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Abstract; Exoestrogens are exogenous chemical substances with estrogenic activity, which can affect normal phys-
iological functions by interfering with the endocrine system of humans or other animals. Intake of exoestrogens by

pregnant women during pregnancy will not only cause harm to themselves, but also adversely affect their fetuses.
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Interestingly, there is a possible correlation between the intake level of exoestrogens and changes in the metabolic
process of pregnant women. In this paper, first, the content of exoestrogens in urine samples of pregnant women
was determined by liquid chromatography-triple quadrupole mass spectrometry, and the samples were classified in-
to three groups, according to the content of exoestrogens, as “high, middle and low”. Among the three groups, the
levels of daidzein, genistein, glycitein, enterodiol, enterolactone, and 3-(4-hydroxyphenyl) chroman-7-ol had a sig-
nificant difference, where three of them, daidzein, genistein and enterolactone, had already been included in the list
of Endocrine Disruptor Screening Program by U.S. Environmental Protection Agency. Second, metabolomes of the
three groups of urine samples were analyzed by liquid chromatography-high resolution mass spectrometry, then,
they were compared by multidimensional statistical analysis, and the differential metabolites were screened. There
were 11 up-regulated and 6 down-regulated metabolites screened in the “high” group compared to the “middle”
one, and 40 up-regulated and 40 down-regulated metabolites screened in the “middle” one compared to the “low”
group. At the same time, comparison of the “high” group vs the “low” one showed 27 up-regulated and 21 down-
regulated metabolites. Furthermore, bioinformatics analysis of differential metabolites showed that the metabolic
process changes related to the intake level of exoestrogens mainly included amino acid metabolism, fatty acid bio-
synthesis, citric acid cycle and nitrogen metabolism. In addition, the common differential metabolites with a greater
expression difference and diagnostic value were betaine and gentisic acid, which were related to anti-oxidative
stress in vivo. Betaine is an important methyl donor in the methyl transfer reaction in vivo and can improve sulfur-
containing amino acid metabolism against oxidative stress. On the other hand, gentianic acid is a polyhydroxy acid
and its two phenolic hydroxyl groups are in the para position to each other, so it can play a role of antioxidant and
free radical scavenger under different types of physical and chemical stimuli. In conclusion, by exploring the rela-
tionship between the intake level of exoestrogens and the changes in the metabolic process of pregnant women, this
paper provides a reference for further understanding the toxicity mechanism of exoestrogens, as well as a guidance
to a reasonable diet and good living habits for pregnant women.

Keywords: exoestrogens; pregnant women; chronic toxicity; oxidative damage; liquid chromatography-mass spec-

trometry; intake level; metabolomics of urine samples; differential metabolites

A HE 3% % (exoestrogens, EE) /248 HA7 MW
RIGPE R AN IEVE T~ Wy BT, SRR Sy P 45 M R
(environmental estrogens ) ¥ 5 Y #fE 4 Z (xenoestro-
gens) , X W) ot EL AT MES R ARG 1, T LA 2 A4
A PN PR I 2R R AT I E SR AR, A
AR b 5 AR R G A P e" ™ ) BE 2
SRR TR TR Hh 0 K AR 77 W, 1 K G N W
o) S B SRRAT T R IR R B O AR 2R AT
R RS, DN T A BT AR, ikt szl gy
(I MRk 245 ) A HOR) At it SRE A% | Tl Rl
4RSS, BIULEE AR TR I

LI R, B EE 2 52 A 9 4 i A= B
Uifie. N A BZEAMNEEMERS R XA ik A 5
EEM AN ESHG MBI RS AT I
HABCACEN. L S i 8% (i 5 EE iH A ik
F ORI IR Y VR 1 S R R R — T
TR SPERLA YR IE 5 N 43 WG 3, o) — 7 T TR

