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ABSTRACT

Objectives: This study was undertaken to examine the metabolomic changes due to gender and diurnal variation
at sampling time and to identify an appropriate time point for urine sampling in epidemiologic studies using
metabolomic profiles.

Methods : Urine samples were collected twice a day (morning and afternoon) from 20 healthy Korean adults
after fasting for 8 hours. The metabolomic assay was investigated using *H NMR spectroscopy coupled with
the principal components analysis(PCA) and partia least squares discriminant analysis(PLS-DA). The metabo-
lites responsible for differentiation between groups were identified through the loading plot of PLS-DA and
quantified using Chenomx NMR Suite with a600 MHz library.

Results : Metabolites responsible for differentiation in gender and sampling time were creatinine, trimethyl
anine oxide (TMAO), hippurate, mannitol, citrate and acetoacetate. Dimethylamine showed difference only as
afactor of diurnal time. The level of creatinine was higher in men compared to women, and the levels of citrate,
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TMAO, hippurate, mannitol, and acetoacetate were higher in women compared to men. The levels of creatinine,
TMAO, hippurate, dimethylamine and mannitol were higher in the morning rather than the afternoon while
those of citrate and acetoacetate were higher in the afternoon rather than the morning.

Conclusions : Since urinary metabolomic profiles varied by gender and diurna cycle, urine sampling should
be performed at the same time point for all participants in epidemiologic studies using metabolomic profiles.
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Fig. 1. Metabolomic spectral patterns according to gender in urine samples of healthy Korean adults.

TMAO,; trimethyl anine oxide.
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Table 1. Summary of urinary metabolites according to gender and diurnal variation among healthy Korean adults 2008

Mean+SD
) ) ] Gender Diurnal variation
Metabolite Chemical shift (ppm) -
Men Women p-value Morning Afternoon  p-value*
Citrate 2.66~2.7,251~256 23681+1085.2 3570.2+1830.3 0.073 2272.6+15119 2969.1+1589.0 0.001
Creatinine 4.03~4.05,302~3.04 14393.7+3365.1 119632+3961.2 0.519 13178.4+3788.3 7372.3+3802.3 <.001
TMAO 3.25~327 7527+1709  24065+2588.6 0487 1579.6+1976.8 431.9+564.3  0.007
Hipourate 7.8~784,76~764, 3280.8+1687.7 5094.9+4521.7 0217 41924434484 1390.8+15285 0.001
PP 7.52~1756,3.95~3.97
Dimethylamine 2.7~2.71 - - - 650.5+504.6  2789+1714  0.004
. 3.86,3.74~3.82, 2509.2+1486.9 2887.8+2269.5 0152 2698.8+1964.8 929.5+860.0  0.002
Mannitol
3.65~3.7
Acetoacetate  2.26~2.27,343~344  258.2+101.9 289.4+1448  0.015 2738+1316  537.6+8356 0173

TMAO; trimethyl anine oxide.

*p-value calculated by t-test for gender difference and by paired t-test for diurnal difference.
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Fig. 2. Spectral analysis of metabolomic pattern according to gender using PCA (A), PLS-DA (B), loading line-plot (C), and
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Fig. 3. Metabolomic spectral patterns according to sampling time using NMR in urine samples of healthy Korean adults.
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Fig. 4. Metabolomic spectral patterns according to sampling time using PCA (A), PLS-DA (B), loading line-plot (C), and

Spotfire program (D) in urine samples of healthy Koran adults.
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o] wjZe] FrieH T A e, ¥ A7dd
Zke] TMAO v &2 Aol &3t ZARTh= 470
Hel & 32412 Aol 23 Aoz nelth TMAO
o] A Azl wE ApelE AR AFE e
v oo TMAO wiAde] o w2 712> o4 4
o] t] FF= e sl7] W& Aoz AzEn

Hippurate: Z-5-72] 7F &l A EXH7E 5
< B3 AFE lzAk(benzoic acid)e] 3l 5= <]
AR F oz wjEEE B oo [28]. A
Aoz At AWl A WAFY, Ao ope} A
W m] A& (gut microflora)el] 2ja e s AR
©]t}[29,30]. Al A HlAES] zpolE AEE
2} ool 72 o) @ale) 23 WA 3TH(3l].
Abg o2 wiE= & hippurated] oF2 AAF A
Foll §-2]3k 2po) 7} %iﬁb‘r[ZO] Al 7t Aol 2H
[12], o] wWlzAre] AFH k] 71918 Aoz wal
o}. Hippurate2] —,1—-46& ZHaE A el A hippura:
teo] wjZell o7} Sl Aoz vig Fod At

o ool

&
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A A wo|r}[32]. & AollA] Ae| hippurate 5
=7} 2 A2 oAl 3% o

e AR oA &

ZEoH{12].

