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Identification of metabolomics profiling in maternal urine and hair

for gestational diabetes mellitus
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[ Abstract ]Objective . To investigate the maternal metabolome on serum and hair associated with gestational diabetes mellitus(GDM)
and to explore the potential biomarker of GDM. Methods : A total of 49 GDM cases and 44 controls were recruited at 26 to 28 weeks
of gestation. The serum and hair metabolomes were analyzed using gas chromatography—mass spectrometry (GC/MS) and liquid chro—
matography—mass spectrometry (LC/MS). Results : Of the 747 metabolites identified in serum and 545 metabolites identified in hair,
23 and 31 were significantly different between GDM and control , respectively. For example , Amphibine H(P=0.001),N-Oleoyle—
thanolamine (P=0.005) , 3 ,4—Methylenepimelic acid(P=0.043),25-Methyl-21-tritriacontene—1,9, 11—triol (P=0.004) were increased
in GDM. For instance, piperic acid(P=0.029),2,2,9,9-Tetramethyl-undecan—1, 10-diol (P=0.017) , Lenticin (P=0.004 ) , Docosahex—
aenoyl Ethanolamide (P=0.021) were decreased in GDM. And of the all significant metabolites, N —Oleoylethanolamine had the
greatest ability to classify GDM status,with area under the receiver operating characteristic curve of 0.846(95%CI=0.757 to 0.920,P=

0.005). Conclusion ; Metabolomics can assist with the elucidation of metabolic mechanisms underpinning GDM development. The

metabolite (N —Oleoylethanolamine ) that could classify GDM
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status was identified in the hair of participants;highlighting the
potential of maternal hair as a source of biomarkers.
[Key words]gestational diabetes mellitus; metabonomics ; gas

chromatography—mass spectrometry;liquid chromatography—mass
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U ) B JR 9 ( gestational diabetes mellitus ,
GDM ) 2 S W BPHEAISS 1 R ORI A BB IR
o, BRI R 909% L 12 GDM, BB 4 -4k
B AL 109", 1325 20 45 GDM [ AR F 2
I, E A R AR R AEZ —  FEPIE
ik 20% 197444 8 GDMP!, GDM Bt L il e i
AN RFE AL FERE I E L B Az LA Mo A xE ™
S5 ARG, LB ST AE Rk RE T 2 B PRI 1) XU 2 3
L LA 2 & GDM; REE R4 6 J5 5~10
Ay i 2 RIBEDRARH, SR, GDM B A LR TS A
I, B R BTG B A AR B, A Tl R L
SELL S T AT

OB 2 A R S8 B & A 1 R IR 71k
¥ AR W — RIS X LA QI A 5 2
FRME AR B QIS ZH T LS e A BHUR 2SR
HPFEPREE R AR R AR A 2 i ]
TOFFACIERTL, PO A= Drbr e s, ik,
AR AT AV — R 59 T H HI TR0 GDMEY
AWbr W, I I S A R AR SC R AU . E
A KT GDM ZE AR LR AR AT ZE, A 5] T H5hf
USSR, AH R TARACHYARIR Foe v | vl o 5 HOE
PE T MR AL YRt A 00 H ) e HapmAs o A
e N, Sk R BRGSE | BRI N 0] st O B N R AL
GIVL SN | ELIBURE I 2 A AP 5
ARSI iz A A 3 - B Y (gas chromatog—
raphy—mass spectrometry , GC/MS ) FIAH {4 1% - 5 1%
I A (liquid chromatography —mass spectrometry |
LC/MS ) KA I 28 A 1L e Sk BB ASARI ) , LA %
FE GDM i 2 A AR B, T IR T HAE W)
PRI

1 #MR5FE

1.1 SRR

SRR R | SRR AT IR 2,3,3,
3-D4-TNZ R 5 P 2 TP S (MCF) FIEAE I T35 [F Sigma 2
Al ONE PR R0 T 2E [# Thermo Fisher 23 & AFFE
TR EEIR L 34l Ostro 96 LIS ZURE S il 4547
W T2 [ Waters 22 A, BRIT45 1 T SARSTEDT A,

