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Gender dependence of metabolomic phenotypes for human saliva using ultra-high performance liquid
chromatography with quadrupole time-of-flight mass spectrometry
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[Abstract] Objective - To investigate the gender-related metabolomic differences in human saliva. Methods - The saliva metabolomic profiles of 5
male and 5 female healthy volunteers with matched age, body mass index (BMI), living and tooth-brushing condition were acquired using ultra-high
performance liquid chromatography with quadrupole time-of-flight mass spectrometry. Metabolites were identified using publicly accessible databases
and further confirmed individually with standard compounds. Both multivariant and univariate statistics were conducted to find inter-gender differences.
Results - Forty-eight metabolites in human saliva were identified including 13 amino acids, 6 choline metabolites, 15 carnitines, 4 sphinganine metabolites,
7 lysophosphatidylcholine and 3 organic acids. Levels of phenylalanine, acetylcarnitine, propionylcarnitine, butyrylcarnitine, isobutyrylcarnitine,
isovalerylcarnitine and sphinganine were higher in the saliva of females than that of males. Conclusion - Rich metabolic information present in human
saliva with significant gender diffference which ought to be taken into consideration in study on the metabonomics of saliva.

[Key words] saliva; metabolomics; ultra-high performance liquid chromatography with quadrupole time-of-flight mass spectrometry; gender dependence
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Y, HACBA R ZBI AR PRI 55 2 R IR SR 2L
RS2, MELTAL. M. WSS A, ik
HIWC S FE T B AR AR, DRIk, Wi o ok ik 2 R
FEN U B R oe b

AH T — BRI A AR~ WF 22 5 TR AR
M FBZ—, RS A A A i AT S oy B SR AR,
I H B I R R s R, AT T 20 e AR 4y - I
BLAE 50 ~ 3000 f 2 BRI " A ORI TR
T AH €3 — A2 AT © AT [A] BT (ultra-high performance
liquid chromatography with quadrupole time-of-flight mass
spectrometry, UHPLC-Q-TOFMS) I J # A 1 A i 21
T3k, oW e ISP S L P I P AT 2R 1 B HEPE S 1
HE

1 HHS%HE

L1 AE2EA50

Gkl PR W EE RN GG 4 B 3K F Sigma-Aldrich
(H ) BRFA B2 =], B il R o 5 6 T 3G 3 A I
Bt A8 4li gk 4 38 B B T Elix Advantage System ( &
[E] Merck Millipore 5 fRR 2y &) ) ##4lik 240 (HLPH 3R >
182 MQ/em), L- RAMR. B- WA, v- A4 TR, L-
R, L- RAZM., L- Uk, L- K&EE. L- L.
L- AR, L- HEBR., L-HA®. L- mtEiR. L- &
TR, L- 2R, L- Buaf. L-HEiR. L- Pima
e, 1- WAL -L- dHE R, 3- B -L- AR, L- B AR,
L- RN ARR. L- AR, HEBIER. L- 238, 4
BElEE. L- A2 MR, L- MR, L-ER. L- HamR. L-
R ER R EL . L- CREAE B, L- PRSP, L- Tk
Heamk, L- 5 TREAE B, L- SRERE Bk, L- SRkt At
B, L-2- FUOETREAE A PR . L- BAE TRES am, L- &
FOE A Py e, - PRGN R AR, L-3- R SRR R
B, L- R EEAEpume. L- SEfbkpamm, L-3- Hk R EEAE
P, L- Z$EEAEpam. L- -+ Zheme e s, X s- -+
PEREAE DB, L- A G REME A PR, L-3- B2 A6 LR A A
L- /e e A P 55 20 M7 b of 5 W 5K T+ Sigma-Aldrich
(tpE) KAERAF, =B N- By ket T
fis, N- HUEEHRERENEREY . &AL, L-o- HihekERin
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1.2 Mg AR il Al S5 b P

AHFFEIAERS (25 ~ 30 %), (R ER % (BMI)
(185 ~ 23.9kg/m’) FA:IG S-S5 LR 5 MBS 5 itk
PEGEEEEREE R ARG (B BERE AT 2 JA3 TE W .
SVERSARPEN) . FEARAF 10 CLREJEE A IR AR UL T Y
SRR AT . A BRI o 2% P IR C Be— Bk, ARARI
Bl 4 H P ERZESR 10 N IR — i R 2 Bl 28R R
5 B ARG BUC A% 47 09 2 mL ALK 0 20 s,
FE RIS AER R E R B OAETTAE —80 CURFENIRAT

WEHR SO uL IR MEHFE AL, A& A 2.7% (B
O HEREY 150 pL & HlE (FE0KFR 4 CHI% 24 h) ., imliE
30 s FFELD (4T, 16099 xg) 10min 5, B ELiEK (4
150 uL) F4LEA 0.22 pm R IR JETF 5 A BCA A+
ERYE TR AN R BRI AR 10 L RS SR B
BAE AR AL TS SRR AR AL, TS R T S A
Wb, AR EERAE 3k B A HAESR).

