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Study of follicular fluid metabolic markers in patients with spontaneous
abortion based on follicular fluid metabonomics*

Zhen-gao Sun', Xiao-ming Wang’, Tian-qi Wang’, Yi Yang’, Kai-yue Xu’
(1. the Aftiliated Hospital of Shandong University of Traditional Chinese Medicine, Jinan, Shandong 250014,
China; 2. Shandong University of Traditional Chinese Medicine, Jinan, Shandong 250014, China)

Abstract: Objective To investigate the follicular fluid metabolic markers associated with spontaneous abortion
to further elucidate the mechanism of spontaneous abortion. Methods Follicular fluid metabonomics analysis was
performed on abortion group (n = 40) and control group (n = 45) who underwent in vitro fertilization-embryo transfer
(IVF-ET) by ultra-high performance liquid chromatography-high resolution mass spectrometry. Results There were
32 kinds of different follicular fluid metabolites between abortion group and control group, including amino acids,
cholesterol, vitamins, fatty acids, bile acids, lysolecithin and others. Dehydroepiandrosterone sulfate, LysoPC (16:
0), Palmitoylglycerophosphocholine and other 5 metabolites were up-regulated, and 24 species were down-regulated,
including L-valine, 6-Oxohexanoate, L-Phenylalanine, 2-Oxoglutarate, Linoleate and so on. Conclusions The 32
differential metabolites identified in this study are related to spontaneous abortion and provide a possible diagnostic
basis and therapeutic target for spontaneous abortion. It provides a scientific basis for elucidating the mechanism of
spontaneous abortion from the perspective of follicular fluid metabonomics.
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PR, A5 o IR A I IR AR e

F AR P A8 IR IR <28 JH, i LR E <1 000 g
MZaEH ", BERHE W . Z2L0W, HEERREE
10% ~ 15%. Ak, BiE —MBORT G, SikAeE
JIT 7 LU, S EA SR R AR R R AR TR
BRI R R R ke, BREARESN, IRK L
40% ~ 50% JEPIARBE ™, UL R R H AR T A H 9
ELA S8 MRk A . IRV (follicular fluid, FF )
SEORREANI AR B TR B ROAEE, WESE FF AR
YIRSy P LA R) 42 B e BRR A0 A o 2 e ke B RE . AT
5B AEIE AT FF A4 27 0 1 2 2 Wi (6 19 FF AL
ARG, AR A SR & AL R AR
SR, S B AR R AR ] A S Dk

1 #ABEFE

1.1 HRAE
111 —E 2016 4 5 H—2017 4 12 A

HUZ T LR P R 285 7 B s B e v ot R 4G 5 AR B S 1ot
et R I TR ZRATIRSMZ A - MIGAE (in vitro
fertilization and embryo transfer, IVF-ET ) HBE W FF,
SRR (IVE-ET & FART™ ) 40 (A0 HE 41
(IVF-ET Ja 70 W) 45 Bl %t 5E CaR A Be A 5l
BEAAC B D12 BLHILHE , A X RS A [ 245 .
112 #widek  FESREES 8 £ AL
BROET R 3 (AR )
113 siadrg OREIERRTRKEEILE ;
Q& AR VI IZWbRIE ; QL 24 ~ 40 £ 1Y
FRLEHRI L F LI AL ; DI, BIIREIE R, JCiOR
FHAb A5 s @R, SEZIRH.
L4 At OFIFA LI . BT B &S
ML RGEAF T ELRE , R s QIPFENEZ
HMEREZYNRTT ; QXA M2 @A
FEEANRIE, RIEHE N2, ToEHAWY T REroR
AREEFLMT R AR 5 @ NS . i
JENRERH . TEMNERER . B0 A RAE
BRI E . AR SR A R S . By
KW . IEER RSB O EFREC (body
mass index, BMI ) = 24 kg/m2O
1.2 IERFRSER

R MR PEBRICR B R ) ( gonadotropin—
releasing hormone—a, GnRH-a ) & /R K Jr %, i HE
AT 1 B AR, THEIRS 7 d (BT
ay 2 i ( Progesterone, P ) >5 ng/ml, T 46 1 59 5 %%

GnRH-a (£ 2554 207 ) ik 2 AR5 bR (B
HEA< 0.5 cm, Ifil FSH, LH<S IU/L, E2<50 pg/ml ),
Y[ A 14 ~ 17 d BP JF 4R AR P R 3 (Go-
nadotropin, Gn ) Jii ol M A2 HEBR, AR 4 2 35 14 i A o
BB Gn Ja sh )&, WS B8 K i i R0
IR BIGOL, WG, Y= 2 M INENE
= 18 mm, WIHES AGEBEREREEZE (human
chorionic gonadotropin, HCG ) 10 000 1U ( B g 17 i Bk
Be 25 ey A BR A F] ). P4 HCG J5 36 h i#£47 B
MG SRR, WS 1 AR A B, L
FF, B Fafiha M e EEan i frfe, Ui
FF 3 000 t/min 2.0 15 min ; K L3505 T B.O8
( Eppendorf, EP ) Q[ JTAFSZIRA86) ) 1, Arid
J& BAEAA TWAN AR, 8 RN SE5e 45 o

