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Magnetic Resonance as a Tool for in Vivo Measurement of
Metabolic Dynamics in Brain
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Abstract

Magnetic Resonance (MR) has a huge potential as a clinical diagnostic tool that has yet to be
developed. As the development of these MR tools progresses, the leading applications should
include the non - invasive monitoring of metabolic - and pharmaco - dynamics within living tissue.

In this paper, I introduce two experimental applications demonstrating these types of in vivo
MR applications. One is the in vivo monitoring of water environmental changes over anti - edema
drug administration in focal ischemic cerebral edema. The other is the magnetic resonance spec -
troscopy (MRS) monitoring of in vivo pharmaco - dynamics of the polyol pathway in diabatic
rats. Based on the directness and non - invasive nature of in vivo MR measurements, we can
expect these methods will be widely adopted for clinical use in the near future.
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Positron Emission Tomography (PET), Single
Photon Emission Computed Tomography (SPECT)
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ZEBETE Y Y TINEADZXLTHD. ZHIZ
XU T, fgXdEnE (Magnetic Resonance: MR) &
BRI & O RSB EEY, 3k
HHSEDMNFEDGETEERERERL T B ET
B EPY, HihRTOHEXEEL, ThEF
FELTHS. BIsA»ro0hl#4E5 42, ThIZ
FOVECZZER»LDEFEBRS ZLICRD,
B2 OBRRICKE D, ZD-D, BEgEEESZ 2 h
SX LML BB H, S b OREOLS % T
KT hEa —7 v b EBFETORKL BHERH
FAEPEADZENABEE 5. BAE, BRIR - A%
CEBWTRIZHOWS T WD MREIERKIZK X
<, RPN AL D, Witdees 75 80,
#HAED, PIEWEELME4#&RE LT tracer
study Z1T9 3 DD 4 DIZ5 T 6N 5. KT
FZh 6D MR HEIEES, MGHEIRE - YR
OEFIZED K S IZBHTE % 5 & HEH & T
BT 5.

MRI % R\ 2K EIREDBIRE -
Multi Parametric MRI (Z K % glycerol @
BRMMERZEICHN T 2ROE=ZU T

1. ¥ LUHW

B, BRIK TR PH I TV 5 MR BEIEE,
Ell% Magnetic Resonance Imaging (MRI) (40 5%
2B B3RO T a b VIFERFOREEIC K D BRI
YA EFITEFETHS. ZORHERD
HEZHEEEZ, HEOEE A5, Zh5OH{%
RITEHEZITH 2 & T, KOkAL LIRREBIZRHL L
7= parameter @ mapping W B TH 5 (multi
parametric MRI). Bll% multi parametric MRI 2 &
D RARA D ARDIREDZEAL 2 FFTHICEIESR T 5 Z
ENRHRD. AR TR, EHLKEFELR SR
5 RILEREE TV T v NI, PilkZESE
& LTHA &5 glycerol ##% 5.1, ZDH[HET
multi parametric MRI # #2952 Z £ 12 &k 0,
Glycerol DHUAMIFIERH R D ERTIZ & % 22 4 BET
- U7z, Glycerol i3 fxiZMEIZ & % BEZNETUHE % X
FEE, 2O A G =X LIE Glycerol 12 & D ERE
FE & 75 - 7= 107% 1S & 0 RGO K 23 103 PHC A8

1208 #1295 PRK184F (2006) 12 A

THEZEIZHBEHELLNTVBY, BIMMERTE
FEDIGEA, % OFWROEFESKILTRS R =i T
B IEHNRERRIC 5 5 DO h, BOFEIZEHE 300,
B Il & RIS U, SEFIAEE U wIRE8IC
» B REIMAARRIC 5 2 DI 6 Tid i b,

2. HiE
H Wister Rat (300-320g) (Z suture rnodel 2
12 & B KK E IR EIR AN D 2 B RE I % BT L,
B HRE I & YRR, RE MPERGERE A ZRA & 7k 5 RE
MLE R 24 BERA#% 12 glycerol 1g/kg % 2 B TR
HARMICIRS U7z, ZORE5-H11% T multi para-
metric MRI #&8 % f& 17, BLT O map % glycerol
REHIBRTHKR L, ZEMICE ST A —F —D%
L&A L 7=,
1) T1EFR @ B RE % R 3
2) T2 W @ FIZHBEKDOEIA % e 2
3 ) magnetization transfer ratio (MTR) : A K
DEE % )
4) Tlp Kl - BHAKERBAKLEDZRE LK
e 5)
5) ADC : KROWRH 258 & % [BR O
6) RPTHIiEE (rCBF)

3. MR

A E FEIIZ BT, glycerol #5712 T1 1
WHE L, MTRISHEM L 7=, —7, T2 1388 I 7 8k
DATHEBEIZEHW L /2. rCBF X IEHMEK THERE
IZHEIN L 7223, MEEFER TIEEBR SNk h -
7z. Tlp ¥ & U° ADC iZ glycerol # 5-#ij#% &1L
MRENEP-72 (F1).

