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We have developed multi-nuclear magnetic resonance method with molecular imaging for the
analysis of neuronal function and regeneration as followings; (1) Neuronal activation imaging by
using manganese-enhanced MRI (MEMRI) which is based on the theory that Mn*" can enter into
neuronal cell in conjunction with Ca™" during the neuronal activation; This method could clearly
demonstrate the neuronal activation of the sensory area in rat and the structure of neuronal fibers in
rat olfactory grove, optic radiation and cortical layers. During the recovery period after experimental
ischemia, the enhanced area by MEMRI corresponded to the GFAP-positive astroglia were observed
in the peripheral region of the ischemic core, indicating the reactive astrogliosis. (2) Magnetic
resonance technique which can visualize antigen-antibody reaction in the brain: The imaging of
macromolecule combined with magnetic resonance sensitive materials (Fe, Gd) could be obtained in
vitro, but it was difficult to apply this method to in vivo study. (3) We have developed 2D-MRS
method on the clinical MRI scanner by using 2D-JPRESS and 2D-COSY methods. Brain
metabolites were detected sensitively by 2D-MRS method. The multi-nuclear MR methods are
useful to examine the brain function and neuronal regeneration non-invasively.



(BEHHAL - 1)

[ERETESN EEESE il
2008 4R 1,500,000 450,000 1,950,000
2009 4R 1,000,000 300,000 1,300,000
2010 fRE 1,000,000 300,000 1,300,000
G
P
% &l 3,600,000 1,050,000 4,550,000

WHFET S - BRI E . « TR R

BHFE OLF - MIH - NESRERIRES: - R
F—U— R BRILEE (MRD, WEERESY 11 A —3 27 Mn-enhanced MRI (MEMRI)
MRRAIIE AR, 2 TR LG A7 hL | g, BEiEbss 7 Ml

1. WH7ERAR YK DT 5

Functional MRI (fMRI)IZfE S b Xk 912,

55 FE B Y5 (NMR) (2 Vb A RE oA it 2 FE R
BRI CEHBARNT T X DR E R H Y | B
R ER OB A s Tng,
L2 L, ZONMRICITEFTEZL 6

DRDHNTEY  RIEASHL LRI
TW5b, FAEE, F< 25 NMR TRt
SRR DRHT 21TV, % O NMR Hik % EH
L., ERDISHBROMEEKT TN D,
— 7 B ORI COMIEDO K X
WAUL, 7 BRI HES, FBLT 5 & L%
7 SOPEH, R 72 E OOy T O L ik
AE & OB D RN > TV D, FRIT, K
WTOD ZbWE OS2 Eifik L
TRNT S 2 1k (A A=Y 7)) OFEA
EREEN TS, HTH, invivo TIHRE
FICEgETE, ZEREINZHT 5 NMR
EOIGHICKRE RPN FELN WS, £
T, Fix 1T EH B O NMR HIEOHINN & i
KPRFHE LT, ffi 2 O NMR HEERES T A A
— VT OEEERE L TCE e, AR Zh
SOFIEEFRE - FERL L, E8i=7207k
HBHIE L C. IMBRRE DA & It B T
~OISH AT 5 WHEEE 2 3L Cle, FRIS,
DOBEERT —~IZEA L THRET TV,
—OlE, MR OFAETTHY ., b O —
O, MRS E & ICx T 5 HE - HEH R
AR BAAR T B S0 R DR B L IR RE TR

RBLOBEEIZSWTTH D, BiIE I LTI,

AR ER A O R LR SR R - O H 72
E O FEHENF T TR IR O B A D3 e 38
NTWD0, 2 E TIRILSERY - AL

WFZECE T, in vivo B SEBRICES L CIdsa &
RENTW W, Ly LA RIBER 5 2R
NMR JMHEEEY 1A A — v ZiE&EIGHTIU
X, B ERKE ORRORS L AEEE 220 |
AR P AEICB LT 2 e BB S B
Do o, “RIERORFRMCB L CiE, flix
DOHUR & MRI JEZHEWE & /S SE7-bd
o, MRS E 2 LD IA E 8 T R
A SO R S A R B SR R SR Y v Bk e
. LK NMR IMHERE 3 A4 A —2 v 7
ETHRHTZEICEY, ZRH001 - 8)
RE D WG ARIT 2N ATHE & 72 0 | S s SRS
FLWEBNERITS EEZ BN,

