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Age-Dependent Changes in Metabolites of the
Normal Brain in Childhood :
Observation by Proton MR Spectroscopy

Miki Tanouchi', Masafumi Harada",
Toshiaki Hashimoto® and Hiromu Nishitani"

We investigated aging-dependent changes in proton mag-
netic resonance spectroscopy ('"H-MRS ) of the normal brain
in childhood, and obsgrved differences in the four portions
of the brain. Measurement by 'H-MRS was carried out on the
frontal lobe, parietotemporal lobe, temporal lobe and cerebel-
lum.

The NAA/Cho ratio increased rapidly in the period from 0
to 2 years of age in all portions except for the cerebellum, and

measurements of the cerebellum was not sufficient to reach
a conclusion, but no clear aging-related change was found.
The Cho/Cr ratio decreased according to the neural develop-
ment in all portions except the cerebellum.

Because the T2 relaxation time of water after four years of
age was almost the same as that of young adults, we used the
relaxation times specified in the literature to quantify the
metabolites observed by 'H-MRS. The subjects used for quan-
tification were aged from 4 to 12 years. The concentration of
NAA in the temporal lobe was the lowest of the four portions,
and that of Cho and Cr in the cerebellum was the highest in
four portions. These results could not be obtained by signal
ratios alone, and we considered that the quantification of me-
tabolites is necessary for a better understanding of '"H-MRS.
This study showed that the results of 'H-MRS vary depend-
ing on age and the portion in the brain. Our results may serve
as a normal basis for the detection of pathological changes
by 'H-MRS.
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Fig.1 Voxel position for '"H-MRS
(A)measurement for the frontal lobe
(B)measurement for the pariet-temporal lobe
(C)measurement for the temporal lobe
(D)measurement for the cerebellum
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Fig.2 The change of 'H-MRS on different ages. The voxel of each
spectrum was placed on the pariet-temporal lobe.

(A)10 months old, (B)3 years old, (C)12 years old NAA, Cr and
Cho means N-acetyl-aspartate,creatine and phosphocreatine, and
cholie-contained substance.
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different portions of the brain. The error bar shows standard de-

viation.
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Cho/Cr ratio in different four por- 0 T T 1 T 0 T ‘ T —
tions of the brain. The objects for Frontal Pariet-Temp Temporal Cerebellum Frontal ~ Pariet-Temp Temporal Cerebellum
this calculation are the same as Portion Portion
those of quantification of metabo- (A) (B)
lites concentration (Fig.6).

WEIZPE S ER RS e hho /.

Fig.4lZ, EBALBIOCho/Crit DIERIC & 2 2L % IR T.
NAA/Cholt & 138 IZATIFHEE, SEHIEMTHAE S L OVMITHEE T34
WZBWTHERICHEY T 60, Zhididh 1 ~ 2%
FTHRKEDS7, ADNIE, NAA/Cholt & [RIFEIA & 2 2 1
LR o7,

4D HABOLIZ BT B K DT2AEFNER & 4Eib & DRI
W CFig 51T, @it L TR 2 L, BerLKTH
BHbENhs,. LaL, ghlbivbidvEmibairo7/2 4 i
PH1I2IEE TOMMATAS L, T XTOLHMNTTIOmsH 5
8OmsDTH Y, HWEELERT 5 LHMLERIZL S
HFEEIZEOLTVwEVWL S,

Fig.612, 4~1280/NEIZBWTOERFER LI F
LW TRT. NAA, Cr, Cho®iiidvoxel N D1yl 1 % 7
F. NAATIE, FHTEMTALED RS & <, ATDHsE, Nk, M
A T ERONETa A, Cr¥Chold, /N TR b S\ EifIC &
D, MO TITKEREI 2D o7, FHEOEREE(4~
125%) A B & L 7:f5 5 0REEINIC & 2 il 2 Fig. 7I3R” T,
NAA/CholtTid, RiUHAZE, SHIAMIGAZE, MSHIETHONAE
IINAADBEDNE & FEETH B A, /HONAA/CholbA?
b Evlis 2o T B, Cho/Crlbid, 4 EMFTIZE A LS
D <, N E RO BEBRL & 0@V IEFRD S o
7=

%z =

NEDH-MRSD#iE 1L, Peden°Knaap 5 AT19904F (258
KLTH6, BAEF TCICETOREIHRAR INEY. 9, Fil
L B2 TICSWLLHMNTED), ETidEa
LIC L BREID A SN TWABD, Lo L, WIEEiid1 4
id2 #ETTH Y, SEhiichiz s ThhTuwin,
HERDOFETHRDE CHE SN TV OIITHTHIE A A THLE
TH Y, GRObhbh OB CTIEHTEMSHLE L L/2illE
LA BIC R DTV, DIUb O T b IHIERE L