4. EZR

glycerol iZ IEF ¥ & O EMIRICVED, K&
KEZET EEIRRBEL N2, ORI
REEZIHRICT K 0 BHEKE X 0 g Ici
FXB5ZLICXBEDTHIEHZLIEN- £
7=, R UL oG v OO REU i E K ARSI LT
572012, TOMRNEFEHIZE S EEL O iz
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#F 1 Glycerol 541

1. Ti1ER
HEKEE RBR
2. T2E:M
EICBEHKOBAEERB
3. magnetization transfer ratio (MTR)
BEKOBEE R
4. T1pHEM
EHKEESKEDZBBE B
5. trace ADC
K DR B Z 4 B

6. RiMER (rCBF)

Vr{t&maERWE L —Y —8ir
YRR Z v MIH T B8A polyol #Fi&
forward flux DJCE

. Be:b J:UEEI'J

;CDJET a5 L, TOKNEREE MR
%J%Lsfdﬂh‘é%&%T@“. MR i 1 HLSH
12 3P, F, BN, BC A ED AV Y B&EE/2 T
b B EH LIALAIO 2 L (mag - netic
resonance spectoroscopy: MRS), & % M35 A
ZX — 3 (magnetic resonance spectroscopic imag -
ing: MRSI) OPIEATIEETH 5. FFIZ 9F RRE
FINATH 5 13C ’?’ 15N B E O T back -
ground 2MEW/=9 112, ZThoDET &AL
AR -TQ%T% Z T, KEHEReDED
R TH 5. KUK TEHERKET v MIT 3-
fluoro - 3 - deoxy - D - glucose (3-FDG) ##5-
L, polyol fCHRERE D ITHE & MFE U 7201 %% % 1
55 7. FERWYE neuropathy DJEK & LT, v
I & P F5 KON BE D Ffe 9 _E H-12 & % polyol
RBTTHEDFE R & LT D sorbitol ZFED 2 DD A
HEZXLWBEZENTNDEH, & ILEH PET

EfFATY — L & LTD MR 665

#51F % MRI parameter DZEAL

Jemm#AR Hednch.OER He i E 2 AR
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T 1 T

CEBEBEOBRBICHLH I N TS 2 - fluoro -
2 -deoxy - D - glucose (2FDG) 1Z}b# L T hex -
okinase I DKy 3FDG # A KIZE S5 L 3-
fluoro - 3 - deoxy - D - sorbitol (3FDSL) ¥ & O°
3 - fluoro - 3 - deoxy - DvFructose (3FDF) -\ ®D
Ri#tZ MR CEMT5Z LIk EIETEETS
5.

2. H&

Mt Wister Rat iZ streptozotocin (STZ) % # 5
L, $&R%® 7 v b Z2fER, 14 H#IZ 3FDG %
500mg BFAFIRIE S L, 5% 15 58I rnagnetlc
resonance spectroscopy (MRS) # fifT Uiz
i+ % 3FDG, 3FDSL, 3FDF ® 2 X% bILE & *a
TV, 320{LaMDOREZELZHIE, ZO0OHR
& 0 three compartment model % FH 7= 4T % 47
WV, BAORBPIBORISER #HE L 72, X5
& U CIEH wister rat iIZ RO HIE 21TV,
BT o 7.

3. BR
PRI Z v b2 3Tl Ployol R forward
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BEOMRIIZES IFDGE 3FDFHE{&
Fw MO 7 K B ,“
YF-MRSI
S a0 a0 ade ase
: ppm
C. ki k2 k3 k4

control |0.0034+0.0008 | 0.0014+0.0004 | 0.0060+0.0010 | 0.0764+0.0213
diabetic | 0.0045+0.0005 | 0.0025+0.0013 | 0.0107+0.0027 | 0.0809+0.0109
P < 0.05 N.S. P<0.005 | N.S.

1
DG #5112 polyol #4D three compartment model (a.) #&XE L, 3-FDG 25 & =7 v Mk D E
WX M7z 19F - MRS XX b L OB ZEAL (b.) % 2 model 1IZ2& Tidd 5 Z & 12k D aldose reductase ¥
& U sorbitol dehydrogenase @ forward and reverse flux 28 FEETH 5. FERB 7 v I Tl forward flux D
k5, Bl5 sorbitol 36 & U fructose BEA IR MENT WA Z &2 5. £/, 1> MRS [Ffk, MRSI
& UTARE 27D mapping (d.) TRETH 5.

flux 7% aldose reductase ¥ & UF sorbitol dehydro - o B
genase DH T EH L7z, L2 L reverse flux i
EH rat IZHER UZERERD B h o 7. MR % 72 G - SERIENREAAT 13, BT
W EPBERIDHRE R SN TWEWSEFTH S
4. BE 2, SHREHESE MRDE K, 24 VEDRRICK

PR » b iZH1) % polyol R forward flux BEREA, L — Y —FEAORRBEIEDITIE
DIGHEAE MRARH WA Z & Ick DAk TERL HICCHBHEDOIAVHEETHILELOND.
- 51, ERIGH % FIRIC W = B0 2 Rat 2 &

ENTWWK ZLAFLTIOHEEKZ 20,
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