TR 1 751 9 T O AR — g (A 25 AP

TR ORAZE I S — Al Re (AR, $ A 2T i 1Y
EE AMUZshE B B a3 b 20 R L™ AR
S, FEAERE ARG, Z IR R W] Lo AR TR
4% AR A (bisphenol A, BPA)FIC 4 Mk i (dieth-
ylstilbestrol, DES)35 EE MU 238N F 5 2L A+
"B PN RS (V0 S A T AR BRI R R iR A
AR ke AR LB RN TR DN IS S T R G
P 1 KUz, I ELRURS: B 5 4F % 1 385 i 5 i
O IR R N R R A VR VAT T 2 M )
PER FRUBUAE 5 O 8 AN 3 A FNET 44, DT 38
TR SRR YR T i 4 R 2 B 36 P B o ik B 5
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N 2R 7% T AR i BPA A6 M 4 A BRUG JL %) JEF I v
2 55 0 [ B RN R 2 - PR 3 B 1) 2 11 A2 %)
BEEWREAER" A s B g L& B I,
AT IR A BPA %5128 EE 56 )LAE K S8
FIARFIZ AR (5 AR B 2 R G, SRR
R IEARDCE , 5 IR 2 A OC), HAE o B P i 52 i)
R 2 e A YR W14 A EE 38 252 H G L
(IR 2 k& LR, ) AnE iF 5% 2 BR AT R 10148 A BPA
551 BB 22 sl AR O L AE B % P A DG

S TIEIR 22 A Rl EE 858 A 512 A AR i 5t
A PG ERAR LS EE 8 AR B HA CBCME, H L,
AMFFE 1 563 T 5 OB AH 3 - — 5 DUARAT T
AR EEA T 8 B BE A9 22 05 15 IR I 2
EE & SR EARYEFEAR P 1) BE & B REA > Hy
I th AT EE ZKSF-2H 5 P Bl T v 43 B ik 1 3k
O [ £ I 4 2 SR 3 W AS [R) BE 7K 14 22 40 bR YRR
AL, il 1t 2 AEGe it o B 22 A i A
FRIGHE B 37 45 T B, 4% EE AR E 52101
2 R R A B B Ak 2 [ ) S

1 ##57 % (Materials and methods)
1.1 ZA PR FEA AR

AHIFFEH BT P PRIGREAS - T8 7 AR BE TS 4
it A KRR RIBAEA Y 54t H 852 T Hmm s
TR I B2 DL, AW R 4R
T 90 B RBHEA  JRBAEA LR AR BT -80 C AR
FEEMH,

1.2 e R 54k

WA 3 - — R U SR T B FH X (6490 QqQ-
MS, Agilent, 2% [#); ACQUITY UPLC BEH C18 1%
#:(100 mmx2.1 mm,1.7 wm, Waters, 5 [£]) ; Vanquish
UHPLC system & Q Exactive plus Mass spectrometer
(Thermofisher, 3 [#); ACQUITY UPLC HSS T3(100
mmx2.1 mm,1.7 um, Waters, 3% [E); XW-80A & JiE
RAar(EEHEMPPAGET, hE); B0 T 1%
A TI20(VLI R GHERFRALER A A, ) ¥ R B L
HL(Centrifuge 5417R, Eppendorf, 7 [&); KQ5200DE
L P T A (B LT R A A A R A | D,
SHB-III FE 37K 22 B25 2 GBI K 3R T 5 BRA
7, ),

HRZl 7K 1 Molcell 1805V B2 /R 41 iy 74 i /K HL(EE
PRIEE IR K AL PR A AT BR A ) v ) il 48 B 26
(foii% 4l Merck , 72 ) ; H R .\ H IR 2% . £ R &% ({0, 1i%
afi CNW T8 [H); LR SR (g4l {2y, b ) o8

A Ji (daidzein, DAD), %% B} K # [l ( genistein,
GEN) B .81 & (glycitein, GLY) . i — ¥ (enterodiol,
END) . % N i (enterolactone, ENT) . M b f} (3-(4-
hydroxyphenyl)chroman-7-ol, EQU)  # i ¥ (pinores-
inol, PRS) & I FA 16 2 (matairesinol, MTR) Flfitk iz
IEEME (sulfamethoxazole, SMZ)¥JIlg H Sigma /A H] ; 8-
H W R i (Tyep HP-2, 100 000 units-mL ™", Sig-
ma, 5% [€); L-2-5 7K N & ik (Sigma Aldrich, 3€ [H);
LPC 17:0(Avanti A A, ),
1.3 LT =5 DUMR T T 1% i A 5 1 i R e i