A2} S AHE- (seafood) A1 # = dimethylamine2]
&L folsA $7HA1%15[8]. Dimethylamine
A7 FEO AWM WAEE P TR
short-chain aliphatic amines[33] .2 TMAS2] Al3}ol|
ol wHEojxl TMAO=RE 3JJA=E =2 [34]
TMAO¢} dimethylamine2- 72~ @lol] 23] o33k
& B How AR 2 AF4] dmethyla
mine v} &2 TMAOS] 79-x3 AgFgAdF el °lst
oz AZE) Dimethylamines= 2 Ao o =2
FEE Boed, ol A nAEY] AT &%
o Aolel 23t Aoz MwE i gluH[6].
TMAO=XE A dimethylaminez¢] ®3he
EAYAM R = Hoor Ty H9v)
A AT deluton o= A
AEL] T} &55F2 zbolel o3t ezt A
g o] }[35].

Mannitol-> 1-F7r| a2 A 7] IR A 9} 7ol
Alabedel| A opake] ZRxAH E3] AMgshe &
tEoln] Aoz E o|wAlZ AMSHTL B &
of| Al W7 =™ [36,37], 2 W mannitol ©] 2 A
gt &-A13) 71 A A=A S 7R e 6]
Acetoacetate’= A Ex)) (ketone body)2] dh}= 7t
oA AAEH FFI=TF FA] AHE 7FsEA] o
< A% v ez AH4-5IoH[4]. Acetoacetate:
e3lEo] A& w Aupake] HAEwHA A=
L FFIRZIF A5 712 Fetel AEAE F5
= o] 45 o}7|2[38] A HE FHAaA|T)=
Al J#[39]% g o 243} 2, He
A FERI= FFo] HEHA W A=A
RS AR S gl o] A9 AEAZE Ml
YA LS AlFhed ol T8 Ale 7)ot Al 5
Qrell 273h= 2 ofufR]| o] A2l 236 o] (4]
Wbl FES A A AEAE Bl 273
ouj#]e] 2~6%% FFI b 3Y7 FH
A== A9 D2 oA 30~40%E A=A
7} FF3H4]. 2 AWM v w2 acetoaceta
tee] =7} IEE A2 oA Alg 3 Aol &
28F FE7|7re] &% AW 4] Aol vls)] A

o 7] WEd Aolnt. =7 ZzwjAFe] =

d ot N

o
—_

o

o of

N o

& @AM FEZ|ZE] oz e euA7} o
e g Alelmz, FE7ZE gt AEA =y
B T dvA =3 xlug & Zlez 25
e} o2 olal gl A ARRRE o w2 pre
acetoacetate”} FHAE = 7oz A7HA HY 2t
Aol e s 2l g F4d77t sl

B d7olA AR dab A7) B4 4=
t 2 AR oug 7RI B 5] dAb
= Z2IpIR Aled BE gt AlsaA] Azt
& FU3 sefopt & A HF ZAE vt
E I e RIS L P s i A

2 A7ddAs 209e] 22 mo|n, =it 2
el A 2R Tk S &
d7e A st Al 5 gl ARk R 7L
A gleh 2y 2 A7 dAR A7l 3o
A ol & Fag ez Fo shiql &Es}
H AR RS 9% duzake Aae] kst

EAE Fu $3EA] ootk A73e dukls o
Aoz mEstdE AEE Y] fEIME AR
SRR wE WA E 9 HAAIEEA T
A== dubEel EAE #EsE Aol WA A
T ool AdziEejof stk 2 QA= A 7 1
23 Hx $F Azl w2 A wEkE
slolom, o] Fa YAMA ATl AR S]
FAAZE U3 = Aol A" Al87E v
g 7PssiA sk, Aled wWileg Hast &
4 Sl W g Aleksla ek
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