2. BZEDHM

BARP 7B TE 0 B HIE, fEkBEE L C& 72
fli 2 DZ4%FE NMR it ae sy 1 A —2 0 7
Ea2FERT D &40, #7272 NMR £iE4
BA%E L. B BT T /L CHRvE AL T A A A%
DFREA & o K B ORI~ IS 21T 9
ZETH D, BT, ZNHEIEOBRKRA~DE
FORREMZME Lz, Bl REM T
HBELE LTA) ~ > H o B AR Hh e  14 75
(Mn-enhanced MRI) (ZTLL FD & 5 72 iik
BT A A=V T2l bEEEFERAL
FENT 24T 5 . OB IC X D2 vy Y
LT v VB DITHEAT L 7 AR BT & iR
H3 2 Tk, QRS LU0 Y 7 AR NIZE
DIAEHE, MO RER L UMERE 2 I L 7=
By RREE 5 & HUAS9- 5 £k, ORI eI
X 2 AR N R e D b L — v T ]
RRICT HEE, %S5, ) Ao ik
5 AR RFE OB & O 4EFIT, BT
FHURS S 2R 2720 0@mn 1L Eh



|2 NMR &5 W E % #5 A S 7= Complex
BAZE A ATV, BTN CORF RS e
IEbEEH 72 &) O3 OB b &2 x5, T2,
JHEE T L Tl & e AL RS U X
BRI NMR &2 MW E 2 R SE T, T0H)
&% microimaging CEI%Z37 5, (3) 2 kot MR
A7 br A=z — (MRS) {£% in vivo T
FEHE L. shifsMlass A o7 X /R (NAA,
Glutamate %) 4347 Z & LAHREHIRL O
AEVE - FERVEE T 5,

AWFFEIL, WIEE & 53 F L~V TR T &
% %1% NMR IMEEEE ) 114 A —Y v 7iE%
FAE L. in vivo B B S25R CHRRSHEL AR
AERRE R RO ~OBEMA 2175 2 &
ZHWMET D,

3. WD L

REGHTT3HB O D725, 514,
12 ODNMRIMHERE 0 F A A— T2 T2l
R-FERMEL ., b2 MBS RE O fif B & st
PRFRAT DM I F TE DI HIL,
B IRInbz v B ERET L TOIn
vivo AT ~OHZTTV, B =IE, Zhba kL
VR R O AT REME A RET T D28, Th D,
FIHE & O FFEICET L EMAIRE ATV,
ZHUTHIEREE LU FDOXI7NMR HtERE 5>
FAA=T 7 OFE LB EMEFEER TO
ST - BRFF AT AT S I B PR 25 18~ 0D 3
MERDD, WFIEEEE L TEI ] NMR 258
(4.7T, Biospec, Brucker) &fifiKFH MR %
(1.5T Signa Horizon LX, GE) % HV 7=,

(1) Mn-enhanced MRIZ X2 fibHsRE 7 A A—
DT OERE: O =a—n o8BI TE
UAHYFTATOCE T DAY E AT HMn>
DENREZPE 2.5 T LIS LA A o0 By 23 1
ibans, @ M, 77 kNI
Mn* % B0 3A F8 | MO RE 3 L OWEfE
RO L2 SR 28 51 40 i REMRIE 5 (10pmA-
— =) R T5, @ M EEEREL T, i
SR8 12 D MR PN AR AR ME O SR SR —
T EREICT D,

Q) BEBRLLCUTFOEF ARG,

D JMMZEET L : Wistar rat |2 iME)
FAZE-E 7 /L (Suture model)33 &2 ¥ Pulsinelli
DKM IAFFHE LT T V2 BT 5, i
b, EiB X OEREETV, =a—
2 DOPEBCEBEET D,
©@ MifahEFEET L - ARBHPEARRAEMEE
7L & LT, Triethyl-tin (TET) Img/kg % 7
H e H 2 5- L TP i iR o G2 1k

