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Urinary metabolome analysis in preterm infants

Shoji, Hiromichi
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We performed to examine the nutritional effect on term and preterm infants

using urinary metabolome analysis.The infants were separated into four groups: the term-breast group
(TB), the term-formula ?roup (TF), the preterm-breast (PB), and the preterm-mixed group (PM).
Urinary excretion of choline metabolites at 1mo were significantly higher in TB than in TF. Choline,
betaine, and sarcosine excretion was not significantly different between the PB and TB at 1mo.
Choline and N,N-dimethylglycine excretion was significantly higher in PM than PB at 1mo. Choline
metabolites excretion was also significantly higher in PM than TF. Choline and betaine levels were
significantly higher in the preterm than term formula used in this study.The type of feeding in
early infancy affects choline metabolism. Metabolome analysis is useful for assessing choline
metabolism to modify the contents of infant formulas also in preterm infants.



¥ XL C—19, F—-19—1, Z—19, CK—19 (dm)

1. WFZEBAR S IO 5

RARNT ) LAAFSEOH LWFiEE LTHE
HINTWD A X AR —AFNTIE, HIRRAR
WEEY (A X R u—2L0) ZRRNICEERT D
LIk o TEMBLG A R R L X
D &I L HEmRTH D, B FTIHK 3,000 i
L S, A TITAETH RS, BRSO b
TV AR—Z — ORI O 270 63, R
BESLCH e EOWITFRA I SIS S
TWo, ¥¥ 7 ) —EBKKE—EEOTE
( capillary electrophoresis mass
spectrometry : CE-MS) 131 A4 L PEHW &
HEREICHIETE D WO R H D | b
F, N =RV R, 7 UREEIE &
WV T2 TR L — RSO, 7 2
J B e & FEE A AREIRREE O AR A
ORI A A MTHEZ DG, ERNT
E<HWLNTWD A Z AR — L5k T
&5, BN IRV #E 4 (intrauterine
growth restriction : IUGR) OF e, 4t
WRHIORFEHE (FRRE, NLIHRE) ©
KEZDOMRHICHEN DL Z ENTHIS N
B3, ZTIVE T/NRRH A VLRI C OREHE
XAAN

2. WO HW

IUGR & EskE7 v, v MEMPENR I X
OWRBERZR % & U, ik, Rz FvT
CE-MS JEIZ K D A Z R e — LR 2470,
ZEOHEMMEIZOWTHE LTz, £7-. Bk
FELT, MIOATHY T ADORXH R
— LNRENTZAT o T2

3. WrFED I

(1) TUGR 7 » MZBT DIk, JRAZ A e —
LIEMTIZ DOV T DORRET -
R 18 HE D SD Z » M L Cibifd]
T EEERRAS SRINN 21TV, Z D% RS
WCHAELZTZ Yy b&2 IUGRT v FE L,
RN HITRICHELEZT Yy FEa v
ba— gl Uiz, FBEOREZ » 4L
IZOWT, A% 438, 8 THRILB L
BRIR ATV, CE-MS JEIZ L D A X R m—
IRAT 2 HEAT LT,

(2) JRAZ A v — LfiFHT % VT2 E% 6 20 H
[ D FFFLAFE DI ROV T OGS -
W CHAE L B B 2 b %
L7, BALEER (NLILEAN
540mL/ A, 1 2>H B - 13 61, 6 7 H
B9 0, 52 A TILAERE (1 22 A
6%, 6 22 AKE:5Hl) IZOWTERIRL,
CE-MS {EIT & B A ¥ 7R b — Lihl & E i
L7z, fRTTEED—2>THDH 7 LT F=
AN K DI 2 TR L 7=,

