARD
ZEERARMA

BARDEE—LBRMY. B, ZARBFER
SR, BREGICSHtEXXERM. HX, &
B R T T PR IME R ETE RN, BIATRA T A
Bt ET SR —a R, BFEE T MERRRE BB
RBIESR, (BFEE R MR IRER A R A ia)
2. &fE, REAMREE T WAIRMEEFEXAR,
FEEFETSRAMBREEXES PV, REHEX
MhEE, SEZANER. ML Z2E. FR. 2
WE, R NREFRANEFDTE, BRIBEIEEFE
ME. HaAEEFE R,

Zt, XARERLMERAPM, s BESTIL
FEH—EEYFIBEARIE, XEBRIFEERARL
REE. RNE R R R BE R ER X151,

SE

[1]ALKEMA L, CHOU D, HOGAN D, et al. Global, regional, and
national levels and trends in maternal mortality between
1990 and 2015, with scenario-based projections to 2030 : a
systematic analysis by the UN Maternal Mortality Estimation
Inter-Agency Group [J] . Lancet, 2016, 387 (10017) : 462-474.

[2] LIANG L, RASMUSSEN MH, PIENING B, et al. Metabolic
dynamics and prediction of gestational age and time to
delivery in pregnant women [J] . Cell, 2020, 181 (7) :
1680-1692.e15.

[ 3] DI CIANNI G, MICCOLI R, VOLPE L, et al. Intermediate
metabolism in normal pregnancy and in gestational diabetes
[1] . Diabetes Metab Res Rev, 2003, 19 (4) : 259-270.

[4] LORENZO-ALMOROS A, HANG T, PEIRO C, et al. Predictive
and diagnostic biomarkers for gestational diabetes and
its associated metabolic and cardiovascular diseases [J] .
Cardiovasc Diabetol, 2019, 18 (1) : 140.

[5] ZHOU Y, CHEN ZH, ZHAO XL, et al. Effect of serum high

www.jeom.org



1000 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2021, 38(9)

molecular weight adiponectin level on the occurrence of
eclampsia during subsequent pregnancy in patients with
primary pregnancy induced hypertension [J] . Eur Rev Med
Pharmacol Sci, 2017, 21 (2) : 213-218.

[6] VANHANDSAEME G, BENHALIMA K. The long-term
metabolic and neurocognitive risks in offspring of women
with type 1 diabetes mellitus [J] . Acta Diabetol, 2021, 58
(7) : 845-858.

[ 7] JANSEN TA, KOREVAAR TI, MULDER TA, et al. Maternal
thyroid function during pregnancy and child brain
morphology : a time window-specific analysis of a
prospective cohort [J] . Lancet Diabetes Endocrinol, 2019,
7 (8) : 629-637.

[8] YU H, YINY, ZHANG J, et al. The impact of particulate
matter 2.5 on the risk of preeclampsia : an updated
systematic review and meta-analysis [J] . Environ Sci Pollut
Res, 2020, 27 (30) : 37527-37539.

[9] TANG X, ZHOU JB, LUO F, et al. Air pollution and
gestational diabetes mellitus : evidence from cohort studies
[J] . BMJ Open Diabetes Res Care, 2020, 8 (1) : e000937.

[10] ZHAO Y, CAO Z, LI H, et al. Air pollution exposure in
association with maternal thyroid function during early
pregnancy [J] . J Hazard Mater, 2019, 367 : 188-193.

[11] JIN L, POLLITT KJ, LIEW Z, et al. Use of untargeted
metabolomics to explore the air pollution-related disease
continuum [J] . Curr Environ Health Rep, 2021, 8 : 7-22.

[12] LI Z, LIANG D, YE D, et al. Application of high-resolution
metabolomics to identify biological pathways perturbed by
traffic-related air pollution [J] . Environ Res, 2021, 193 :
110506.