1.3 ZEARTE

131 #H&ald&  FEERR200w] ZiH FF 2
PRSI, A 600l HEE (EEBLAF) - &
& (EEBRFEAF ) /K (4 0 4 2 2), IWHE 1 min,
14 000 /min £5.0> 30 min, WHC EIHWE EP &N, H
5wl R T

132 I FA ARSI 4 K H Kinetex C18,
2.1 mm x 100.0 mm, 2.6 m Fl Waters BEH Amide,
100.0 mm x 2.1 mm, 1.7 pm 2 FiEEHRAE, Kinetex
C18 : Fishkl A Jy/kHl 0.02% R ( i (s YRk
HAHWRAT ) ; Wl B AP NG . Waters BEH
Amide : B A SH7KAH 10 mmol FHRIE ( FIEHER(E
HEVRHCARA T ) s Wahtl B ARV « KA
95 : 5 (V/V), % 10 mmol &M, 2 Fh (o i i
10 0.4 ml/min, F:IE A 40°C, g R ] AB SCIEX
Triple TOF 5600+, 7E iF £ & 1B T X £ s 247 %
o AR ACh 2P BRI (IDA), 11K
— PR (100 ms) il & 10 Y 9 T RS 4 4
(50 ms ). ZHATFEANBE (DBS) IRES . —AH
JEE 100 ~ 1000 m/z, —ZAAHEF 100 ~ 1000 m/z,
KA 35 psi, A 55 psi, B EA 55 psi, 3
FIRIEE 550°C, EFEHE 100V, AlEHEHE( 35+ 15)V,
133 Rt s oar R 2R R
YOG T T, IR A — D ERE, SR
M ERG 0T (PCA) Fiffe/ N3k — FI 5153 bt
T (PLS-DA ) MEE(R L XREASHEAT EDUL . W] SEAIAT
Gt s T . TEAR S I B SRR 1 AR
AIREAS, Bfr B B AR AT B s 1, B
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R, XS R DTk, A ¢ R R AR
TSR P, P <0.05 NERAGIH¥E X,
AR B2 A1 22 R BT AT L, P 3RS RS
B S [ 2 E R LA R DC R4 1o, MR —4
iR B X e 5, I B R R
15 BHH AR %
1.4 ST ESH

B R F SPSS 22.0 Ge it R
PIB + brifEZE (xxs) Fon, HPIASTAEARRER ¢
K s THECRBIDRIOR, HT xR, P <0.05 K2
SAGIEE L

2 #R

21 WHHEBE—MREARILEK
WrE A 5 R R B A Y. ANAAERR . BMIL

F1 WABRE-RABIER

JL fib A2 BP ¥ 3 Z (basal follicle—stimulating hormone,
bFSH )., FEAfE B AR (basal luteinizing hormone,
bLH ). F:AllME — 1 ( basal estradiol, bE2 ), F:fill 55 by
2 % (basal antral follicle count, AFC ), Gn K %{. Gn
AR, 227 G A RS (P >0.05), fEIG KPP
WARPRITT, PIZLARH AR ORI, 25E
Gl ER L (P <0.05), Wy 4UE T A, il
B RE 200 o e ARG B A 22, BERH FF AR K
FR 732 Ak AT BE XS BRRR 20 S AR iR it ™ A — E OS2I
T 2H 2 F O %, 2PN DR | RIS AE (frozen
embryo transfer, FET ) MR A ( embryo transfer,
ET) i Ll e, 225 igeit =2 2 (P >0.05).
W1, 2.
22 WARMSBETRE

SR JH v A €3 — T o0 B B IR A (3

(x+s)

X HRZH 45 30.06 +3.15 329+ 1.75 21.73 +1.01 6.54 +1.09 4.23 £ 1.69
Fih 40 28.99 +3.05 3.10+1.91 22.01 +0.98 6.09 + 1.36 4.22 +1.46
tfE 0.386 0.067 0.081 1.973
PiE 0.689 0.935 0.909 0.064