(3) A& Av— A& Wz FERICE T
LR =Y ARG OV T ORRET :
YR CTHA L7-HER 28~31 O RpE
Waktg L U, FELaess (PB) B 11 45,
REHFE (PM) B9 Bl oW T, BEIR
KENET LG REOLE LTI-EH%
14~29 HORIZEIR L. CE-MSEIZ XL %
A B RO — MR E R T LT, 510
B CIEMAPEIR & U CHIEL=4% 1 00H
ORFAEE (TB) B 13 i, A T (TF)
BEGFIDFR A X B — MRHTHE R L i
Rt Lz,

(4) AZARv— LR 2 VT2 N T O
WOV T OGS
AFTEEZERNA—I—DANTHAY 7
Jb (EHAPE R b FlJE « A fh~E ., FpE
VB 4 % - A #~D £H) 122 T ., CE-MS
BRI LD A X R — MENT T -7,

4. WR7EEE

(1) A% 48, £k S HICB VT, WEEOIK
EICHEEITRD o T, A Z R
o — AENTCIE 70 FEEOA X R T A b
DR E N7, IR BETlE= v hr—L
BRI, A% 4B E8SHEEICHBLT
HEICHBOREHEZ TR L, 1-7 V% I v
PMMEEZ R LTz, HLBRIZ DWW T, 2 b
0 —/LRECIIAEH% SH T 4MIZHRTEH
BRI A2 7R L7225, TUGR BECIxAt 4
W e 8 LD THEEEZRDRI ST,

P

N #* |: Control
180 r i B R
16.0 '

3 |
140 + 100 -
120 | :
100 | . | -; &
8.0 6.0
&8 T 4.0
40
5 L 2.0
00 .| [—-._ 0.0

48 88

PR A Z R a— MM Tl 54 FlEHD A #
RT7A4 MBI Enz, < owE T4
#% 4R A X R T A MR 5
<. WHRI CHEBEZITRO RN o725,
TUGR #ETITHEMAL T 2358, 2E% 8T
Tz br— VB EAEICEMET
HoT,

48

% #

*: p<0.05.*: p<0.01
# p<0.05vs. 48

LT Lasy

M1

8&



30

25

20

15

10

1A

6 A

R¥%

438

(2)

[ Icontrol
I uGr

#: p<0.05, #x: p<0.01
#: p<0.05 vs. 438

LT LB
45 ¢
4.0 }
35 f
3.0
2.5

JTUE FIvbAY

25

438

8 48 88
Mg A % R v — AFENT S TUGR 12 LY
HEREE, 1-7 V2 I RE L W T8
BN RN D lREMED RIB S ufe, TR
A B R a— LEHT S TUGR IZ XY A&
NI A MR S RN L, ARG
BERE L 0 LTI IR S HERE D R I
B4 2 ATREME DN RIR ST,

ERRIEEL, HAEKRE, @R2RFOKREIC
ﬁFﬁﬁfﬁ%%%mu DIRHo 7:_0 A &TD
— LT CHRIE L2210 DA ZRT A
D5 H 29BN T RTORY TV
?ﬁﬁéntoiﬁﬁﬁﬁ?m\iﬁl
MAFFIZB W THEAIXIZIESDBEL TR
V. IROGEHES zxﬁfxé{tﬁﬁzﬁﬁgh
7205, 6 A EFCIIOBENS RABE L 72>
Yl

Component 2 (27.3%)

Breast @

Formula L.

Component 2 (24.5%)

Breast [ ]

1 ™
Formula L.

Component 1 (35.7%)
REFLRERE CIE A THLREBREIC L
RA v b CHBRPEM A B IRE 2 R
Lz, IV v BIOE LA =kt
ITAEZ L DA ICB W TRILEREECHE
WWIREZ R L, Vv BT 7=
BRI 6 20 B IZ BV CREILOEIEREC
ARICEEZ TR LT, 2 K=l
REHTHDLIF A NN-TAF LT
Vo 7p EINRERREBRED A 1 00 A I
THEICEMEZR LN, 6 2ARRIIE
;ﬁ‘%ﬁ%%mu &)7273)/) 7,:—0

HN-Dimethylglycine IIE

Normalized peak area ratio

0.15
0.10
0.05

g

0.15

2o
o >
- o

0.00

2

AN WED

Sl | | !IE Iﬁl lll __________
J000E © NIE

e 01

Choline

Sarcosine Il

L-Camesine

s JHN R
R

IEHIEIRICRT DR A & R v — MM
(2R REFLRER I T A 6 2 H O,

I!’»- - 1IiTIF - II EII IlI.