4

EEEDOI Y U O R R L S R
IR RE 2 ER T 5,

@ ZhLEEHWTET LOFFREMmEI NG
AR AT CHERIIIZ . A% NMR i
HERESY A A —2 0 7 T O fe
1. AR R 2 Rt 5.
(3) 2 &It MRS {EDAE K H O I 2 ]
JCHEBS MRS #E£2FE ML T, kD MRS T
XA A[HETH DT 2/ (Glutamine, Taurine
L)V T T IBRIZEE A )V V) RO
Sy FRBEAR O % ATREIZ 375,
4) FEEROBKIEEE G NMRES
PEWE LBy T EORE AR OB B IO
Z O #BA,
O PUREFEFEEE D F 451 K& O)CD3, TCRy,87%
EDOHURENMRIESZ R (Mn*!, Fe¥', Gd*
M) LOFEA (R Hfliz 5235, @ T,
REIR AR . NKAHIE 72 & o il R im &2
BNMREAZ ARG L O FUR LI A %5
R EREMRITC AL 3 DT & Se sl S 5,
@ EBHIT, RE I NMRIEZ WS % 7
BEE T, BN A~ ABM O [H ¥ I 5
(CSAIM) &SRS, Z DG G % 1 & 4y ff hE
MRICHR 75 2 & 30 JE 55 A A At S B i
VBT Do oD /34 LB REZ-in vivo T
BT 2 HEEENLT 5, 2T, JEBO K
B & OB COIREH RO RIRRH E %
AIRE7R D LD HIEDOMENLE HEE T,

4. WFFERE

WIAERE 1L 2 S0 NMR RHERE Sy A A
— UV T OB EITO, Hi< 2, 3 FEITE)
Wy Ik & B IRISH FTREME O RRET 2 1T - 72,
(1)~ > o HE s S S IR ) (2 V5 12 X B ki
BES A A—T 0 7 OB% © KR EEMn %
B 5 U CEPICHE{E{LT 5 H1% (Mn-enhanced
MRI (MEMRI) K ("Dynamic activity-induced
manganese dependent (DAIM-MRI) % B% L 7=,
T DOFFIEIE, AR 0D 45 0O 17 ) 2 i
b T 2N TIETHD, ZhE, Ty
MM - 7 V3@ A LT, R i e B JE BH o
bR O FTEME D BV OFRET 2TV, AT
PEFEI OHEIH N ONED Z L ERFTL
7o FOFER. DMEMRITIR & 415 HE L5 B
& YRR G SO M R TR S LD
HEL & ITHHEDY S D MEMRIAS L U IEfEIC
R TR T RO LN (K1),

X



MEMRI

a
I
7 v b HRBMBIRRS B % O MRI

(MEMRI (#%5iE%) . DWI (%K 90 43%))
(Aoki I, et al. Magn Reson Med 2003, 50:7-12)

DWW

1.

i P B oD RTEAME LB L Ti. MEMRI, 41
BomRFHm g, IR & OGO TH
FTAOMERNH L RSN, £, 4
BET LB LOMELETT /LT, MREEIC
BAfR L T gliosis DFEE S MEMRI (2 THE 5@
FEZAL TR AL, astroglia DS FRSGHLFRIETE
WCRKRELSBEELTWDZ ERRD LN,

"
-
HE (X 2}

GEAP§X 1)

2. 7 v MMEM#%MCAO) 11 H, MEMRI T
astrogliosis D 5 HITRNFED H AL 5 (Kawai Y. et al.
Neuroimage. 2010 , 49:3122-31)

Z DA, MEMRICIIA AR, 77U 7 RN
[EMn* & B0 IA FHCfE SR 28 (b & i S8
HZEIZEVHIIE O R ds L O RE 2 T 2 I

W32 5 oy IR BEMRIFE 23 MG DT,

3. MEMRI (2 X % B & ki1
R OEHENARIZEED L5 (Aoki L et al.
Neurolmage. 2004, 22:1046-59)

(2) MRS MW E % & ST @5+ OB
& T OMREAL : E5FRY ~—&Mn*' R
Fe*' & MemulsionZ {ERL L, % ?Din vitro MRI