PERA PRI MR i I8 22 45 6) BR300 LA
F s e, 153 10° mg- L Y450 . W keinis 0.2
mg- L™ TAEW, 28 QqQ it 1% L Ak & Xof et i 1) Jot 3%

o & 1. (1% # 4 ACQUITY UPLC BEH
C18 %A (100 mmx2.1 mm, 1.7 wm, Waters, &
) sl A h 0.1% H R /KE W, W sh il B A &
Jit s K 0.25 mL-min™' s BEAE RN 5 wL; KRR N
R B EVER AN .0 min,30% B;0.0 ~ 1.0 min,
30% ~50% B;1.0 ~4.0 min,50% ~90% B;4.0 ~4.5
min,90% ~100% B, %F 2 £FHE 5 8] LA#) 1 7 sh A
FAIEB0% B) A 1 min, B 4.5 ~4.6 min, 100% ~
30% B;4.6 ~5.6 min,30% B,

itk S EST BB U, 88 T, B H
JER 3 KV, TH S (gas temp.) 130 C, T4
Pt 11 Le-min™", 5 k48 E 77 344.738 kPa, #5ifi <R
J# 275 °C, ¥R S WE 12 Lomin™', 3R ] MRM £
X, 5165 MRM 280002 1 iR,
1.4 PRUGREAS TR 15 M 28 B il o

Fo v i 2R B ) . U HE 10° mg- L' 8 F EE X R
A IR, FH PR B AR B 1251070 2.5%107° .5
x107 10x107° 20x107* 40x107.0.1.0.2.0.5.1 F
2 mg- L™ IR G0 BRI B 0.1 mL 2V B (TR
BERUES T, B 10 pL R SMZ(0.2 mg-
LSRRI, S AbRE it 5 P (1 i 1 AL £
T v it R B R A T2 [T, A5 B ek R O
FEAF ST ST 19 43 B 7 v, f D PR (LOD) J2& A 9
FE e BRA3HT O 3k  E SR 2R A7 4 Ak RO R, fig
DX MR P () B AU AR ) e B A H IR % 7 g e 3
— O FEER R R Y 3 A% i PR (LOQ) /2l i Xof —
FIN A TR B 0 ) e AT 40 B, 7 T
JE RS % AR B 2R G B0, Sk ff o e 4 fig
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Bl e A /N i BRIV R 2R R A /M

GBI IR  ASHIE S T A B O VA B IR L R A
W SRR IEFURON R R LTS B it
DAYV %8 R H ) (e TRD RS 86 2 . TEbR it 2 e Fl Y
3 AR ,02 ATSx107 mg- L) 4l
6 RS ESEINE 3, LA SE 1% 05 15 RS 9%
g, BRRB(CVY% ) H TRk %%, 24 H A
H NG L CV% AT £15% B, 7% 07 8 %
R4f, Hrh,CV% =(br#Edin 2% (SD)/ F- Y {E (Mean)) x
100% o ASHFZEfeft FH PR A 32 2 4 2 BB [T A 256 A1 05 it
NI RE . PEBOR R 200 ng - mL ™" TR A X FE &
VSR ARG UE | IR RIS 23 5 PR I AL 42 B A i
TR PR VA VR U6 TR A T 0 B, 5 ORI ) T
D)2 R B V8 00T P s e T 45 PR s s o o % i i L
B E o L, B e iR AT 3 AT

FEARTALFE . B 0.1 mL JRIGKE S, A 0.5 mL
20 mmol - L™ iff iR 2 22 th R FN 20 L B-7] 46 4 1 1
fitf(20 KU-mL™",20 mmol - L' i % £ 2% i L 1) ,
FEOMIRAE BT 37 CHERE IR POK i, K
JE A 10 pL FR SMZ % (200 ng-mL™")F1 1 mL
LR TR, 7853 %3% 3 min, T 4 000 r-min~' ,4 °C &
L3 15 min, MERRE FER T —i8 . EE L
WABR RS 2 K IS B B REERAET

TR ds TR e s T8, TIR S INA 110 pL
H s, 7543 9 €, T 10 000 r-min™' 4 °C B .0 10
min , SR J5 BB TE B 2R EERE /N REI
1.5 JRBEFEA A