AR R T R 45 (95 Labeoneo 23 H)) , {0 iR 1 33
P tn (IR R T E H AT PRA A ) | Bioprep—24 £E4)
FE B AL (BT BB 28 A BR A H] ), GC7890 H S AH 3%

{BE MSD5975 HUBTHEX AR S8 (3 [ Agilent 22 1)), Acquity
UPLC I-Class ZGHEA Xevo G2 Qtof Fiilk R4t (32 [F Waters
NP

1.2 HACRSE LA

T B 1516 RS 49 44 GDM 221l 44 44 1E # 22
TERSE T R R IR 5 — < B, B 24 A0 B T PG R B
KEAE A ST B2 51 2 A ditalad (AR L5 2015009), frfs
AR A T2 24~28 FHEAT 75 ¢ 1 ARME T HE 3 45 (oral
glucose tolerance test, OGTT) % 7E J& & A GDM, i2 Wikr
TR FH ] o AR DR 0 A 0 A 9 20 P 25 48 B (25 I It A =
5.1 mmol/L, 5 75 ¢ OGTT J5 1 h M#% =10 mmol/L, 5 75 ¢
OGTT J5 2 h IlilAf = 8.5 mmol/L), T2 26~28 JFIRIUMMTE Mk
BRAS WO AR AR 20582 30 min, T4 °C,3 000 r/min
B0 10 min JEYEFETRFT 4 °C,4 000 t/min B5.L> 10 min,
W E R M 3R -80 CAHH . Sk BARABCT 2213k
THA X, BE SR 0.5 om B F IR FHARTE B AT 4 °CIF
KRAEZARIPR LIS B,

1.3 GC/MS A AFAL 22 5 47 £ 1L

MEREATRACEE . /5 T4 1.5 mL EP &P AILA 150 wlL
ML EEATN 20 WL 12 2,3,3,3-D4-N 2 (10 mmol/L) i
AY SRR P 510 L, IHEIRA) 30 s JF L T—20 <C
{77 30 min, T T 4 °C,17 000 g B0 15 min, T H 480 pL
LEWF TG EP A, T ES BULDE LA T 7 h, AT
F-80 CEfit# .

S RFEASTIAL P . T 5870 500 FH 25 107K R HR st v 2 1K
FRitt 5~6 mg k&, AT HIEE H , FIEMA 400 pL &%
AEAT (1 mol/L) AN 20 pl N2 2,3,3,3-DA-TAZ R (10 mmol/L)
1E 54 CH¥F 30 min Ji7,4 000 r/min B.L> 5 min, 5T 54 C
WFEFEAS 18 hy JILA 67 WL Bif& (3 mol/L) TR P .
A1 mL O EELAH BRER SR BT AYSE IR, 4 000 r/min 25,0
5 min JFWH 350 mL _FIEW T ¥ EP & T HZSBLOHE
BWARTHNT 8 h, FRAET-80 CAEMH .

e A B 200 L AR AREN (1 mol/L) I ARy AEAS
thORBEIR S S B A T IBRE T, TR 167 wL HEER
34 pL WEBE, ZH0 20 pL MCF, i JiE3E% 30 s, FR
20 pl MCF,imHENRY: 30 s, B 400 wL S405, k% 10 s,
A 400 L BEEREH (50 mmol/L), 3% 10 s, LA 1 500 r/min
BL 5 min Ji, 75 RS BN BRI AN, U N £
AWK BT ZEVUZAT GCMS 43T,

1.4 LC/MS HARTRAL 22

0375 A T Ah B2 . 0l 975 A 45 SR ) Ostro96 LA b AU
il FA 22 B AR SR EEG . BEFLIA 100 WL MLy FEAS A
400 pL 20 (5 1% R ) IR AT PR T il A8 MRl it 1 He b 34
2 EH ARG IRV, WG R T EP S, T HAS B
RUAFASNT 7 b, HAE T-80 CHf# &, BEAVET 50 pL
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5% A , 15 HF LC/MS 538,

KR REASTIAL B 7 5553 500 FH 2 18 K R R R R IR
Friz 20 mg Sk L BUABRITAS , 2L WAk i 35 SO e s <k
RREARSR AR, A 700 pL HEE | Z A5 H1 2 mmol/L F 2
IR G IR (2:2: Ly viviv ) MR ZE BOR , TR 3 4%
37 CHEE 18 h, #RJ5 LA 10 000 r/min, 10 min &5.0> 2 ¥, B
400 pL I T T4 EP & fF B B O 8 R AR a1
8 h, A7 T80 CAA## FH . FEASIA T 200 pL 10%M 20,
HHF Le/MS 23T,