1.3 il — ik S8

A3 B F Y %8 4 Agilent 1290 Infinity 4 i {3 & Bt
Agilent 6530 Accurate-Mass Q-TOF Jiit{¥, €ailt: A C18
S AH 3% 4 (ACQUITY UPLC HSS T3 C18 £, 1.8 um,
2.1 mmx 100 mm); FE74 4 40 C, {7 3# 24 0.5 mL/min,
BERE R A 1 uLs G AH 2 B4 & A 0.1% HI R i 4fi 7k
(AfH) Fn&A 01% PR ALK (BAH); ARk
o B B R R B MR BRI BR E, 7E 1 min AR EFE B AH
1%, 3 min fif B 1 F+ % 15%, 6 min [} B 41 F % 50%,
9 min [ B #H T %8 95% H #5 2% £ 12 min; 3 A A 75 4
B ) A 25 PF T T A 4 A 5 ming  JBTRE (SO IR A
350 C, A 8 L/min; T4 A 350 C, A
9 L/min; IEEFRMET, BHEHRE 4000V, g
MEHL I 500V, FALEE ok 45 psi (1 psi=6 895 Pa) ;
FLEs R, EMEWREA 3500V, Wi
H—=1000V, FLaEE DA 40 psi, b 1A PIET T %
G, ASCES BIERE T FisAEs (BN RFHerEA)
TERBAERESA 10, 20 F140 V &0 MRV BUE AR, FrighlE
T Bt s AR E .

