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1. 2R MMM EREE O biomarker & L TH
MRS visible metabolites

Fig. 1-a ICHBI 2 IEFEB B X CINEIMREO ZA R V%
R BEOBRKHE MRICTHHICE— 7 PERTETH S
R & LCid, Neuron [ZHERMICHFET L EEZHNT
W % N-acetyl aspartete (NAA), Cratine shuttle D3E TH
% Creatine (3 X OF Phospho-Creatine), il oRE IR %
W L7z Choline A%lH A L SN, HWRREICBVLTIX
LI LIRAERO ¥ — 2 BT 5. £ b C, BxE 2k
WZBWTENLELEZET L2013, BEMBOKTIZL S
WA REREORRE L LToIBoMNB LU, =4V
F-RFBEEORHIE L L TONAADKTTHSH. NAA FZ
DIE & A EHY neuron, & < 12 axon, synaptosome (ZJFFELY,
BRSO = AN F—REP BRI LEL T LA
neuronal density Z XML TWAb E# 2 5N 5b. —J, NAA
% neuron ® mitochondria ¢ Acetyl-CoA & Aspartate 7* 5
L-aspartate N-acetyltransferase (AAT) I2& ) A I 5.
FOEWREEIEI Pa Y FY 7HNIZBWT TCA cycle & 3t
% L CHIEI# (mini TCA cycle) Z B L CTW5b L EZHNT
B 0? energy dependent T 5720, BRI EM 2 o<
AN F—RHHPE L HE SN EA 1213 B EIZ mito-
chondria OFEREREE %2 KBL L CHEAEMETF T A L LB, &
MR %2 7= D A & v AiEEIC L b v, FikEHil
FMCREICHI SN, RIS h b EZ25NTEY, ZopE
TEMWIZEBIT2 NAA OSBLKTIET L LEEZONT
W,

2. 2MHAREIO MRS FTR &RiE

Fx ZHWERICBVT, NAA OETIZEMEEOR S
B L 72 ST, JRIMEER & T IZIZERYIETT 5 2
EERMELTEBYY, KT — 7128\ T b AEOE M 2K
THAAEDLNTWS (Fig. 1-b). 2O Z &, 4 o2tk
At ML A5 D AELAR T ek & FI T3 B eI, FEIERER 2513 o &
D LAEVEFIZBWTD HMRS I 25 liz b bva &
XY, HEROW ML B 2 FEESHIIC & 2 0 e & RE L
TW5.

—7Ji, lactate ® L5113 NAA O TIZEAT LT, RIS
BHpoatoohTBY, EFRTIIEMBSEERD S
lactate D ERBARED SN TWBY, Tz, ZRIMGE AT b
WOELE AL L, Fig 1-c ISR L7z T { NAA O T &
AR D5 DWI B i ELICBRE L TwW a2 DIITH L,
lactate X\ W % penumbra # & & F 2 LN 5 BT REE
ZRELTWLEN (KTIE MTT R 1272 ) ER LT
WLOMRbRS. ik L7z & 512 NAA ZRIMZEOR X 12
WHI L7238 X TR & & BT T A DKL, lactate 133
SERRERI A 5 12 R %2 ¥ — 7 2R3 5.

3. MRITEDAHEDSNEWVERALICHITS
BEEDORKE

Fig. 2 I2RIE 7 HEH B ISR OIS % B 2 % - 72 MCA 3
Wk CES, FB MR ORERMELE /RS, SIE 8 el ©
lactate DFW % LA & NAA OKT & Az ilruoifig, 38
IE 48 IEM] H O iR FE I 1: 8 I H & LB L, lactate DX
TaALDLLEDIZ, MOTRTOE=IHFHLL TS
Zebhersd. TN, BIREVOD, L) lactate D 1
ADAHEREL, FHRERICH DWIBEEERL TWwi W Fig
20 [2] ORI THAE 48 BRI ICIZIRIE TIZH 2 AT NAA
DIERTHALND Z L THD. BIWERIZE VT, BILOF:
BEREE 2SEWEA, B A VIR O ML FAL T 25 72 pe-
numbra Z FHHAIIB VT, MRIEEICEIRS 2o
DRI 24 W LLRE AR 00 3R 72 6 7% (selective neu-
ronalloss) #2352 EFMEINTEHY, 'H-MRSI Tl
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Fig. 2 &I 6 K2 CES, MCA TiHfPsEm M2 & 72 Lz L b B IEf].

selective neuronal loss % 2 L 72 &5 ® NAA M FE 24 I [H] B L7-HMRIEER O MRI TREHETE 2000, FEEDORH
HUBICHERICER T2 2 M SN TWAEY, ZoOJRELY RE 13 9% PR AL A% % "C-flumazenil # & H 272 PET study® T
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RICBWTHIME SN TEY, ZORENAAKTOALZR
3T i1 selective neuronal loss % & T\ A WHREMEA D % &
# % 5N 5. Selective neuronal loss % & TV % D TIX W)
LEZONDEERHEL LT, KEOHZE - 22X 5
TIA TR JFHHEIR 2 /R L 725EBNC B0 5 HAIEER O IR
ftiZe NAA DI T AL DO TS, NHBIIRMHEL S
FEBIC B VTR, WO RFTHERZ 9 TIA %\ L i minor
stroke & 4 U, 24 DL PN o i 51 C U3 P S B8 AR 9 o 95 38
NAA 2METF LT 72778, ME RO NSHEIIRIZEY, 2w L
IE TIA & L C—#MERPED A% A L 72ERY TlE NAA O
EFEASN o7z VI MERALNS.