X HE2H 45 46.66 +3.17 15.02 +5.33 12.11+2.25 2641.46 + 986.15 1431+ 6.89
bW 40 46.62 +3.25 15.17 +5.25 12.10 +£2.19 2450.55 + 839.13 17.06 +7.09
i 0.226 0.063 0.858 -1.799
P1A 0.801 0.950 0.387 0.072
Fx2 MNRBASHRFAKIINZHBEEBILE %

o piiska:] 45 67.9 39.1 63.5 37.7

b W 40 60.8 25.7 74.7 24.7
X 1E 5.599 8.864 1.303

P1A 0.019 0.005 0.236

[ SCIEX 22 /) ) 43 JiIAE IE 8 R 8 B xU R X i
FEARUN BRZ FF RESHEAT R, WAHRE Gl 1 R
DRI ULPE 1, 2, R v e e d 3 A 0 1 i o
o
2.3 WZEKR PCAKBS

R FHARSE [ £ 20 24 - Bt [ AR T 7= FR 3 FF A

e AT A AT, Sl ISR . WEDCEC Gt AT,
PIZAE S BT ) PCA 130 I DLIET 3. 4, B s Al
R FIR2ZE BN, S AT R R 22 5B, PR
ZUTE PC1 4R LA B RAF o0 2, UiBA ™4l FF N
Y S IR AH L 22 5 B2, AR A FF Y
R T Mk
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sulfate, LysoPC(16 : 0), LysoPC(18 : 1), LysoPC
(18 : 2), LysoPC (18 3), LysoPC (20 : 3),
LysoPC (20 :
Tl &Y, FIA T HMA L-valine, 6-Oxohexanoate,

L-Phenylalanine, 2-Oxoglutarate, Linoleate,

4), Palmitoylglycerophosphocholine 5% 8

Oleic acid, Oleic acid, Docosahexaenoic acid, 13,

14-Dihydroretinol, Lithocholic acid, stearoylcarnitine,
25-Hydroxyvitamin D;, Hydroxycholesterol,
Chenodeoxyglycocholate, Trihydroxy—5heta—cholestan—
26-al, 13'-hydroxy—alpha—tocopherol, 13'-hydroxy-
alpha—tocopherol, Tryptophan, LysoPC (18 : 0),
LysoPC (20 : 5), Bilirubin %5 24 F, W3 3,

®3 MEASMRAABERULEY

E47S Z 5 RhE R JEr ke / (m/z)
L-valine SRR e s R At 116.071 1
6—Oxohexanoate BRI R VA i 129.055 6
L-Phenylalanine fis ARG 164.070 7
2-Oxoglutarate SLRRN S5 E IR 191.017 3
Linoleate JE Wi R AT 279.2315
Oleic acid e MR it 281.2472
Hexadecanal FERERR I 299.2572
Docosahexaenoic acid R AR Gl 327.2320
13, 14-Dihydroretinol MBI 347.258 7
Lithocholic acid RAFR AW 6 1k 357.278 2
Dehydroepiandrosterone Sulfate FEWEA R Y& S AR 367.158 2
stearoylcarnitine REATEvEY 4263627
25-Hydroxyvitamin D, HerE D, AR 445.3299
Hydroxycholesterol R F R R R A S 447.346 0
Chenodeoxyglycocholate JEFRAEY A 1 448.306 0
3alpha, 7alpha, 12alpha-Trihydroxy—5heta—cholestan—26-al JHER A=) 5 1 4743597
13'—hydroxy—alpha—tocopherol AR E AR 4913715
L-Leucine SEARR N5 AR A 132.1029
Tryptophan AR 205.097 8
2, 5-Dichloro—4—oxohex—2—enedioate N 226.9522
Lenticin AR 247.1450
Palmitic amide e iER A Gl 256.263 2
LysoPC (16 : 0) I awi] 496.340 6
2—Palmitoylglycerophosphocholine g i 5 497.345 4
LysoPC (18 : 3) A 518.319 3
LysoPC (18 : 2) N 520.340 8
LysoPC (18 = 1) NEFCIT 522.356 2
LysoPC (18 : 0) iwli) 524.367 8
LysoPC (20 : 5) B 542.3212
LysoPC (20 : 4) YRt 5443414
LysoPC (20 : 3) NI 546.348 6
Bilirubin JiEEAE 585.274 0
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FRTL =R R 242k, HRIBRIRY N R . Fk
R Yotk EREIN, 5 40% ~ 50% JRH
ANERL AR & A R 2 T TR FIIR G 2 D5 T
R, BRE DLRIZRAL, BEOARDR 25 0 A 435 BB 200 M T
i, MR R IR R, iR R R
Jo e ARG . IPREA AL PR 21 AN S A8 F R R Y 5
PR, SRR G R B OCHE, DRI C
PR S M AT YR A SR S R, 1 FF AR sy R]
Hz R W P RE A AT KR VR R . AT S AR )
ARG 2 I 50 S X I P A 5 % BR AL R FF R AT
IR, REIAZEFIA Y, X2 F A T AL A R

