PR T YV MRI Z 072 v b PSRRI GO

A A=V
BIBF IEM L, WA EAKEL ARDf %2 LU RE!

TR UK BE R R DT FERHES F AR T o3l e

FL&®IC

IMPIETER AT A RO S T Lk, fREIHIE
MOATIIE LN CEMROYESRY, A
7GR A REE T 5 L DT, MEEREDOIF TR
BEOFMCEETHB. £ T, MRI %\
TEBEBERSMAERDDLRAADBEO P IN T
% . PCAHEROZEAL D, HERINE O B A6 &
PIETEBHRY, TOIETRDIZBIRSAGH»
LEBRGAZHT LTIV T AANRE S
NTW5BHY. FIF BT B A RIS & FI N
L CERERICKF L RERTFE S, HE
R KL 7cEGR EB 5 HEbHES T
5D KR TiE, ADC OE VRS & D
&P SEMHBEOEERT VIV EFTHET 5

HERREL, T v P RMOBEBERT YV )VE
BRatBEL 7.
vl *E

MO ERYNEEER o 13, MR OE
%;‘K Oext 33 & Uﬁt%ﬂ:v ext D, (k@itﬂ: £0
HETE S,

2VextOext

= gy e (1)

AN W DBEHR gext & H OIEBREL Dext D
BAfRIT, HREIEHTEEIOHD G VB LT
Stokes-Einstein O 56, RO X HICRDE

MR NCS e FEe o S e

ns.

J_@N rvg®N

O"FE 6y kT

7272l JITRIREE, EXERARE, ¢34
TVOEM, mBIO 3Ky FBIUA T
v @ Stokes £, NidA XV OEE, ki
Boltzmann ¥, TIZRETH 5. Mlask
ORI % Bffi{b L CAEEAEK (0.15M NaCl)
CHELWERET S L, &EBUT r/ri=0.76,
q=1.6x10"19C, N=2.0x10%m 3, kT=4.1X%
1021 ] CchEz2 b5,

A — I I PR B D 5270 B R DL
G BRER X h, bfactor & E{EODE 5@
S(0) DRARIFRDOATEINAY.

%: ffast eXp(—bDfast)

+ (1 —ftast) €xp ( — bDsiow )

C Z C Drst 13 ADC O\ 4, Detow 1322
W ERFIEN,  frast, folow (BB OEE TH
B HOR BV OESRICO W T E L
FRIRPTENL L Co7e s, o OERES R
5, BULBE AR ICER L, BUVRS
MREARICER T S EEZ LN TWBD. Hifg
SR DOIREL R B Fs L O AR EEIE, ADC O
BABLUZOEGICHELWERET S E, M
FROEDERERIIKOANHRDOONS.

*+—rJ)— K diffusion tensor MRI, conductivity, rat brain

45



HREEREE 55242 15 (2004)

_ 2f1ast X 9.5 X 107 X Dast
S_ﬁast

M52 13 Varian 4.7T MRI #5884 F VW T4T -
72. KB¥IZ coronal J51A C/E X 2mm DA A
AHFHEL, spin echo ¥ —47 VA% FHWT,
TR=1500 ms, TE =80 ms T4 #llE L 7-.
MPG % FF RSV A D RIS, 6=30ms, 4
=35ms THIfnL 7=. MPG ©Jj[Aik Fig. 1(a)
IZ/R9 6 HEZExE L 72. FOV=32x32mm,
matrix =64 x 64 TH 1, RO M5 fERE L
500 um TH 5. ERIESIE G=0, 2.73, 3.86,
4.73 Gauss/cm O 4 BeREICHIINL 7243, D4
= b factor {Z b=0, 1200, 2400, 3600 s/mm?2
ke h. SMOMAERITY, BE5NMEAYH
FL. BEBIIAF 19 BIE L, BERER
243 5T - 7=. b factor 1% 4 B D ZITZEAL
SH72DT, ADC DL S DR HEICE, KX
(GRS 5 2 (AU AE: v AV AL W DR i )]
MPG O &S RICH 2 8BHELZFHL, 6
ICHERT VIV OIS LU mean  conduc-
tivity (MC), fractional anisotropy (FA) #%:t&
L7