PRIGEEARH I ZE (Y 8 Fh BE e B 28 LIF k15 4%
1E. VA GEN RftEE ¥ GEN & & brifEfb 3 HEF Jn
21l 90 FIZ AR I FEAS H GEN i & A8 fk s SR )5
R4 GEN & 1K 90 411 22 [ FRIGAEAS 73y 3 4 . i
30 {4} 1% EE 7K F-4H (Exp-L), H1[6] 30 15 4 EE 7k
A (Exp-M), 5 30 #8155 EE /KF-41(Exp-H), &5
X} 3 A 8 i EE MOARifEAL & AR fiF A 7 LA
1.6 JET = 40 HE LI 19 JR R A A 3 1) AR 4 2
S3HT

JV [ A I 2 2 PRIBE AT AR . R 0.1 mL JR
WHEAL, INA 0.2 mL HBE-Z W21, V2 V)FI
10 wL A AR (L-2-F AR TN &R , H B EC ], 300 mg
-L™";LPC 17:0, F EEEC#1], 100 mg-L™"), M iE =%
60 s Ji, TUOKH A $2 B 10 min, SR 5 75CE T -
20 C P #fHE 30 min, HFEENMIRESHERT
13 000 rmin”" ,4 C F &[> 15 min, B 160 pL &
TCHE AT A A8 R TRAH HERE /N R R, e,
A PRBEAEE 520 pL) AR A, R B EEA
(quality control, QC), J{-#% iR fiAb B 7 A ] Zb P

R1 8 FHIMEMEBER R NIRA L S

Table 1 MS parameters of 8 exoestrogens and internal standard sulfamethoxazole
T HER R /AR FE B TR filf f# At (CE)/V TE P T il i i 4 (CE)/V
Phytoestrogens/Internal standard Quantitative ion pair  Collision energy (CE)/V Qualitative ion pair Collision energy (CE)/V
CHF(GEN
ASI(GEN) 2690 ~133.0 30 2690 ~159.1 30
Genistein (GEN)
¥ 5 (DAD
2 . H‘.J?( ) 253.0 ~223.0 35 253.0 ~228.0 30
Daidzein (DAD)
[ —B(END)
. 301.1 ~253.1 25 301.1 ~106.1 35
Enterodiol (END)
H(ENT
el ) 2970 ~253.1 20 297.0 ~107.0 25
Enterolactone (ENT)
t 4 i (EQU
HE S EHEQU) 241.1 ~119.0 25 241.1 ~135.1 15
3-(4-hydroxyphenyl)chroman-7-ol (EQU)
AIEHE(PRS
_*/AHE?%( ) 357.1 ~136.1 40 357.1 ~151.1 25
Pinoresinol (PRS)
# 5 H % (GLY)
- 2829 ~268.0 15 2829 ~2329 25
Glycitein (GLY)
DA R R (MTR
Y ,MH.D%( ) 357.1 ~83.1 25 357.1 ~122.0 35
Matairesinol (MTR)
Tl iz F Ik (SMZ
i ( ) 252.1 ~156.1 15 2521 ~92.1 25

Sulfamethoxazole (SMZ)
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i &% . (i FE o ACQUITY UPLC HSS T3
FE(100 mmx2.1 mm, 1.7 pm); FshAH A K 0.1% H
FR-7K T, B A B R 0.1% FF R- 2 15 ¥ 5 T
F04 mL-min”" ; FEFRIRFUN 1 L FEIR R 45 C
BEREVERL TR .0 min, 1% B;0 ~12 min, 1% ~90%
B;12 ~ 13 min,90% B, %5 2 &#E 5 8] IR G 3 3h
AHEBEE (1% B)F-£T 2 min, B 13 ~13.1 min,90% ~
1% B;13.1 ~15.1 min,1% B,

i S5 EST HL B IR IE B 28 1B il
FAL A T(99.999% ) ; IE B TR N s e K
32 kV, B PR BT R 2.8 kV; BATE IR
JE8 320 °C;s-lens RF level & 50 V; HH RN
DDA #z{(1 full scan followed by 5 MS/MS scans);
—RAEIERE N 15 V, R RE 30 V; BT
T 70 ~1 000 m/z; 24743453 BE34 70 000,
H 31 25 HFRME(AGC target)Jy 1e6 , 1 AR [E](IT) H
100 ms; — 2% 14 (dd-MS/MS) 43 #E K Ky 17 500,
AGC target &y 5¢5,1T & 50 ms, %{#i 18 b Xcalibur
3.0 BARAE
1.7 AR A2 2= B o b