Bs | dirk 2 JALMRESE, IS AR M
KMEVEAT ISR
3.1 PEE#EEZE

JUEL T RS2 20 S 1 S AR S5 A B G, R R LB
KAWL, NHREEEE T  ROCE S, 27- FRALH
] P 2 L T Pt 5 S P A8 300, 7 B 22 S0 08 1 [
R G R AR, AR R HOP TR, e
T R A, )2 R i R 2 A PR I NG A
e, shERE Y, LARKIN 48 ¥ 38 o s 58 & 3
25— F2 JE A [ 0 ok 2 5 hCG RN P OKCOE A G, Hik
B >30 wmol/L i, 2353 hCG. P AKEFER, $miE
IRE5 R, 5T .

32 HEERZE

B 9% KR JE B R U (recurrent spontaneous
abortion, RSA ) WEE KK, MR LK, EIRWIHR
S B 25— B4R 3R D, AT AR Ry S0 8 I8 1 4
PR~ Fe T 77 BR A4 (R HE R Bz, DA T R AR 0 7 XU
Treg/Th17 AP RFFLR AT IR LR R, DR A
PRYEA: 2 D RITE Treg 5 Th17 40 f-F- 87 L 45EVE ],
T REAR RSA XU . o — A= A alpha—tocopherol,
o -TE) Je—FIRHEEDTEALR], Z2IRIG RTINS
SIMSEK 45 " #ff 5t & Bl o ~TE fEWFRid 4 H 3, I
AR, BT 1 & A% . MILLER % " @ o
YRR, o -TE 6= (5 n] L= A 15 O,
HIE BIRG 2 & B R IFAET, It o -TE §t=7]
e SIS E G, A, o —TE i AT gl HA 2L
PIBTEARIG T, WS R BN VE T, DA 25 52
R LIET 3, i i kR Y
3.3 HAEME

ARG AE K KT BOCE L, MW 2, 3-

KUIN%EREE (indoleamine 2, 3—dioxygenase, IDO ) J&[#f#
O Z MR AN TG . ZONG % " 58 & B, 1DO (it
Z 45 RSA MG, HALHI T AESA 1DO HH] R0 T 41 i
HEFH L By 1k PR G SO i | S 4 i s R R
XA 4 S W SR N AT R A R F . FEL AR
K, EETRICHHZAE B ™ 1 B OB R iR AR
ZHANG %5 "' BFR &, % LR ( branched—chain
amino acid, BCAA ) S5IFIRZGE Ry VIMHK, 75 BCAA #%
W 4 239.10 . mol/L Bf, BCAA 7K T+ 13218 ik
7= % Tk, BANERJEE 55 "™ %45 & M & A 2R
(Idiopathic recurrent spontaneous miscarriage, IRSM ) &
H AT MIEGHA P L, B . EmR . K
NZMRAFAE IRSM 5T . e R R SRR
B EUIRCH—FPZ LR, POGORELOVA 45 ™ &3,
LA KZ R E G e AR i FR ik, s oK
NG KA T , GG E KR ZZ S .
3.4 PERAERZE

RE MR8 53 A AR R ( saturated fatty acid,
SFA), HRHMI NS I R ( monounsaturated fatty acid,
MUFA ) K Z ARG, A6 50 Rk 40 i s
RETREEEH., A2Em R, RGN EE
M ARSI, AR AE PR (1 pmol/L) 1Y
Sy R AU 4 25 & N N R O i N ST
AR AN, BRI MUFA SR AT EE G
ot JETh =2 v [ SRS R B, SFA 5%
K . ORBLFNRENIE AR BRI G, TR AT A
FURSZM " COLVIN 45 ™ W) & SUAZ AR AR R v] H4 -
P FRAMIFET -, WM RIG K&, 3™
3.5 AmIpEEREE

LI, CHEN 4§ " 5@ s A Q20 2%y i e b . 4
TR AR RACHAZ A, &I LysoPC J& 0 SR
MRAEYIREY . HRTREDITEIESS, #f fRAEE 4
JB SRR E B R AR B OIAEOG, XWIAIEE Rk LysoPC
5 HART ARG =

AWz FF AR - FSE 7 i, R0 F R
T B R A FF 22 A, X 22 AR
YIrTRECAIS W B AR A bR, o B AR
MW IRYT BORT 2GR R R BERT i AR L . SR,
AWFSEREARR D, ARG A SR %
FF KOV, Y KA S, DML rase. it
Hb, 5 RN 2 U2 [ 2 0 B 2 00 B U 1 A X
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