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Although NMR-CT has been used extensively in the clinical field, there are only a

few basic report on the analysis of relaxation times in the biological tissues relating to

NMR images. Therefore, we measured the proton relaxation times in normal and
pathological states of rat central nervous system (CNS) using two different magnetic
fields in order to clarify the relaxation mechanism. Moreover, we examined the specificity
of biological tissues with comparing the data of standard solution of Mn-EDTA and
albumin measured by the same techniques. NMR measurements were made on with two
different apparatus, PC-20 NMR analyzer (‘H: 20 MHz, Bruker, West Germany) and
PFT-100 NMR spectrometer (\H: 100 MHz, JEOL, Tokyo). 7% and 7% were measured
by the inversion recovery method and the CPMG method respectively. These measure-
ments were carried out at 40°C (PC-20) and at 24°C (PFT-100). Water content was
measured by wet/dry method after NMR measurements.

T: and T values of standard solutions were shown to be the good correlation to
their concentration by two apparatus. In the CNS, 7 and 7% values differed depending
on each anatomical sites. 71 values in various anatomical sites of CNS (cerebral gray

matter, white matter, cerebellum, pons and spinal cord) showed the field dependence
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between two magnetic fields (20 and 100 MHz), but 7% values did not show the field

dependence. Changes of 7: in CNS showed the good correlation to water content in

both normal and pathological conditions.

T in various regions of normal CNS had

showed no correlation to water content. 7% in various regions of the pathological

CNS prolonged from their normal values correlating to their water content.
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NMR-CT DFRIGHA R, RERDBEBRZE
EFETIIED I inds o T fEEIETAL O #i o M
DK THERABONDL X oIl sie, Lk
LD NIcEBOERMT T — % 0Ty
CiThhTWwb EIXEWEEL, AEERRREHERM
B (To EREHEFIRERD (7)) wouwTix, 4%
7% in vitro & B0 CEROMELNLETHS.
FLFEIXWER D D B 9 % B2 NMR spectrometer
(PFT-100, 'H F:IBFHUE% 100MHz, JEOL, 3
) & VTR & Te PR R B O TR BB AT 21T -
TRIHT®, SENE X biz 20 MHz OB FE
#®» PC-20 NMR analyzer (Bruker, PaJR) %
TR O H EFREBIES 175
zEEli.

PC-20 NMR analyzer 1%, %€, B&mLMmiE
TR CREFIR R BB BIE T 5 7o DIt AL
LBRTRISLDTH B, EMERHIE~NDIEA
XabhTnish ot b LREER AFERKD
Ty, T, PECIEHTES 7o b, MRERIRRE
DEBHIMENIEL BRCTLHETHS. £
TAFERTIE, EF PC-20 S HMFHEIC 2 B
DEH B EEHESRUR & AR R VW TRE Lc b
T, AR o AL FIREFIRER A PC-20 (20
MHz) & PET-100 (100MHz) &1 X - T 2D
B s AERCHEL, BEBREEEHRR L
FRERRE BEER L T WA BE
L, SRR OB OBRIC O WLWTEELY NS
HT EEL.

2 R %

HPEE R v 85 fcdic, ¥ TEERKY, R\
TF o FARREEEGRE A CHAlIEORGEL
7z,

1. EEEERA: THEESA v Ths
Mn®* % &1 Mn-EDTA DOREERFIW (0.125,
0.25, 0.5, 1, 2, 4, 8mM) &, bovine serum
albumin ¥ (5, 7.5, 10, 15, 20v/w %) »E
#RBThHs, AEHIE % 0.5m] ZELE 10mm
O NMR RRHEF I AR EH L CRIERfE L,

2. FRRPREAEAR : (AEEHY 250g © Wistar rat
WREENZ L L. WBHIIERT » + 5 B%
v, BEERFED 18 B2, triethyl tin (TET)
1mg/kg % # HEREARS L CHECAH ik
EEEREEYEE LD, BE%R3IAENL7HE
Db OEPECH L.

F o MIRVF FAE R = 30mg/kg D WEE
MG CRRE R, BLmKisE L, B FR
FIBEMEE T K% &/, B, KBS
LDILEBEEEBELICHEE L, FRIXEEC
laminectomy %17 - CTHH L, L L FEHEFRIC
ate. WIER SR 6 [T R T
B5. FEHABIEA K 200mg DBEETH D,
B fa B Sl BB B LT, EDICHE
Iz L7,

3 NMR #lzE

BRI R LT » P RIBEILR L A i
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DT ODHEBET Ty, Tn ZRE L., BEHX
PC-20 © & THRIFE L.