B ARG L C, BRRREERE (T1,T2) oZ&fbs
g L E e Uiz, T1,T2 ICEERFNE
DFEFNRFRHIZAL & IR ZEALDGRO b vz, Z
DR Z T, G TR BRI T 5
U U RERICMRIEZ MEME 2 /i S 2 Jauf
HEMBAR 21T o 72, LU, FrEsa e pkae
Zk L CMREZMEME 23615 2 L13H8
R CIEREETH Y | 5% OMFER-EE LT
i,
(3) 2 WIENMRIEDER~DMEH : (KT
VR RO IR 2> & FEAPE IR EE & ST
72 2 TFAREIMRS (2D JPRESS, 2D L-COSY)
ZIXIUHTHREE LT, LRSS
WeshZEiE (3.0T) T Z1T o7, T ORER.
WH OMRS CIEAARETH » = W'E
( glutamine/glutamate, glutathione, GABA,
Threonine %) NRH CTE 7=, 5%, AHiE
(2 K 2 AR > & 0 B8 455 ks o0 Fe ek i
[ FR DO fRAT, A FENNEERE 1 B L 7o
WE OEALDFNT, BROWFEMHT, F~0
TS A~O FREMEN BT 72,

:
4.4 4.0 3.6 3.2 2.8 2.4 2.0 I
F2 (ppm)

|
|
|
| [ 4. & MM (AL 0 2D-MRS (L-COSY)
| (Thomas MA, Naruse S et al: NMR Biomed,
12003, 16: 245-251)
(4) K51 % tracer & 3 2 FE( AN i 7E i 442
VK2 bR oD i 35 7 BH 8 & o ek i (=] 48
L OBEORE ¢ 7 v MNNE I FEET v
Z T, MR T sk & Ky F R BUR T fE
EORIEOEN & AN L D ORER
Gt Uc, £ ORER, MRIRT & SEdE
THEIE & O mismatch FEIR CHYIRESEYIC K
L FTEBYE DR A2 788 DGR IF BT,
PLED#EG & L, Mn-enhanced MRI (34
R e A DR FRATIE & L CENM B T
IX—EDBHMPER TE 72, BRI H~IX



Mn DFEMEZ W 2 M2 KfFE L TF
D, SHOMBEOMBEE LK, £,
2 kIt MRS FAT OIS b BRI 23 AT RE
o7, SER D in vivo DEIBAKICE L Tix
R D BABSBETH T,

5. EMRFERIRLE
CesEamsa G 12 4F)

(D Morisaki S, Kawai Y, Umeda M, Tanaka C,
etal. (11 A, 93 H) : In Vivo Assessment of
Peripheral Nerve Regeneration by Diffusion
Tensor Imaging. J Magn Reson Imag, &t
£, 33,2011, 535-542.

@ Kawai Y, Aoki I, Umeda M, Higuchi T,
Tanaka C, et al. (8 A, 8% H) : In vivo
visualization of reactive gliosis using

manganese-enhanced magnetic resonance

imaging. Neurolmage. ##if, 49, 2010,
3122-3131

(® Maeda K, Yamamoto H, Umeda M, Tanaka C,
etal. (6 A, 5%&H) : Neural correlates of
color-selective metacontrast in human early
retinotopic areas. J Neurophysiol, 7%t 4,
104, 2010, 2291-2301.

@ RBRERZ, FHEF, WEawf, EmER
Z, B, il (12 AL 12 &H)
Diffusion-Weighted Line-Scan Echo
-Planar Spectroscopic ImaginglZ X % X%
PEBGH OREEEA) F B ARSI E
MERE. ARCA. 30, 2010,36-38

® BGE —  ZMEDGEA RN & D DITAR
249> ? Clinical Neuroscience, 7t 7t M, 27,
2009, 110-111

® Inoue Y, Aoki I, Mori Kawai Y, Ebisu T,
Tanaka C, etal. (10 A, 10 H) : Detection
of necrotic neural response in super-acute
cerebral ischemia using activity-induced
manganese-enhanced (AIM) MRI. NMR in
Biomedicine ##cA, 23: 2009, 304-312

(@ Shimizu Y, Umeda M, Aoki I, Higuchi T,
Tanaka C. et al. (6 A, 6 %% H) : Neuronal
response to Shepard's tones. An auditory
fMRI study using multifractal analysis. Brain
Res. ##f 1186: 2008, 113-126

Kimura K, Watanabe Y, Umeda M, Arima Y,
Watsuji Y, Tanaka C, etal. (7 A, 7%&H) :
Quantitative analysis of the relation between
soft tissue stiffness palpated from the body

surface and tissue hemodynamics in the

human forearm. Physiological Measurement,
AHiA, 28, 2008, 1495-1505

(K] (G20 1)