[13] YAN Q, LIEW Z, UPPAL K, et al. Maternal serum
metabolome and traffic-related air pollution exposure in
pregnancy [J] . Environ Int, 2019, 130 : 104872.

[14] WALKER DI, LANE KJ, LIU K, et al. Metabolomic assessment
of exposure to near-highway ultrafine particles [J] . J Expo
Sci Environ Epidemiol, 2019, 29 (4) : 469-483.

[15] MENNI C, METRUSTRY SJ, MOHNEY RP, et al. Circulating
levels of antioxidant vitamins correlate with better lung
function and reduced exposure to ambient pollution [J] .
Am J Respir Crit Care Med, 2015, 191 (10) : 1203-1207.

[16] ZHAO C, NIU M, SONG S, et al. Serum metabolomics

analysis of mice that received repeated airway exposure to

a water-soluble PM, s extract [J] . Ecotoxicol Environ Saf,
2019, 168 : 102-109.

[17] LIANG D, MOUTINHO JL, GOLAN R, et al. Use of high-
resolution metabolomics for the identification of metabolic
signals associated with traffic-related air pollution [J] .
Environ Int, 2018, 120 : 145-154.

[18] WANG X, JIANG S, LIU Y, et al. Comprehensive pulmonary
metabolome responses to intratracheal instillation of
airborne fine particulate matter in rats [J] . Sci Total
Environ, 2017, 592  41-50.

[19] ANDRA SS, AUSTIN C, PATEL D, et al. Trends in the
application of high-resolution mass spectrometry for
human biomonitoring : an analytical primer to studying the
environmental chemical space of the human exposome [J] .
Environ Int, 2017, 100 : 32-61.

[20] ZHU Q, XIA B, ZHAO Y, et al. Predicting gestational
personal exposure to PM,s from satellite-driven ambient
concentrations in Shanghai [J] . Chemosphere, 2019, 233 :
452-461.

[21] BENJAMINI Y, DRAI D, ELMER G, et al. Controlling the false
discovery rate in behavior genetics research [J] . Behav
Brain Res, 2001, 125 (1-2) : 279-284.

[22] VLAANDEREN JJ, JANSSEN NA, HOEK G, et al. The impact
of ambient air pollution on the human blood metabolome
[J] . Environ Res, 2017, 156 : 341-348.

[23] UPPAL K, WALKER D1, JONES DP. xMSannotator : an R
package for network-based annotation of high-resolution
metabolomics data [J] . Anal Chem, 2017, 89 (2) : 1063-
1067.

[24] FUNK CD. Prostaglandins and leukotrienes : advances in
eicosanoid biology [J] . Science, 2001, 294 (5548) : 1871-
1875.

[25] TEPPNER M, ZELL M, HUSSER C, et al. Quantitative profiling
of prostaglandins as oxidative stress biomarkers in vitro and
in vivo by negative ion online solid phase extraction-Liquid
chromatography-tandem mass spectrometry [J] . Anal
Biochem, 2016, 498 . 68-77.

[26] KIM SH, RIAPOSOVA L, AHMED H, et al. Oxytocin receptor
antagonists, atosiban and nolasiban, inhibit prostaglandin
Fae-induced contractions and inflammatory responses in
human myometrium [J] . Sci Rep, 2019, 9 (1) : 5792.

(F#%$10327)

www.jeom.org



1032 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2021, 38(9)

acute respiratory syndrome-coronavirus [J] . Am J Respir
Cell Mol Biol, 2013, 48 (6) : 742-748.

[5] WRAPP D, WANG N, CORBETT KS, et al. Cryo-EM structure
of the 2019-nCoV spike in the prefusion conformation [J] .
Science, 2020, 367 (6483) : 1260-1263.

[6] CHEN N, ZHOU M, DONG X, et al. Epidemiological and
clinical characteristics of 99 cases of 2019 novel coronavirus
pneumonia in Wuhan, China : a descriptive study [J] .
Lancet, 2020, 395 (10223) : 507-513.