1.5 GC/MS 5#7

A - 53 I A Ay AT AT A RE AR, SR Agilent
GC7890 RGELL K MSD5975 JFiitk EI(70eV & HIHLF), A
FEF(ZB-1701,30 mx250 pum idx0.15 wm,5 m guard column,
Phenomenex ) I Fr & - AL G4 . FERE IR 290 °C,
TR SR 1 mL/min, SUHEAE 1451 E
TE 45 CHEFF 2 min, L) 9 °C/min YL 713 180 CH-4EdF
5 min, #8J5 40 C/min M E L TFE] 220 CIH4EHF 5 min,
40 °C/min FEERE T3 240 CHLERF 11.5 min, HJ5 40 °C/min
Y ETHE] 280 CH4EEE 7 min, B RIS UL
IR TR S T IR TR 43531 oh 250 °C 230 °CLL K 150 °C, Ji
TG 7 Bl 2 38~550 mm, I3 A 3.12 scans/sec,

1.6 LC/MS %47

WARHTE FH Waters Acquity UPLC 1-Class 24t M Xevo
G2 Quof FEHERHN , I iEHRAKH Acquity UPLC BEH HILIC
column (2.1 mm x 100 mm, 1.7 pm, Waters) , IF & T4 0.1%
HIRIER BT A,100% ZIEVEF S B, il 0.45 mL/min,
SYATHS A 14 min, JESHAE A (¥R EEREE 0T R 99%,3 min
B %] 85%,7 min B4 50%,9 min B4 5%, 12 min B Ky
1% 58 J5 MR R VI 99%, BAIEHE 3 kV, RAFEHEHE K
25 V, RSP 120 °C, BLiA Al EE 300 °C, B RAE i
J i B — AL AR RN MSE T RE , 94 5 B 50~1 200 m/z,
AT 0.2 s, Sk AFRAR ] Acquity UPLC HSS T3 column
(2.1 mmx100 mm, 1.8 wm, Waters) , iF 55T 0.19% W BAE

AR A, 100% ZIEFERZIAR B, 3# 0.45 mL/min, S3R4
[B] 9 20 min, FBIHE A BHSEHEE o024 99%, 1 min B F
R %1 95%,3 min FF K 60%, 17 min B4 2%, 18 min B
1%, 9K 0151 98%, BN HLE 2.7 KV, REFHEHLE 25 V, K
SHIEIEREE 120 °C, B FIREE 350 °C, B4 R 45 fff H T % 2
— KRR MSE JI6E , 14 il 50~1 500 m/z, 31} A]
0.2 s,
1.7 HIBAIS Gt par

GC/MS Blla4h & MCF BTl e s, i AMDIS #fiR
AW, VERC EE>T70% HAR B I 0] 5 500008 122 25 /N T — 4
BRI Ty S B 25 R LC/MS FR il Progenesis QI K
{EAbFR | Bt 2R A iR LA S RIH8E JF (human metabolome
database, HMDB) >4 ==, 088 2 L L AR 53 = 44.5 AR 1
FHERARE BRI R A8 K5, Mann—Whitney 6
B0 logistics ST M, B i £ % H logisties [543
POORRE A AR A T BMIAVEATR 22 R Z I LARSE , £Cif
BT A S R BE PRURN L PR 21 5 B 4245 (Kyoto Encyclopedia
of Genes and Genomes, KEGG ) 75 £ H4f 5 P-4k AR 131 BRAS
I3 KK @=0.05, R B2l 22 AR L A 2k
&, 22 AR 0 323808 TAERRAE I 2k (receiver operating
characteristic curve, ROC) &1 Metaboanalyst 3.0 7182 .