FEHE 1) A 27 o B 2R A5 10 IR R Bs 2 AL 2H
2R BRAK I} Progenesis QI v2.3 #Kf(Nonlinear Dy-
namics, Newcastle , % [E) #F 17 3L £k i € | 1611 1] R
g3 PR BRI TR RS I XS FERNIH — Ak, HFESHCh
precursor tolerance: 0. 0005% ; product tolerance:
0.001% ;product ion threshold: 5% , fbL-& ¥ AY 2% &
FET RGBT B, R i DA R R &R oA,
The Human Metabolome Database (HMDB)#1 Lipid-
maps(v2.3)LA S METLIN %4 2 iE 7, X2 HL
FNAECRE , IBRBRAEO 18)>50% 1B 1%, 5 0
(B LA B335 i 17 U TR AR e /DMLY — 2 48, T AR 4 Ak
B E PGS AT 73 (Score) X e PEAS 2N 1L & W E 47
Tt )b e R e G I — R

HHE QC % EE /K-F (Exp-L) 41, # EE /K-F
(Exp-M)ZHF15 EE 7K (Exp-H) 4 2 {0 IR REAS
S0 B AR P B AR e R AT A A
(principal component analysis, PCA), BRIk EE /K
ZH(Exp-L) .4 EE 7K3F-(Exp-M)#11 EE 7K F-4H (Exp-
H)Z2 A BRIBEAS 1) AR 35 ) 36 A7 P T4 T 52 i e /N —
e % 1) 5l 43 1 (orthogonal partial least squares dis-
criminant analysis, OPLS-DA), [A] i #2 #& OPLS-DA
FFRNTEREA X3 rp ot kA K Y 22 i R A
(variable importance for the projection, VIP), {#

GraphPad Prism 8 {43 i moderate t-statistic 1155
P-value, 75T P-value , 22 75 #((fold change, FC)
1 VIP Gk 3 AR & 2 8] i) 25 AR, FF 22 4l
KL HE T 0 e R A 1 22 S AC ) #E 47 KEGG
i BT, MR —log,, P-value HEF 1Y) top15 i
i Origin 2019b #4218 7~ . fdi H SPSS
AR YR T A5 1 22 A Y A T 1 32 AR
P (ROC) 73T, I 4 T T FL(AUC),

2 453 (Results)
2.1 HMIGPE R R 1 T RN B
2.1.1 ERREST

TEAWFFE d, 3T UPLC-QqQ-MS i) MRM #5
X} 8 Fl BE 47 & w2 ,8 Fl EE MM AR SMZ &
TR X RE R X R R AR 1 BTR
8 Fft EE (ks g nk 2 FioR, 1919 R 5034>0.99
LEPESC R KT, 8 Bl BE A6 PR A i FR 40k 2 fr
7 LRI ER N 55.9% ~99.8% , HL TRV N 74.1%
~110.7% , H VKB E N 5.0% ~8.1% , H )R 25
H57% ~88% ., LRBEINFTA LR, YW E ST
() LC-QqQ-MS J7 ¥ REMS F T I 22 43 PR W A A v
8 i EE B i,
2.1.2  HEIE S BT R A4

T iR LC-QqQ-MS J kil & T 90 il 41
PRGEEAS Y 8 Ff BE W BE, T 2 WUEFE 171 1E
GEN J&—F 5§18 AL Rr P 1Y) S5 36 i X 0 o 35
£ ,90 B A PR FEA Th GEN £ i 1) 48 £k R B 3¢
K, ANE 2() iR, #¥E GEN & HKE 90 622 40 R
WFEA >R Exp-L .Exp-M Hl Exp-H 3 21 )5, HiAth 7
FiEE S5 GEN —3, Bl 4221k ) GEN
KRR, Hofth 7 Ff EE 7K Pl 28K 14 5 K-
AR KSF AR AN, W 2(b) R, X Al g e T
R A A I ) Bk B AL SRS AR LA AEAR , 1 fiT 7Y EE
BEAFI AR BN AT, FF 90 122 10 /R
FEA4Yh 3 415, GEN . DAD H1 GLY iX 3 f EE &
T 1E Exp-L .Exp-M Hl Exp-H 41 8] %8 5 A7 5.3 1k 2%
5 ,END ENT 1 EQU % 3 #' EE & & /7 2 4
() BLAT {5 22 57 s PRS Fl MTR /Y & 57 3 RS
EHER MARLREE, A, K¥5 EE &
FE 3 4RI 0 2k 2 S U I 4 A O S A o
BAGITE L, WA, A5 538 i) 8 Fi EE
i 25 R 4K ) GEN \DAD il ENT B8 35 [
IR (US EPA)SI A N 43 36+ 2 A 72 )7
(Endocrine Disruptor Screening Program, EDSP)i# .
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Count/%
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0.6 END
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E1 8 FIMNEMEHENNIFNESNESESE T3 LC-MS/MS BB