] R

Fig. 1(c), (d)ic, IEMMEGIZB T 5
SR, ANREL LUMRICHEL /2
2% 2x2mm3 @ region of interest (ROI) DO
TREFEFH L. BEMRTER 6T,
B DU LDy % D Z LRSI M.
KM BIZ AN TR O S DT P K E G
FWEORFEAER L. Dus B HEIZOWT
S LA, KINBE LR IC > TehZ
5.7x107*mm?/s 35 XU 6.3x10"*mm?/s
THo 72 FI frast T AT OWTFEH L /fHE
13 0.55 B8 LT 0.58 ThH- 7z

Fig. 212, &K AD MPGIZOWTEHHEL -

corpus callosum

In(signal)
5
T

> @O0
OO
[AFN =

N
o
T
RO»
(2]
3

1 1 1
1200 2400 3600
b factor (s/mmg)

o

(d) osf

In(signal)
5
T

1 1 1
0 1200 2400 3600
b factor (s/mmg)

Fig. 1. (a) Directions of motion probing
gradients (MPGs). (b) Regions of interest
(ROIs) in the right somatosensory cortex and
the corpus callosum. (c) Signal attenuation in
the cortex. (d) Signal attenuation in the corpus
callosum.
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Fig. 2. Images of the fast component of the ap-
parent diffusion coefficient (ADC) obtained in
the six MPG directions.
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Fig. 3. Images of the fraction of the fast com-
ponent obtained in the six MPG directions.

LT, fax b D HBREDKFN %R L. Fig.
4(a)/}> (B2, MPG D& RNIC DWW TA(4)
LEtE L /cEEBRO G ffiw . HEMERKT
xéﬁ%ﬂ% CHANTHBEBROMEPAKE L, Fi
HERORTTHELKEDP 7. HEMAMK TR
PRERRME DB L T\ A NS h@GﬁWWé
N2 EIC, ERENPKREWEEZRL /2. Fig.

L BMERA A=V

Fig. 4. (a)—(f) Images of the conductivity in
the six MPG directions. Tissues exhibited high
conductivity when the MPG was applied in the
same direction as the orientation of neuronal
fibers. (g) The mean conductivity (MC) image
and (h) the fractional anisotropy (FA) image.
The MC was high in the corpus callosum and
the ventricle, while the FA was high in the cor-
pus callosum, the internal capsule, and the
trigeminal nerve.
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Conductivity Imaging of the Rat Brain Using Diffusion Tensor MRI
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The measurement of conductivity distribution in the brain is important in the investigation of brain
function and the evaluation of pathologic changes. In this study, conductivity images of the rat brain
were obtained using diffusion tensor MRI. Based on the proportional relationship between conductiv-
ity and the diffusion coefficient, we were able to formulate the relationship between tissue conductivi-
ty and the signal intensity of diffusion-weighted images. Experiments were performed using a 4.7T
MRI system. Using a spin-echo imaging sequence, diffusion-weighted images were obtained with b
factors up to 3600 s/mm2. Conductivity tensor images were calculated from images of both the fast
component of ADC and the fast component fraction. Tissues with highly anisotropic cellular struc-
tures, such as the corpus callosum, the internal capsule, and the trigeminal nerve, exhibited high
anisotrophy in conductivity. In the regions of interest in the cortex and the corpus callosum, the mean
conductivities (MCs) were 2.5x1072S/m and 2.9 x 10-2 S/m respectively. The fractional anisotro-
pies (FAs) of the cortex and corpus callosum were 0.46 and 0.5 respectively. This method of obtain-
ing conductivity distributions from the ADC allows for easy visualization of the distribution of con-
ductivity anisotrophy.
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