(7] =/hiN, =EE. FIMERESHNIRKREA L] . PEIGK
E4RE, 2018, 46 (7) : 770-771.

YUAN XL, LI CS. Clinical application of extracorporeal
membrane oxygenation [J] . Chin J Clin, 2018, 46 (7) :
770-771.

[8] AT, 8%, £ice. MIMRITE ST NARAR
EEMREHRE D] . IRPKIRIZ1R8, 2018, 31 (4) : 106-
111.

ZHOU N, BAO M, WANG ZQ. Research progress on
application of extracorporeal membrane oxygenation
support therapy and prevention of complications [J] . Clin
Misd Misth, 2018, 31 (4) : 106-111.

9] ERBERREZEZEDAT, BERPEHEERNLE.

MREBRBSERNOMAIIT AR A1TEER) L. 2
BEZIGRSHE, 2020, 18 (2) : 100-105.
General Office of National Health Commission, Office of State
Administration of Traditional Chinese Medicine. Diagnosis
and treatment of novel coronavirus infection pneumonia [J] .
Clin Educ Gen Pract, 2020, 18 (2) : 100-105.

[10] £—F3, B, I57F, & . LIRS HMEZELEBT RN
Meta 347 [J] . BRAL S5 {#Fg, 2015, 31 (1) : 16-19.

WANG YD, TANG H, CHEN H, et al. Meta-analysis of
pneumoconiosis complicated with tuberculosis [J] . Occup
Health, 2015, 31 (1) : 16-19.

(EXXYRIE DR ; FERE | R

(E3E5E1000T0)

[27] WALDORF KM, SINGH N, MOHAN AR, et al. Uterine
overdistention induces preterm labor mediated by
inflammation : observations in pregnant women and
nonhuman primates [J] . Am J Obstet Gynecol, 2015, 213
(6) : 830.e1-830.e19.

[28] ELANGO N, KASI V, VEMBHU B, et al. Chronic exposure to
emissions from photocopiers in copy shops causes oxidative
stress and systematic inflammation among photocopier
operators in India [J] . Environ Health, 2013, 12 (1) : 78.

[29] BO L, JIANG S, XIE Y, et al. Effect of vitamin e and
omega-3 fatty acids on protecting ambient PM,s-induced
inflammatory response and oxidative stress in vascular
endothelial cells [J] . PLoS One, 2016, 11 (3) : e0152216.

[30] TARAVATI A, TOHIDI F. Comprehensive analysis of oxidative
stress markers and antioxidants status in preeclampsia [J] .

Taiwan J Obstet Gynecol, 2018, 57 (6) : 779-790.

[31] LI H, CAlJ, CHEN R, et al. Particulate matter exposure

and stress hormone levels . a randomized, double-blind,
crossover trial of air purification [J] . Circulation, 2017, 136
(7) : 618-627.

[32] DIAZ-VIVANCOS P, DE SIMONE A, KIDDLE G, et al.
Glutathione-linking cell proliferation to oxidative stress L].
Free Radic Biol Med, 2015, 89 : 1154-1164.

[33] JIN X, XU Z, CAO J, et al. Proteomics analysis of human
placenta reveals glutathione metabolism dysfunction as the
underlying pathogenesis for preeclampsia [J] . Biochim Biophys
Acta (BBA) -Proteins Proteom, 2017, 1865 (9) : 1207-1214.

[34] SZMUILOWICZ ED, JOSEFSON JL, METZGER BE. Gestational
diabetes mellitus [J] . Endocrinol Metab Clin North Am,
2019, 48 (3) : 479-493.

[35] MARAKA S, OSPINA NM, O'KEEFFE DT, et al. Subclinical
hypothyroidism in pregnancy . a systematic review and
meta-analysis [J] . Thyroid, 2016, 26 (4) : 580-590.

(WREE TR ; RERE TR)

www.jeom.org