Fig. 1 LC-MS/MS chromatograms of quantitative ion pair and qualitative ion pair of 8 exoestrogens and internal standard
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o
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o
in
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o
=
o
=
o
o
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o
%
3
o

3 1.5 (@) Exp-L Exp-H §o 100 (p) == Exp-L Exp-M m=m Exp-H
Ej-‘ a1 % 80 Feswse sk % sk P ns  *¥**  pg
18 5 2 2 ' L
- 2 10 | gl ns
<HI E ;}é}' G mM
S & 23
£ 3 #* 5
£ < = £
Zz 205k £ 3
O = #HE
E =2
o < <
z TE 0
0.0 50 60 90 2 GEN DAD END ENT EQU PRS GLY MTR
EREE TR SN EMER R
Sample No. Exoestrogens

B2 Z@ARGEHEAPINEEERRHSERE
1+ (a) 90 1 JRIBRE S v GEN #7254kt 3; (b) % EE K4 (Exp-L) ' EE /K40 (Exp-M)F1 5 EE 7K F-20 (Exp-H)ZH JR IR EEA f
8 FhAM IR EMER R 1 & NS L ;" P<0.05, ** P<O.0L, *** P<0.001,
Fig. 2 Content comparison of exoestrogens in the urine samples of pregnant women
Note: (a) Trend of GEN concentration in 90 urine samples; (b) Content comparison of 8 exoestrogens in the urine samples of low EE level

group (Exp-L), medium EE level group (Exp-M) and high EE level group (Exp-H) groups; * P<0.05, ** P<0.01, * * * P<0.001.

R2 ET LC-QqQ-MS J5i%H) 8 FhoMRIEMER SR AR i £k QMR (LOD) FEER (LOQ)
Table 2  Standard curves, limit of detection (LOD) and limit of quantification (LOQ) of 8 exoestrogens
measured by LC-QqQ-MS method

SN PRI FRE ey B | B R
Exogenous estrogen Equation of standard curve R LOD/ng-mL ™) LOQ/(ng-mL ™)
GEN y=39.749x+0.5103 0.9930 0.070 0.300
DAD y=18.854x1+0.0406 0.9985 0.100 0.700
END y=55321x-04338 0.9995 0.100 0.700
ENT y=47291x+0.0173 0.9984 0.070 0.300
EQU y=0.116x+0.0001 0.9924 30.000 70.000
PRS y=0.629x-0.0035 0.9988 7.000 10.000
GLY y=65.047x-0.6882 09972 0.001 0.003

MTR y=16285x-0.0355 0.9989 1.000 3.000
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Fig. 3 Score plots of multivariate statistical analysis of metabolome in the pregnant women’ s urine samples of Exp-L,
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Fig. 4 Volcano plots of metabolites in the pregnant women’ s urine samples of Exp-L, Exp-M and Exp-H groups
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Fig. 5 Bubble diagrams of KEGG pathways of differential metabolites between the pregnant women’ s urine samples of Exp-L,

Exp-M and Exp-H groups
Note: (a) Exp-H vs Exp-M; (b) Exp-M vs Exp-L; (¢) Exp-H vs Exp-L.
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Fig. 6 Relative content comparison of betaine and gentisic acid in the pregnant women’ s urine samples of Exp-L,

Exp-M and Exp-H groups

Note: (a) Betaine; (b) Gentisic acid.
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