THESMES H25H

i, o2& h b Ah {, MoHs s RABEOERKIZL S
ZALHERD S, FHHIERCERIEAREE, R H e
DWALRDEL: DYHA % <, susceptibility DI # it
ZFI Wi £z 6D, —F, SEbAbhIIRE

L Z-HgRBE R MISHE TR, B 2R &S A%E < susceptibility
DB EZIFReTVWEEZ LN, ThA, FHIEMETEIE
R, TR e2wWiHHO—2 LI, FNT
b NS OFGLT B AERTICMAE L72NAA/Cholt @ |5 &
Cho/CritDIKTFA AL, WMOFELRMTEEDLER
Sz, — /N, FEBIEATA A A R OFE R D A THE
EIXTERVD, FEHL2B{EANE- &9, Ko
B L 1D H B Z L BER bR,

Kreis 13, i##5ED'H-MRSOHEDHT, KOT2i%
IR OFERIZ & 2L RET LT 505, HAEROE
bR TR L, 3 ~ 4Pl LTI, 1ZIZBAL
[[E:127 > TWBD, SlldbibiofEid 1 Bt 5145
TH Y, KreisH D L2 A B Lo oML e
NTWwhv, bbhoBR Til14m T COERTGRET
b, WBRDRBABENAKMO S TRD N, EF
IO RDFEHERNIL, Fhie & SIThTNIZENL) %D
DTHDLZEIRE IR L2 L 1 B TOREIZE
THRIZ UL, 1 L EOZLIIIER SRR TH Y,
Wi SN TV 2 AIROEFEERE (70~100ms) & 1T & A L7
D3\, Toft & D IEH /NI TOFHIFER OHiEt T b gesta-
tional ageH¥1008LL ETIEIZIZA & [FEOBHIEETH 5
ZENHEENTEDY, bhbhoi#id #hs L FET
b0 TIES <, FERNEOROBAEFEIZITIZERMA
LELWEEZ ORI

'H-MRS D3 it LI I FRFIREH D TEHRAA T K T 5 75,
FOREICIIREREMLEL, 400 %) 2ERFMORIE2
PR ENL/NEEGNIEHEEETH B, KOBIEEE DT 4 5%
PLEo/RRTIE, BEALFSETHZE Z Lhb, Tofth R
Kreis 5 O & HbETRET L, SHbhbhrEgZRE{LD
WG E L7z 4~ 12 F TOKEMHW OB IZ, HER

47



410 ‘ EA N 4 S0 o F i O B A

ADENSL EIZZRIFTHA I LHfEESI N,

ERAGRIE, FEATEEONAADEEA RS <, HE
BETHEHTRLED o7z, ZOFEIL, Christiansen & D535
B (20~307%) DIEH KN DR 7% 2 EAL TERAL L 755
& X CHB B9, &5 1ZChristiansen 5 1%, 60~80EDIF
WEEZONLEANDKIIZDWT S ABEORE 2470,
I X ENAADBEZEIBL L TWE I LEHELTY
L. bilbo/NRIZBIT AR EHbETEZLE, /A
R S FEM I TRD SN A THTERED & HFIEICH
T TONAADEREEDE N2 B & A LKMo ME A &
FENR L e B EHEEE SN A, Christiansen 5 DL (12 10
B, bUbhOBE S &0, ERILIEZVOINDFiRE L L
TiToTWVa. bbhOWE T, EFZEE*HRELT
WD 72D EER I A ST, VOI & B R il & " BE 2 iR
DEEHVERALICHEE L, MEEMNRE 2 IJIZRMT 2 L9
IZLTWADS, X IEFEICIEVOIR DT DMAAE & THl
IE‘J‘%JLZ B 4. Christiansen 5 DE N TOEIZ DT

I, MCICRIRAT L WO IR T E v, INEH D

AHELIELEEROBEMMELZITbe I hER bR nwa
EZlbHBLEEDND,

MEIZBW TR ERILEZ 1T - 23R {, bR
bLOBHEL HoLidvwiiwn, Lo THEIZITE
WA, Db OBET D 6 /NME T DCho, Crd i E A Kk
WAL TV A TREMEATRIE S, 415 8 & ISR
FEAQAHOLMIL T LEND L LEZ N,