2.1 FdaB s IL—axkE

ZARR L EAGE WS 1 T A%, 7 GDM
HAEHHZ,75 ¢ OGTT 25,1 h A1 2 h WIMFHER A
Biilera s, MHTFIES 400, GDM 4R 4AFI% F 22§ BMI
HRAR I, FEELAT BRI ) 45 5L, 2 ZH AL LI A s e B A e
E5,
22 RMLLF o

ML PRAR—ILAE GC/MS HLEERE Y 95 MR, 78 1.e/
MS HLEE T 652 M, b 23 AR (5 Ak B GC/

F1 ZARKIL—BERM(Q1,05) ,x +5]

— L GDMA (n=49) IEHY (n=44) et PiE

R (%) 32(29,34) 29(27,33) 731.500 0.008"
Z47i BMI ( kg/m?) 21.6(20.2,24.6) 20.7(19.0,21.8) 755.500 0.013*
OGTT_ Z5 i ( mmol/L ) 50+0.5 45+03 -5.499 0.000"
OGTT_1h ( mmol/L) 106+ 1.7 76+12 -9.979 0.000"
OGTT_2h ( mmol/L) 9.4(8.7,10.6) 6.9(6.0,7.6) 150.500 0.000"
ZEJH () 392+1.2 39.8+ 1.1 2258 0.026
JRLH AR (o) 3299 + 450 3380 +415 0.907 0.367"
B LR H Cem ) 34.0(33.9,35.0) 34.8(34.0,35.0) 696.000 0.317¢
B L& (em) 49.6 £2.0 499+1.6 0.862 0.391"

TH:a ,P{E}E H Mann-Whitney Ko sb: PIEK H « /5
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MS, 18 43K [ LC/MS) 7 GDM ZH I iE 3 2H 2 ] 1 25 S BLAY
Giit2EaE L (P<0.05) . FEk BFRACE  GC/IMS %558 H 154 4~
R, LC/MS %5t 391 MR, Horb 31 AR (7 4>
K H GC/MS, 24 43K [ LC/MS)ZE GDM 2 FIE 4 412 [
25 B8R TR 257 2 i ny 25 &
FR HILRRATEY) AT AR YR MR 2SS 7E 2 210
BEA T ARG, oA BLERSS A e B 22 SR
LR R RIS ANTEFIRR D R A L3 h % % , HAE GDM 41
TP 2 EORI I R N IR AT A= WA i TR AR TSk
K RIEZ A GDM 2H b 250 B

e M AIIE ] KEGG B /b il 1 44 AN BA
2SR AHE B b 6 Ak B, 38 Ak A kR 2
R T 22 5ACHE A 2 AR L (225 Aok e & AR
W SRR SN I R A B B, B
XA AL GDM R Z TS, [l 2 OB PRI
L B JBE I 2R S IR AE GDM 4R THE Y,

ST 22 AR 2 i Metaboanaly st 3.0 82387 ROC
M2 A0 3k & BLUZ BRI EE £ BEREA fidd /9 ROC 4 T
i FL (AUC) , AUC =0.846 (95% CI1=0.757~0.920 , P=0.005
K3),

Serum

3,4-Methylenepimelic acid -
25-Methyl-21-tritriacontene-1,9,11~-triol =
Sorbitan oleate -

6Z,8-Nonadien-2S-ol =

2-Butenoic acid -

6Z-Tridecen—-2R-ol 5
13-amino-tridecanoic acid =
3-Hydroxy-2-octanone
2,2,9,9-tetramethyl-undecan-1,10-diol =

L
s> | D
S

Fatty acid derivitives

Imazamethabenz -

Oxyethylene -
(4—-Methylphenyl)acetaldehyde -
3-Phenyl-1-propanol
Salbutamol

Benzeneacetic acid -
4-Propylphenol

Benzoic acid, 4-methoxy- =

| S e e

Group

Benzene derivatives

~®- GDM Threonine =
Proline

Glutamic acid

| 278

4 Normal

Ae
Amino acids

Amphibine H -

N-Oleoylethanolamine - &
3-(3,4-Dihydroxyphenyl)lactic acid
Methyl L-(+)-.beta.—hydroxyisobutyrate
2-Aminobutyric acid
3-Hydroxymelatonin =

Linalyl isobutyrate -
2-Methoxy—3-methyl-9H-carbazole %
Dihydrodeoxy—8-epiaustdiol = :