1. JAIE Pulse NMR: PC-20 1 Oscilloscope
% PE L, signal intensity, phase, 90° pulse,
180° pulse % L7z, X HIT transient recorder
WERLTT -2 0B EHLLRFEAMELD L
i, Tk Ty A ROM © application program
124 %5 inversion recovery ¥ (IR ¥5) % H
WTHEE L, ZhidfE 4« 0 12T 8 KD FID
#HIE L, regression I X VIEE L THENKD DL
B X5kl >TWw5b, Ttk T» H ROM D
application program @ Carr-Purcell-Meiboom-
Gill pulse &% (CPMG ¥) IZ X -7z, Zhik 100
pulse ® CPMG pulse RFI% A5 7%, FEEIIL
ZD 5% 10 pulse & & D 10 D regression I X
DEELT\5A, CPMG D 180°-7-180° pulse
MRz 2 2 h o Ak Z &1 =100 usec~10
msec DEZFEMICHR L CREO c [HEHREL
7. probe PIREEIL 40°C iefRichTH D, Th,
T, 3EREL 4 BME LT - 7.

2. &4 f#BE NMR spectrometer : PFT-100
NMR spectrometer & {EFH L7z, AEEIC X 5 H
EFEIFERO LBV TH DY, Tk IRERH
WA DR r T3 RMEL, T.ik CPMG
HIe XD 80 RORER T-7c. AERER (24
°C) THifT L1,

4 Koy EEE
RPN NMR BB 7o 7 HIc ERAE R 1T

STk, 100°C 3 BME®RI €T, RREREKC
X D IKRGEZRDID,

5 # R

1. EEFRKOPERE: Mo-EDTA BE &
T, D% Ry (relaxation rate) OEERA X 11T
R L7, PC-20, PFT-100 D\~ F D EE % F

R, O 20 MHz
A 100 MHz
30
o
20
10
a
0E—— T T
1 2 4 8 mM
Mn-EDTA

Bl 1 Longitudinal relaxation rate (Ri)
versus various concentration of Mn-
EDTA solution at 20 MHz and 100
MHz.

o 20 MHz
A 100 MHz

40

0 —T T T
1 2 4 8 mM
Mn-EDTA

Bl 2 Transverse relaxation rate (R)
versus various concentration of Mn-
EDTA solution at 20 MHz and 100
MHz.

Th, R &BRE L TEROHEBEBEFREZ R L.
R: DBAIRABETH -7 (M2), 7TAr73IvE
WOWE L R, T13, WMEELCER A
FERLE (K3) A, R & OBFRTERS
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O 20MHz
R, A 100MHz
1.4+
1 °
0.6
0.21
5 7.5 10 15 20%

bovine serum albumin

Bl 3 R; versus various concentration of
bovine serum albumin solution at 20
MHz and 100 MHz.

fehotc (K4).

2. HRRRPRRERR AL AR TR & AR &

i) XHBEE: PC-20, PET-100 O A7 FIHEFIRE
Ml (T, To) ERDEXELCRLE, FHHF0
T Tk, KEBE®D PC-20 DfEA 450.0+19.5
msec TH HDOX L, PFT-100 Ti¥ 1188.9+
25.3msec & PET-100 @ J7 23 fEAAK E D o 7z,
BB TD Ti1% PC-20 T 408.6+8.3msec, PFT-
100 T 1109.3+29.9msec & K EH'E & AT
PFT-100 CAE/nfExR Lic. KAHB, HABL

O 20MHz
R, A 100MHz
7 A
51 A/
3 /A/o/
A
s o/
—
11 o—"°

5 7.5 10 15 20%
bovine serum albumin

4 R, versus various concentration of
bovine serum albumin solution at 20
MHz and 100 MHz.

L OoDEBTHE LY T HCITIE-& b Lk
ENAb R, O X B T DBk
K1ILADLND X 5 MO TLRDE .

D5 BIEHE T TR O T (80 £k
PC-20 @iz 5 7 PFT-100 X v d K& h o 1
E1). chedL T ik Vi &bhic kb
RO EDEN S D NT, KAE, BE, D
4, D T 13 PC-20 T 74~82msec XRT D
R L, PFT-100 Ttk 73~77msec & 12IEFA U
IO EERLTCWS (F1). BEO T 1o

% 1 Ti, T: and water content in normal central nervous system at 20 MHz and 100 MHz.