PLhokiiEa s, HMRS BT,

1. NAA DK & lactate DFE W ¥z 11 9 FETT #1424
LERLTWAEEZ LNLEIROHEE (Fig 1-c, [2]).

2. lactate DN & NAA OB O T % £ 9 1 il J& 8 58
. OB VHW S penumbra F UG L, FEARMY 2 IEE
WCEDFFL 2 TH, KRk & LT selective neuronal loss
ELTWREENH L EEZ 51D (Fig 1-c, [3]).

3. lactate OEEEEHIIN O A % 773 M MLE L. Ao H
WS MHEEOELEE 2 5 s (Fig l-c, £ [4]).
DEZFIRIIRRERZ DT A ENMEEEZ 2 SN b, BN
TR MPAERIMEREEICB T 2D - & RN LHERETD
5 AR ERRR & dh) & L7 2T o indication #
EIHTAHRIEEZALNTURVIOD, FEELA L)
(2 NAA IR IMZHE O R S (I L7238 S TR 3
LA EDLNL DI, BIED S OIFHE &\ factor
SR U AT R QMR O Wk % BFili 9 5 2 & A3 T
XZHEMEE O TWD, T2, BHMITEREO D - L iR
7% adverse effect TH A ILMEAEEDOBEIMICEHAL TD, B
WEBL NV TIEdH 2 D OD, lactate DHKEIIE O VA
I IEZ 2 LR T VI EAWEERTEYY, o
MR modality & @FFHHIZ & ) MRI 252013 e i iy i 5 1
£ one stop diagnostic tool & 7 2 W HEtED M S 5.

DERLZZED1E, BEETRSBRAROBRALETIX
HHHDOD, GHOT—F ORAERIZL D, 'H-MRS 3 E24%
BRI OHEREZWT - PHRTHEICB VTl 2 REL 25T
REMEZ DTV 5.

EREREHEE S1B1lS

(2011 : 11)

10)

X W

Tallan HH, Moore S, Stein WH. N-Acetyl-L-aspartic acid
in brain. J Biol Chem 1956;219:257-264.

Bates TE, Strangward M, Keelan ], et al. Inhibition of N-
acetylaspartate production: implications for 1H-MRS
studies in vivo. Neuroreport 1996;7:1397-1400.

Igarashi H, Kwee IL, Nakada T, et al. 1H magnetic reso-
nance spectroscopic imaging of permanent focal cerebral
ischemia in rat: longitudinal metabolic changes in
ischemic core and rim. Brain Res 2001;907:208-221.

Munoz Maniega S, Cvoro V, et al. Changes in NAA and
lactate following ischemic stroke: a serial MR spectro-
scopic imaging study. Neurology 2008;71:1993-1999.
Memezawa H, Smith ML, Siesjo BK. Penumbral tissues
salvaged by reperfusion following middle cerebral artery
occlusion in rats. Stroke 1992;23:552-559.

Baron JC. How healthy is the acutely reperfused
ischemic penumbra? Cerebrovasc Dis 2005;20(Suppl 2):25-
31.

Rutgers DR, van Osch M], Kappelle L], et al. Cerebral
hemodynamics and metabolism in patients with sympto-
matic occlusion of the internal carotid artery. Stroke
2003;34:648-652.

Lythgoe D, Simmons A, Pereira A, et al. Magnetic reso-
nance markers of ischaemia: their correlation with vaso-
dilatory reserve in patients with carotid artery stenosis
and occlusion. ] Neurol Neurosurg Psychiatry 2001;71:58-
62.

Rutgers DR, Klijn C]J, Kappelle L], et al. Cerebral meta-
bolic changes in patients with a symptomatic occlusion of
the internal carotid artery: a longitudinal 1H magnetic
resonance spectroscopy study. J] Magn Reson Imaging
2000;11:279-286.

Franke C, Brinker G, Pillekamp F, et al. Probability of
Metabolic Tissue Recovery After Thrombolytic Treat-
ment of Experimental Stroke: A Magnetic Resonance
Spectroscopic Imaging Study in Rat Brain. J cereb blood
flow metab 2000;20:583-591.



Tissue Clock Measurement Device & L T® MRS 51 : 1181

Abstract
Proton magnetic resonance spectroscopy as a time clock measurement device in cerebral ischemia

Hironaka Igarashi, M.D., Ph.D.
Center for Integrated Human Brain Science, Brain Research Institute, University of Niigata

Proton magnetic resonance spectroscopy (‘H-MRS) non-invasively provides in vivo biochemical information
on tissue metabolites. In acute stage of cerebral ischemia, N-acetyl aspartate (NAA), one of '"H-MRS observable
metabolite, declines gradually reflecting energy impairment due to oxygen depletion. In our study, decline of
NAA in ischemic core linearly correlated with the time from the onset of ischemia. Therefore NAA can be utilized
to time clock biomarker for the acute stage cerebral ischemia.

(Clin Neurol 2011;51:1178-1181)
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