FLEEICr o
" . 1.20 & viCr
%léi 1.00
A o 080 4
] L#hwssvice g 1
g 0s0 i
émm E 0.40
— i
L()-F LF=>icr ==§= 0.20 ==
2 000
45 L-7F=viCr
0.30 e
0.25 1
0.20
0.15 @ I
0.10
e 0.05 - ==
Formula Breast Formula Breast .00 Formula Breast Formula Breast
1 month ﬁmon!h 1 month & month
© p<0.05 *: p<0.01
15 ayzricr ~_& 4 viCr
30 3.50
.25 .
.20 [
.15
10 @ 300 .
.05 e e
00
60 o 250
50 * NN-UAFATYSVICE &
W [ E& 2.00
o
30 g -
20 £ 150
=== el ]
.00 Z 1.00 T
o | H#aavicr
0.50 $ ]
:? i}
00 0.00
Formula Breast Formula Breast Formula Breast Formula Breast
1 month 6 month 1 month 6 month
*! p<0.05 *: p<0.01
RPPEEEDOHEZDH -T2 THRIZD
W, M@ 7 5 A —SHT & T o7 &
A, RERLRERE S NI RERTILE
— h~y TR NG NIRRT
W,
| 1
o M I T = =o—1
: - L hdAmirs - N [ =
Formula (1m) Breast (im) F?;"'"""" Breast (6m)
Lactic acid i
e AR




Normalized peak area ratio

(3)

RO PEAAR TIZE BT 5 "l REME:
DR SN, BEFLREE & N THLRE T
ITA% LA ORESRTR2 Y VR 2 )
PRI R | BEREICEN D

HEEZ BN, NLILBOEBEND

LIRAZ A —LEFTITIAERH EE XD
N7z,

PB#E& PM A, TBREE TF BE L ORIICHE
fel %, HAKRE, SRIRROREICHE
EERORNoT, 2B al v
REEMIZHOWT PBEEICB T BRF =
UUBXON-UAF LT v P
PM BRI HE_NE BICIRMECTH D (p<0. 05) |
B HPEEEDZ N H A B IR E R
DD LT (p<0.053) . e b HED
W WRBH L a s X W TR E
LRIy o T, PBEETIL TB #EiCk
NRON-UAFT U PR B
B THST=, al a0 W
PIR= RV 7 |1 i QR e S N S =
o 7-, PMBETCIL TF #ElCEH~, 4 THH
WL OIS FECTh o 72,

ayxicr = A4 viCr
L1 3.00
0.40 I 1 * 1 ] - » l
0.30 p=0.053 I
0.20 il If | 1
0.10 @ == 2.50
0.00
PE. PM TB TF -,E -|- -|- ‘IV
L]
NN- X F 047 1 & 1Cr § 2o
* = ol .
0.60 s g s
! . - ® = ¥
0.50 I Ls & 150 s
0.40 f 2 +
0.30 s 1 l x
0.20
== 1.00
0.00
PB PM TB TF
HiLaivicr - 0.50
%
0.10 ] ﬁl
0.05 ‘ - e
0.00 e 0.00
PB  PM

(4)

T8 TF[ <005 ~p<0g1]| PB PM TB TF

HEMOBREERICBNT, Rzl A%
AP T IERIE N L BT R E 2248
EX RS IEHAPE IR &3 R e 0 R
TR TIEL AN RSN, BER
AEEMERMETCALI DY X
MR AN R D 2 L N L - W RE
WRd D EEZ BT,

A X R e — AENTCRIE L7242 110 D 2
BRITANDIL A0HEERTXTDA
TV VTR ST, HEEJZ > HT

TIZBEANLTHY 7 TITIESEE L T
E@\W%§%®@Wﬁ£ﬁ01%to
Ny AVafvy, afvy, Y
V. TNX =y T VT T E
OT7 X REEITARERHAANTIT
ZEHLTHRETH =, A, BFEATIHD

5.