In the spinal cord, T was demonstrated to be separated into two components, slow and
fast ones, by the PFT-100 NMR spectrometer. (T, T:: msec, n=5)

100 MHz 20 MHz
T T Th T, % H,0
Gray matter 1188.9+25.3 74.4+1.6 450.0+£19.5 82.9%+1.7 80.2+0.1
White matter 1109.3£29.9 73.6%1.6 408.6+8.3 78.8+1.1 77.8+0.3
Cerebellum 1128.1£33.0 73.7£1.5 383.4+16.1 78.6+3.1 79.1£0.2
Pons 998.0+22.1 77.9+£1.7 319.7%21.0 74.8+3.4 74.4%0.3
Upper spinal 998.0429.4 105.6+8.5 280.8+15.4 79.41+4.6 70.4%0.4
cord 39.3+3.8
Lower spinal 1006.8+22.8 113.1+12.3 294.6+13.3 81.2+7.2 71.1£0.5
cord 41.0+£4.7
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Bl 5 R: versus water content in central
nervous system of TET intoxication
at 20 MHz.

The values of normal central nerv-
ous system are shown by the large
circles and the squares. Grayish circle
and the square show the gray matter
and the pons respectively, the open
circle and the square show the white
matter and the spinal cord respec-

tively.
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B 6 R» versus water content in central
nervous system of TET intoxication
at 20 MHz.

The meaning of the large circles
and the squares is the same as those
in Fig. 5.

}?: % LR i S i

AL E BT b, PET-100 TIZ RS & B
D 2T, TOBCESNER LK. L
2L PC-20 Tl T fEOEBEIL 1D & LTA
BINBETR T 200D 2y LTk o
7z,

KOBITAC X D Ric>Tw5b, RADKS
EERIT LIEED 70.4+0.4% TH H, ‘KT
JKEBE D 80.24+0.1% TH -7z, T OIEBLLBIKS
BEOEC I AL AERRE O T [HEoZ kit
BBEGARD DR (FE1).

ii) TET intoxication & : PC-20 Ic T& AL
PRI 2 J%E LTy, TET intoxication @i
B> THEBES, BEOEENE WIBHHSHEE
T T, T DIERNAD R, KOBEOHEMAHRD
nic. REE, MNTiR, T, T, KoEdtic
BRI E A ER DRk o7, BRI &Ko
BLDF2xDBERIGE RS0, Elhoib
Nk > T/ NME B T, FEALHID Ry, Ry &
KABEORABRER S, 6 1R LTz, KoEOBEIMT
PEoT R BA (Ty ERE) L, R &EKGE
L OB, HMAEH, BEOBRECHIHLLTE
BRTHB (M5). R EKDEDOBIFRTIEIR @
BA LT R - Tz, TET intoxication DR
RS KA BEOHIMCHE > THEX &L (K
BEE, B3, T © R LB Lic (T, NIE

FBLE) A, Thbo R, OWAIREAC X v E

MNEI D10, HURNOFTHEEEL & Licic-
7= (6).

6 F &=

NMR DOEZEBEA~D &A%, H RN &
H % %P /¢ £ @ spectrum analysis"™'" 230 &
o T\ D, TedTh AR 'H AR
NMR OBE%EHAOKRFIOH F £ Th b 7o A
b, REICIXFESTHET I T n, 83k, FA
Y 100MHz OE 5 #AE NMR % 8\ CEREH
MFEHIT > THRiepy, SENLZEEDO NMR-CT I
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AubhTWwsEEORY ((H: 20MHz, 0.5
Tesla) 12 & b, AEHEBOERIRERE D ERic
DOWTHREIMZ D TH S,

HHMERA v TH D Mo & & T BRI E D
TED Mn-EDTA B TIx, R (T4, T2
BHEREC A2 bLLTIRIERI CER E Y, b
CREORBEE(LLERNBEREYRTZ Latb
Mole, TAT73IVEROBEIL, T:IXEE
LIIFTERBEREY R LI s, T. Tk PFT-
100, PC-20 $ticifE & D EHBEFRN bR
fehote, TA73IvD L5 RESTFOWEILE
BECRBICHE->TT VT I vHFOKMDHE
BRI HKOEEGHHINT B T2 & T
B,

EEEHFIREO B E 2 B PC-20 2 A AR
BT H B PREBREOETEFHHIEIX AL 5 5
EWCHRERNTFH I h, £ CHRRMRERO IR
Sl Ty, Th B X OHEBEKEDRIESR PC-20 &
PET-100 ® — O D B BAHHTIT > 1D TH
B, PER, EEBBROMBERFECET 55
B ENMc W, ElLiRT T Ecown
TRARLTA% (®7). Ti1x 20MHz & 100
MHz D" ODRBTE L Bleoffr LTk

1,200
(msec)
T Gray
100MHz
Cerebellum

1,100

o
1,000 -%%’,—{,L""S

300 400 500
Ti 20MHz (msec)

Bl 7 Field dependence of Ti in central
nervous system at 20 MHz and 100
MHz.