1.4 AR % B AL IH) % 550 B

JEIEHAE S A Profinder B.06.00 4% ft: (ZE[E Agilent B
oval) BEATER B RIBOE SRHEIESRE, 2R3 EAG R i
kb, OR BRI (] e o 505 B R EOR SR, R oy
#r (principal component analysis, PCA) K i/ 34>
#r (orthogonal partial least squares discriminant analysis, OPLS-
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R A ) W 25 2 S AR . AR SR8 oA 56 R B R
{64 0497, AR AR AR R AL Ha R HE R T 0.497, 1]
FORFHIE S B AE 2 H Z MRS 22 5., RJH SPSS
14.0 #ft: (£ [E International Business Machines 2y w]) %f_Fik
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Fig 1 PCA score plots from the mass spectrometry data in positive (A) and negative (B) mode for human saliva of different genders
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T T P 1) AT A BN 2R & A £ &= I AR 15 B (#A&1)
T8 3 e B A U B B v ) R R RS B B R v TRy R BT BT
IR, X NZEMERE AT &0 13 FhaE EER. 6 FRIEGRAC  mokmestmek CLH.NO,  [M+H]' (246.1700) 85.0295
e 1t Tk BTk HE A = B 5 1 B ok 1 3 N 7
(aﬁﬂﬁé&ﬂaﬁﬁ*ﬁﬂ_@%ﬂgfaﬁwﬁﬂqﬂﬂﬁ By A HLER % I CILNO,  [M+H (2882168) 85.0295
48 FpfRitpidi T TS (1), XMW ES L KR
, . 5 . AT P PAT R C,H,NO, [M+H]" (372.3108) 85.029 5
o FINE, BB 2 %B, ASTEPEBIA A i g AR
s N .\ - . - T BT RE 1A C,H,NO, M+H]' (424.3421)  85.029
RO TR A2 5, (LI M IR i A A gl PHIREREAR eHp ) ’
PR IRE /A P e CH,NO,  [M+H]' (428.3734) 85.0295
B 1 KB R His CuHNO, M (3023054) -
Tab 1 Identified metabolites in human saliva C16 RS * C.H.NO M+H] (274274 1) _
R feEk BT BRET s CHNO,  [M+H]' (318.3003)  —
L- il % C.H,NO, [M+H]" (116.0706)  70.065 9 2 IR 3 i * C.H,NO M+H (2302478)  —
L- 4% CHNO,  [M+H]' (118.0863) 720808 oo copcmeminy (16:1)*  C.H.NOP  [M+H]' (4943241) 1840739
L- i CHNO, [M+HI" (120,065 5) 1020545 VAL REISRL IR (16:0) * C,H,NOP  [M+H]' (496.3398) 184.0739
i AN LR e MBS (18:0) * CHNOP.  [M+H]" (524.3711) 184.0739
L- =R CH,NO, [M+H]" (132.1019)  86.096 4
VRSN (18:1) * C,H,NOP  [M+H]' (522.3554) 184.0739
L- RAR R C,HNO, [M+H]" (134.0448) 88.039 4
TSN GG (18:3) * CHNOP  [M+H]' (518.3241) 184.0739
L- & CH.N,0,  [M+H]' (147.1128) 101.1070
M EEIERL R (20:0) * C,HNOP  [M+H]" (552.4024) 184.0739
L- 5 R C,H,NO, [M+H]" (148.0605) 102.0550
VMBS GG (20:3) * C,H,NOP  [M+H]" (546.3554) 184.0739
L- Hi s iR C,H,NO,S [M+H]" (150.0583) 104.052 8
FrERIR CH,0, [M-H] (191.0197) 111.008 7
L- 5 CHN,0, [M+H]" (156.076 8) 110.0713
ST C,H,0, [M-H] (191.0197) 111.008 7
L- HNAM C,H,NO, [M+H]" (166.0862) 120.081 0
L- s C,H,NO, [M+H]" (182.0811) 136.0760 i CHO, [MH" (117.0193) 730500
. CLHNO,  [MtH] (205.0072) 1460607  H:* FOR LI I bt i SRk B B0 %R 5 MR T HEFT T Hesi
o — FORTCA AR A
TR C,H,NO [M+H]" (104.1070)  60.0819
HEEhR C,H,NO, [M+H]" (118.0863) 59.074 0 ™ o N
Hk, %t EdREARR) OPLS-DA 44 % BB I (%8
TR AT, CH.NOP  [M+H]' (184.0733) 124.999 6 . . L . .
“ : IR : USUE — 5% 43 (cross validation-analysis of variance, CV-
MR I C,H,,NO, " (258.110 1 ) . — _
R HLNOP - MEFHL BSRHO D) 1041070 ANOVA) B HERTER P A/ T 0.05, W] 2 JoRFTEH]
e CHNO: INFHT (13207680, 900535 A ity iferty (U AL B4 2 5%, SLHakiE (14 3) o
F CHNO  IMFHI' (1140662) 440524 b T % SR M49I0 B (5 5. Tk, 45 OPLS-DA 4y 47
A CHNO,  [M+H]" (162.1125) 850205 g5 i 35 7= S AR Y BT ik ARr AiE S b 2t A 720 2 s S -y
R T CH,NO,  [M+HJ' (204.1230) 850295  U&UF., Z5REI, wPMERP L- KRR . CEES AR,
PRI CHNO,  [M+HI (218.1387) ss0205  PAREAEPABR. TREAEGR. ST HEAE AR, S 5mb Ak i
R oL MeH) (rereen) ssones  TURHEEEROE R EMSTRA RS (£2). B,
- o, M Gerers) ssorps  WTBRBL, (EIEE TRIBIK T, Lot R
408.290 1 H4L it JERELES PEAE S =
. oo, pwen) (s ssoms 08290 T IIRII G R A A T SRR 5 G
AT, Lo PEEgg o B EE 4 234.161 2, 266.176 2
T C,H,NO,  [M+H]" (232.1543) 85.0295
388.293 9. 416.3252, 479.228 7. 716.520 2 11 829.500 1
S TEEA P C,H,NO, [M+H]" (232.1543) 85.0295 L = N e — 5
AR & 5 BYEFE R R B AR, e
TR C.H,NO,  [M+H]" (246.1700) 85.0295
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Fig 3 OPLS-DA loading plot in the human saliva metabolome of different genders
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Tab 2 Metabolites of significance difference
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3 PRI P
4 TR
5 ST P
6 S5 IR S A
7 LN

8 Ul

9 C.H,N,0
10 CH,NO,

1 U2

12 u3

13 C,H,,0,

14 U4

15 C,H,O,.P,
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166.086 2
204.123 0
218.138 7
232.154 3
232.1543
246.170 0
302.305 4
408.209 1
234.161 2
266.176 2
388.293 9
416.3252
479.228 7
716.520 2

829.500 1

PR BF IR [R] /min

o A
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
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ESI+
ESI-
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ESI—-
ESI—
ESI—-
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Bk, MiEHENR

[EES¥ ¢
0.605
0.673
0.622
0.812
0.597
0.639
0.730
0.536

—0.580
0.621
0.646
0.569
0.544

—0.572

—0.513

AV =N
R o

PE
0.005 1
0.000 1
0.000 8
0.002 3
0.000 0
0.001 5
0.002 0
0.036 1
0.005 8
0.005 1
0.0152
0.001 9
0.000 5
0.129 7

0.4003

2.59

2.41

1.52

0.75
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