(WFFEREH . Do

ZUVQ%ﬁE%% B, BN CH

HETHoD, C, DAETIHEERAANL
HATHE _mf Tholz, A ft~D #D
f\f?’/]’ vE BT REIRAN LI CIEW E

BRAANLTHICHENFEICEETH 27,
7‘571‘1:’ LEHTICZ Y . AN LTHOR Sy
ERIXEHERA, RERATRRY,
ZA—H—ITHER DL ENREN
7o 5%, ﬁ%%/7»@%ﬁ#%k%
L, NTHKBICHITEEET —% &
2B EL T

S e B
Gy A M ONEHERT TR (2

(=)

(M

)

(2

aoam L) (Rt 3 1)

Shoji H, Taka H, Kaga N, Ikeda N,
Kitamura T, Miura Y, Shimizu T. A
pilot study of the effect of human
breast milk on urinary metabolome
analysis in infants. J Pediatr
Endocrinol ~ Metab. & &% A .
28;30:939-946,2017. doi:
10.1515/jpem-2017-0179.

Shoji H, Shimizu T. The role of
breast-feeding on biological
metabolisms in infants. Pediatr Int.

nJhﬁ &“*I’JEP

Shoji H, Taka H, Kaga N, Ikeda N,
Hisata K, Miura Y, Shimizu T.
Choline-related metabolites
influenced by feeding patterns in
preterm and term infants. J Matern

Fetal Neonatal Med. & FifA. ¥fa.

=3#R) Grefh)
AR ZZE, AERA, thE R, Lﬁ%
JE, HEIFE AN, BEKEY. FERNRE
27 v DR A &ﬁm»—bﬁ%ﬂ:ou\
TOME. BARNEB 2722,
2016.
WAk ZEE, dbAtEnzE, AR, =
ﬁﬁ mU#D IEES. A% 1 4 A
Téﬁ%ﬁﬁ%ﬂ@)ﬁqﬂ: U AR
%K%?éﬁﬁxﬁ$mﬁ%%%m%ﬁ
7Pt s, 2016.
FEFHRAE, ﬁ@%fﬁ,mm SL, PH IR
EA, BEKEH. fEAREAET v b
DIIE A Z B8 — LEHTIZ OV T O
P BARJEFERH A R IE RSN ES
2017.
WA E, AR, AbAT R ZE, 15K
. J:J'<7< 57‘1“12 LA B FHW T AT
1 ARICBT 2 RILEEO IOV
T®@%.E$¢ﬁﬂ%%%ﬁ%%,
2017.
WA ZZE, WA, bR RS, ik
EHE. JR A X R v — N = T B
6 » AMDORFKEDONRIZ DN T DM




At BB PEWIE AR IR E e iR S,
2017.

© AEAZE, K)NEAR, HREHE, BHIA
o, AERrEZE, gAOtsE, REE —, iE
KW, REEWRICIHIT 2R =) ARG
BT SR, AA/NRARSR LT
i F AR =, 2017,

6. WFIERER

(D) W A

AR 723 (SHOJI, Hiromichi)
NER B R « EPHFER - B
8% 5 30365621

(2) 9oy

1§k #2BH (SHIMIZU, Toshiaki)
AR B R - REEER - Hof%
9% 5« 30260889

(3) HEERT TEA
( )

WHIEHE &

@) Wroeim &

M ZSMR. (IKEDA, Naho)
AR R - RS - Bh T
&5« 20773881