Malonic acid -

2-Oxobutyric acid =
2-Methylcyclohexanone =

Uric acid -

N-Nitroso—pyrrolidine -

B 2 2 2

Ae
Ap

Identified Metabolites

Docosahexaenoyl Ethanolamide -

N-(5-Methyl-3-oxohexyl)alanine -

2-tetradecanoyl-glycero-3-phosphoserine =

10E,16-heptadecadien-8-ynoic acid

bishomo-gamma-Linolenic acid -

xi-7-Hydroxyhexadecanedioic acid =

Phosphinic acid
C17 Sphinganine =
Dihydroceramide =

Lenticin =
Benzofuran -
Piperic acid -

ok
(2
o A
e A

>
L]

> >
®-9-9

Organic acids

£ 2

Asparaginyl-Serine -
L-Homoserine =

Prolyl-Valine -
Palmitoylglycine -

Ao

A

Amino acid derivitives

Dethiobiotin -
Caproic acid =
5-Methylhexanoic acid -

3-Dehydroxycarnitine -

e A

Unsaturated fatty acids
ok
oA

T T T

=2 -1 0

1

T T T T T T

2 =2 =1 0 1 2

Fold changes: (-) decrease level, (+) increase level

1

=S REMME GDM A3 RBARLE
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Metabolism of xenobiotics by cytochrome P450

C5-Branched dibasic acid metabolism 5

Predicated Metabolic Pathways

Phosphonate and phosphinate metabolism 5

Ascorbate and aldarate metabolism
Pentose and glucuronate interconversions =

Glyoxylate and dicarboxylate metabolism
Amino sugar and nucleotide sugar metabolism 5

Glycine, serine and threonine metabolism =

Valine, leucine and isoleucine biosynthesis -
Cysteine and methionine metabolism

Nicotinate and nicotinamide metabolism
Pantothenate and CoA biosynthesis 5

Porphyrin and chlorophyll metabolism 5

Taurine and hypotaurine metabolism <

Phosphotransferase system (PTS) 4

Protein digestion and absorption 5

Aminoacyl-tRNA biosynthesis 4

Naphthalene family 5

HIF-1 signaling pathway -{

Xylene degradation
Dioxin degradation
Benzoate degradation -

Type |l diabetes mellitus-{

Sulfur metabolism -

Glycolysis / Gluconeogenesis <
Pyruvate metabolism 4
Pentose phosphate pathway 4

Citrate cycle (TCA cycle)

Butanoate metabolism

Tyrosine metabolism =

Phenylalanine metabolism 5

Histidine metabolism

Vitamin B6 metabolism

Thiamine metabolism -

ABC transporters =

D-Alanine metabolism

Cyanoamino acid metabolism
Glutathione metabolism =

Arachidonic acid metabolism 5
Fatty acid biosynthesis -

Mineral absorption 4

Insulin secretion 4
Thyroid hormone synthesis =

Hair Serum

A o Skeleton-based classification |
A e | Signal transduction |
4—o
A ¢
L4 Xenobiotics biodegradation and metabolism
ie
Ao ] Endocrine and metabolic di |

A e | Energy metabolism ]
A
A 9
i g
P )
P ) .
id Carbohydrate metabolism
Ao
A
i

° A
A o
» 'y °
Ao
1 Amino acid metabolism Group
o e GDM
o A 4 Normal

LN
Ao
* 0 Metabolism of cofactors and vitamins
-
Y
-~ L
<" Membrane transport
A o
Ao
ol Metabolism of other amino acids
.
-

i @ Ay -

T Lipid metabolism

1 Digesti t
a4 igestive system
o ] Sy
A o

i Endocrine system

-02 00 02 -02 00 02

Fold changes: (—) down-regulation, (+) Up—regulation

N-Oleoylethanolamine

2 ZRNRBHEKE GDM AMIIERAERLE

e
—_ o .
g - _ﬁ
s o
g, AUC:0.846 < |
s (0.757-0.92) |
=)
\‘I: - o
T .
1 & .
] o>
< 4 =
=) =4
T T T T T T | T T
0.0 02 04 0.6 0.8 0.8 Control ~ GDM
BB
3 mMBtZEZRZH ROC Hi%k