) Naruse S: Our Historical Experience in

the Application of MRS in the Field of

Neurological Diseases. 2010 Annual Meeting of

Chinese Medical Association-Taipei, 2010.6.27,

Taipei Veterans General Hospital, Taipei, Taiwan

@ Kawai Y, Umeda M, Naruse S , Higuchi T,
Tanaka C, et al.: Detection of Brain Activity
During Chronic Pain Using Activity-Induced
Manganese -Enhanced MRI in the Rat. 18th
Annual Meeting of International Society for
Magnetic Resonance in Medicine (ISMRM),
2010.5.1-7, Stockholm, Sweden

@ Bito Y, Hirata K, Ebisu T, Kawai Y, Tanaka
C, et al.: Correction of Eddy Currents for

Blipped-phase
-encoding Echo-planar Spectroscopic
Imaging. 18th Annual Meeting of ISMRM,
2010.5.1-7, Stockholm, Sweden.

@ Bito Y, Hirata K, Ebisu T, Tanaka C, Kawai
Y, et al.. Water Suppression for Diffusion

Time-domain-interleaved

-Weighted Line-Scan Echo-Planar Spectro
-scopic Imaging. 18th Annual Meeting of
ISMRM, 2010.5.1-7, Stockholm, Sweden.

® Bito Y, Hirata K, Ebisu T, Tanaka C, Kawai
Y, et al.: Motion Artifact Reduction Using
Bipolar Diffusion Gradients in Diffusion
-Weighted Echo-Planar Spectroscopic
Imaging. 18th Annual Meeting of ISMRM,
2010.5.1-7, Stockholm, Sweden.

® Kawai Y, Yasuda Y, Tateishi N, Umeda M,
Naruse S, Fujita S, Tanaka C, et al : Detection
of signal enhancement in the hippocampus
after transient Forebrain ischemia using
manganese-enhanced MRI. World Molecular
Imaging Congress, 0718A, 2010.9.8-11,
Kyoto, Japan.

(@ Bito Y, Hirata K, Kawai Y, Umeda M, Tanaka
C, et al.: Diffusion-Weighted Line-Scan
Echo-Planar  Spectroscopic Imaging for
Improved Accuracy in Metabolite Diffusion
Imaging. 17" Annual Meeting of ISMRM,
2009.4.21, Honolulu, USA

Watanabe Y, Kimura K, Tanaka C, Umeda M,

Dynamic DTI During Muscle

Contraction by Electrical Stimulation. 17"

et al:



Annual Meeting of ISMRM, 2009.4.20,
Honolulu, USA

© Bito Y, Sirai T, Hirata S, Umeda M, Tanaka C,
et al.: Parallel Line-scan Echo-planar
Spectroscopic Imaging. 17" Annual Meeting
of ISMRM, 2009.4.23, Honolulu, USA

Watanabe Y, Umeda M, Tanaka C, et al. :A
new imaging of muscle deformation applied
electrical ~stimulation using MRI. 36th
International Congress of Physiological
Sciences. 2009.7.29, Kyoto, Japan

@ Kimura K, Watanabe Y, Umeda M, Tanaka C,
et al.: Diffusion-Weighted Line-Scan Echo
-Planar Spectroscopic Imaging for Improved
Accuracy in Metabolite Diffusion Imaging.
36th International Congress of Physiological
Sciences. 2009.7.29, Kyoto, Japan

@ Kawai Y, Umeda M, Watanabe Y, Higuchi T,
Tanaka C: Glial tissue imaging at ischemic
legion by MEMRI using manganese oral
administration. 16" Annual Meeting of
ISMRM, 2008.5.15, Toronto, Canada

(XE) Gr1 )
O G, BRI | Al S MR
TX T s A PNIGE T, R
(BfE) IR EE - /LT~ KT v 7,
%5 38 MR FMEE s L COMRI —
IEH ] 2007, 18-27, #8 1192 EH

6. WFIERER
(1) BFZe s

R B (NARUSE SHOJI)

TR NLERNR S - EAEERL - HEHER
WFEE &5 - 50106407

(2) WZe sy

ikl [ (NISHIMURA TSUNEHIKO)
TR SEERNR S - AR - B
e &5 70237733

M s (TANAKA CHUZO)

IR ERER KT - EFHEMNEE S #
— - iz

WHEF 80163541