D, TV RIWBERERDLZ NS otc. L
2L, 20MHz & 100MHz & T 2« H 5 7 »
v FLTARB (7)) &, AEOELERCITM
Bimabhic, ThiZBho@ETo Ty ED
ez EEECh B2, T OB ELIHBET
FOBEE BT A EIXTRETH A Z EHTRL
TWwb., Thies L T, 0% 41, 20MHz &
100MHz & ic—EDERENAEDhT, T. DS
BEEIZZ D Ried - T,

4B, PR D EAL FIREFN Ry I E T s\
T, WBHEOXVIEEFHMO T: » PFT-100 1<
T2 ERT LW BEREWERNEDL he,
FEDO NMR % A\ e ERPBIEEO B O RT
LTATIE, EESy POABMEBERLHED T,
LIRS TH Y, MFEOFE - HERICH - TH)
BT Ty D 2L E FDE YD D IERE MR
DHR TSSO, SE S FEL O FRFRE T
T 31 TH Y, FHTOR2My LT
CTENEBRTHD, — B E CiL AR o 1
BRESE S FHE KR Lk & Ry B B E)
E5BHKENRDY, ThOAEVICEVGEE TR
BLTWAB Dk, NMR OREFREERESR T
1RADKORBE LTHZ DR TWA EHBE
RTWBSS FEED T, © 2 BHLIL R RS
D 15> THEID oAb O AL e~ ke B 7s
ST KDBEXBELTWA EWS Z LiZiD, &
BROBHRPLETH S, EE, HATIXIHSD
KOFERER DD LEOHEDLDH Y, PRk
R T, OFHRE#HENT 5 _ET% multicomponent
DEZHANDZ LEHEBELLETHAHS.
NMR & F\ BTG, B [Ty
RS BEERBETHY] 2R TER, 40,
PC-20 TH DL W IEE RRHEMAEDO T DFH
EOME Ry &KHE & OBEGREIAMINCHT T
X 8I/R Licas, Ry E KD ENC OBE S ERH
IFEBIBARIC B B Z i b e, FRIRAEAE R
ZEWTE, EEHAMLY (K8), TET intoxica-
tion 1T X A KASEBIMORBOIAL (K5) &
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8 R; versus water content in normal

central nervous system at 20 MHz.

Db b, TTHIKRSEERRETS] & &2
B3I,

AR T3 TV E"E#THD, T
[Eo T, Zbx @i+ 5 &, TET © X 5 7efifakE
EYIFE T T OB KSEOHEIMT T S
LR (Th LRAED) THD, MEMER
BEOBAIIII OBE{N 2 HETH o>, F
e EEMmMERGEEC O T, OELiL 1 HETH -7
2, BALDEFE TET OBA LBt > TWwie®,
P TRFED T 1%, KOBEOBEIMTHE > CIE
ETrb00, FOEEDMLF ML FER
CEEhAESTHWE EABERL) wihpE
BRTHEELLRS, EEXNBRE TET in-
toxication 1B IALY Th BIEDOFERT I h
i, FIREEESO T. EiXksE L —EDBR
HRVWHET, LA T X ZOHFMD 5 W iTE
BE L BB REYF->TWwD (K9) », #
JEAERT % &Ry EW A L CE A BAfR TR
$, HADREEEND—EDOEETENERT S
DTHDH (X6).

AR TIE, BEEEERHR & AR R O AL
2 FIEE 8 % PC-20 (20MHz) & PFF 100 (100
MHz) & Tf7\, PC-20 NMR analyzer DES
BRA~OIEHOB AR L, FRMEFEED
EFRERIRIE O B % b & BRI O Z3Ric >

R
Pons
o
131 ;
Spinal White Cerebellum
o © o

° Gray
o

70 72 74 76 78 80 %H.0
B 9 R: versus water content in normal
central nervous system at 20 MHz.
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