it

3 i

Y5 PR £8 3518 P 1) 1 B R 058 s 0 2H L5 4
wrEIIRe AR SRS, BRRE SR A
[F) Fg A A B e 1 28 W A B VR FHIL AR, {H X
S % 114) S ] DR 3 M AR AT B, AR [R] £
T AR R 5 | 1 M SR AR N 38, 2 i S S ) R
PRI 2235 5 i 15 22 40 A Lo LA R 20 B T3 o),
RIS IESE GDM 5 2 BUBH IR G A 15 2 M2
Ak B GDM 4 &AL i A B A, E A PR LA
M GDM B F-BeA IR, = BRI RE S, HAErE 24
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24~28 JAKEE OGTT SR JIWr, IU 22 I i 20 J 2 48
R ANIMZE A RN T AR |, 2 (i 2
W B LA B (0] 2 58 R Bl PR 5% 2 A )5
M, PRI, I DR 3 14 22 & 3 GDM A Wb
KRR GDM, ZE MR & B GDM 1 & fa 22 id
FEANLAF LA A R 45 )R

ABEFEIN B R B A2 FH GC/MS Al LC/MS 6
GDM WA AIHEA , 75 GDM LI A&
P 2-F I TR B Tl 2-E I T ] LI A b
HKI A B, 27 e H O —Fp B A B fb g o iy &
BRI AT SRR, A e KA B ) S PR B A R S
SIS E AR B SR BRI ) AL TR
B, 2- 800 T e vl ik A DN i 2B s [k &
M R, R RS AL B E T R, PR3 T IR X AL
U BBl B9 & B R LAAE AR PR A R A R i
5 BT I A bR B, v RE S RGN A R 4R
AR ACR AR SCM 2 (EAR I, 7E GDM Al
IEHZ AR A 22 5, 3k &k FL % R i
LA fefm ROC M F AR (AUC= 0.846,95%Cl=
0.757~0.920) , RE fc HE A 1 [X 43 1IE % 4L IR 5 GDM
T L 2 T e 2 2o 481 G A 34 5 00 90 A2 1R~
(peroxisome proliferator—activated receptor—a, PPAR-
o) BT BhH , REILIE PPAR-o®, PPAR-o &3 505
FARB A —Fh e SR 7, B O B0E K A e TR 5 29
UG OL T 2B e & ORI = (1 B R, B
211t G IR RT %) MR | DR T ML e S A4 A
NE MV S P2 24 ATPIS, PPAR—« AT AT LA 5%
NEAAE T, IR AE GDM 24 3k % B 2 BLAY B il
1k £, BE R v] BE 4 7 155 7K 7 19 PPAR —o 38035 1A i
YERT, Z i 245 AR o v oULEE 213X ol i 7K S
AR AR I,

LR RRAS T B 5 PR AN 7 B AR B, 4R RE
KA WA LE RS AT o LA 27
B TS S, A R AR
PR I VR AR A A7 BR IR o8 K i 2, M, 3k
RAEAAELK D em 2247, fEA KRR P AR N TR
PEAL B W AR BT b B 12 5, RE S e A st ) £
WY IR N AR B . Sk & IRt 2B R4
PESRAE , AbEI HE i V5 A 5, A RCR , FE R IR
Z X, kRS T T A s s sE bR A H
HIRUR . 45 A IHTE £ BB (%) A= 0 5 P B v 1)
AUC, $275% HAE R A8 10 W0 A P ks i 0 A T RE
Sk v ke IR 2 1) 25 S AR R I, R A s Ak 2 1
Sk R AR R AN A P45 B 5% U5k 0 A 22 B 9 ke
PR ZEME A LT BB R A DL AR s

SIA MU M RREAS , 2210 03k &k 0 5 TR AR AR
R, I HAFfE A ZERAR, X R B = RA IR X
(B IX JE A B (H X — & PR AT A S KRR AR
i DL A RS R KA

25 LR, A 58 25 SR AR R R AR 4 2 1
AT LUE I GDM BYAH A ks . A H A2 4 i
W B 2- 25 TR , Sk & B PR T E 2 W
AT DABS I M S50 GDMUOIRES . AR A58 T L% &
WL BEREAE 22 ) GDM & 18 Lok i — T
R YIRS

Z % x #
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