—F, EEWERICLZMOEAMIC L 5EVOBET
{%, NAA/Choltid/MRTROLEVERL LD, NAADER
RREFRL 72 T, BHEELTII/NMITORN
Choif#BE % L3 B 7= L # 2 Sz, HEsHIle o 558 R
EOBRHE ISR 2 NAA O ADSHIAHAE T B

D, BN E HWIHELT L ONAAD KD A & 13
mbY, Mo THIRT 2feltksfeilans. F72, Cho/
CritTid 4 ELICHED B D2 724, Cho,Criiihiod L 11,
AETE L, ToL9 BRI B 2 BEESRERT
BEHMETE R wWEE L LRI,

bIbIOIT - 725

S 1| T e = 5 2 N 2= TIPS a1
b, HE/IKE'EXOFEIIREITEThW AV, VOINDOH
B/ IKAEOESIEINEBMIC L W R ->TBY, Biick
BANY MVDFED, ZOBEOENLBTEEL HB &
Zz6N5, LaL, Kreis 5 &FE &IRKEVEOR B O
FMIEL, MEOENPENIEZHELTBYY, 98/
PREk ) 71 IoWTIE, SHBEGIZEEINCHET <X
iEEEZ NG,

AlalDbib N OME D 5 ' H-MRS DERIEHIZ &7 - T
(&, FRPHEIAIC L 2EICFHEL, BT L TWPLE
Wb EERXOLNDLY, F5HEILOATIZFHMIZRRES
ik ) WECHFEED S Y, 4RI OME L v #i
IHED b FHEASAT R EEZ S, FOENZ, VOI
NDOFHEIRBED AT 63, VOIRIDMMAFEAIE b 18 L7
AR TR O b LETH A 9.

AWEE, H-MRSIZBT D IEFHDNERO—FEHE L 42D 5
HEEZONDD, SHESIEFIOER & BMFER S &
OHIERII L BENZ LY, "H-MRSOEFHEIZBIT 24 H
AL CWELNWEEZ TV,

TH-MRSHISE I T iz 2w e = hifal— - oS - L F
+.

ARFFEO R, JCHE R REIZEA (No.06857059)
2k - 7=,

X [

1) Klucznik RL, Wolpert SM, Andorson ML : Congenital and de-
velopmental abnormalities of the brain. Wolpert SM, Barnes PD
ed : (In)MRI in pediatric neuroradiology. p.83-85, 1992, Mosby

2) Harada M, Tanouchi M, Nishitani H, et al : Non-invasive char-
acterization of brain tumor by in-vivo proton magnetic resonance
spectroscopy. Jpn J Cancer Res 86: 329-332, 1995

3) Harada M, Tanouchi M, Miyoshi H, et al :Brain abscess observed
by localized proton magnetic resonance spectroscopy. Magn
Reson Imaging 12 : 1269-1274, 1994

4) Austin SJ, Connelly A, Gadian DG, et al : Localized 1H NMR
spectroscopy in Canavan's disease : A report of two cases. Magn
Reson Med 19 : 439-445, 1991

5) JEHAHESE, =AF5A—, HINEERL, b : Proton MR spectroscopy
(MRS) D5E RO KA — SRHY OB L AIES %A
HERE & L COERIL LB ORI 2 oW T —, HARE
RKEE 55 170-75, 1995

6) Toft PB, Leth H, Lou HC, et al : Metabolic conacentrations in
the developing brain estimeated with proton MR spectroscopy.
JMRI 4 : 674-680, 1994

48

7) Kreis R, Ernst T, Ross BD : Development of the human brain :
In vivo quantification of metabolic and water content with pro-
ton magnetic resonance spectroscopy. Magn Reson Med 30 : 424-
437, 1993

8) Knaap MS, Grond J, Rijen PC, et al : Age-dependent changes
in localized proton and phosphorus MR spectroscopy of the brain.
Radiology 176 : 509-515, 1990

9) Peden CJ, Cowan FM, Bryant DJ, et al : Proton MR spectros-
copy of the brain in infants. J Comput Assist Tomogr 14 : 886-
894, 1990

10) Christiansen P, Toft P, Larsson HBW, et al : The concentration
of N-acetyl aspartate, creatine+phosphocreatine, and choline in
different parts of the brain in adulthood and senium. Magn Reson
Imaging 11 : 799-806, 1993

11) Kreis R, Ernst T, Ross BD : Quantitative proton MRS in the human
brain : Biochemical and clinical benifits. Abstracts of eleventh
annual meeting of the Society of Magnetic Resonance in Medi-
cine, p.1920, 1992

HAEER SRS $56% Ho %



