13 15 3
46
BRES 0146

O e~ P AR AT IC = 5 NatS2 5580 i

Mn2+#&5 MRI % W72 0H5E

BRI RS  RAEC (RBKZE EFE IRaSRREREAERES)
EFERFFEE < IKEFEE (Aot 7 — g7
WRESE N IERKRYE F1AEFRE)
F EEe (BENSCILFBEAETRANTZERT BRI RRAER)

FERIBIEE 2 AV e D~ v BV 1L, FRENTH Y, ZRIH DV IR
SHREEIZT <H, RIS SRR O AR BB SR AL EMT ISRV TRERT P
VF—URBLTWS, ZOBRHDRY, BEEICAES v e OEEl (LREE
{b) %ki7 5 Bold ¥ (f-MRI, functional-magnetic resonance imaging) 23AV 5L
TW5, LaL, £MRI i3, BERER(ICHES MRERLERMT 570, EENT
11724, ¥ FDEERERLLOTIE% &/NEL, BNRRIBICT 2B E RS
= LIRS TIERV ), 1997 £E Lin & Koretsky (& Mn2+1ERHI % AV 2 Ti-weighted MRI
zh0, RS RERETMARE TE DI L ERE L, ZDOHEIXMRI
iﬁ%&beﬁ?%ﬂ&f%éMﬂ%ﬁw RN BRI CaZtF ¥ RAD I
AT 3 Motz L% TiERIFEZE L LV a2y b T A b EERT 5, 207280, MATE
BEICHCAE LRV, Ca+RiEtEiifilE 2 BRI 52 LA TE D, bL, TOHER
AWTHEER LA THOBRETMNEFET S Z LN TEIUL, BEMER P2
FTHICETY, FEFICHERRAEL 25, AFEEOHFETIE Mn2iER MRI Z AV,
Na+5z 25 23 R O Al @?/E/&%ﬁqu®F%%%%
1. PEEENIRAIE IR NaCl IR 5oxt L, BE,
BRRE T OMRKR TE DO= B, RE ST
BEERESBREENMEES N (B,
2. T DELIL Fos AL & L <—FL T
BV, =a—u VB CHEN AR TE
77 s
3. UBERATHE NaCL B SATHT L, BHE | Nty Bk b S S e
kL AEEBEREMOBNIEEINT,
4, XY AEBEETY ANV RZRETH 5 OPENE TR NaCl &L:? XL, BREFREE X 6
N5 BERE CESBERMMEIN:,
DIEDFER XY, Mo2EE MRI IZRE OS2 5T, HKR JORK THOBEL %
Za—m VB THETAZ LT TH Y, AR Z ORI AFREA B BT TR
B MR R PRIIFEFR L 72 0 2 5 IR AR S 17z,
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Mn2*¥E% MRI # H\W 7245

BIRRHTSEE « HREE e (KEKZE EFER BHRREFHEEEgEs)
HFERFFEE  KFER (ARt ¥ — R
' WESE (RERIERKTE 5 1EEEHE)
it EBfE (ESCtmEEAREN R B A RE)

€A D) :

BMRIEREBR T AV EEED < v B 71, IEREMNTH Y, EHND 5V IXRHE
B RERBIT 3 S, RIERRE S A SRR RO PR EE SR EFRICB N TRE 2T
RANVTF—=URFLTND, ZOEMNDD, BEFEIINES v B OBEE(L (I
mEE() ZHET 5 Bold ¥ (fMRI, functional-magnetic resonance imaging) 23
RAubhTns, L L, £MRIIZ, BERBEICH S MRERLERMT 57D,
EFEM TR, EE20BFREREM LT HIE% L/IE L, BUN2ERIZT 5
ISEERD T EIXES TIER, 1997 48 Lin & Koretsky [1113 Mn2H&ERHF 2 Ao
Ti-weighted MRI 12 XY, EHERBICHT 2 REBEERUNLRETE 52 & 2HmE
L7c, ZOFEEMRIEZRE LT Ca*7 717 ThHD Mn2txk AV, HREHIIZE
ERFZ Ca*F ¥ XNADOMAT D M2t k5 TiEMERA LY 2 R TR b
PERT 5, 2O, MAITERRIZET L2V, CaHREHMIsEE » EERMT 5
ZEMTED, bL, ZOFEZAWTRRB IUORK THOBEEH L EZRET 52
ENTENIR, BEMRRFPWEHETIICEY, FECEAREELRD, o
T, UTOBEWMZERT HORMFELFE L 1) M2 & MRIICEY, RE
DHIRLTHRRBLCRIR TEHOBES Y == — 0 VEMTRIETE 5208 5 »
AT 2, 2) AEEFICFEET S EEXL DN TV S NatZ A2 fI LR
BB ZFET D,

[WrEE5E] .

ETOERIIEE 250 — 360 g DOHEME Wistar-Hamamatsu 7 v b (n=11) ZHW,
B ARABFZSIHED “Guiding Principles for Care and Use of Animals in the Field
of Physiological Science” 2% - THT - 7=,

7w MIET, enflurane WAL LV FREEL, K[ECIBRR L OEER, ATHEEKERC
Bt L (tidal volume 5 ml, ventilation rate 50/min, Harvard Apparatus, MA), 1%
enflurane & 98.6 %-0s/1.4 % COz+ N20 (1:1.5) DEEHTAITL 0 NTREER LTz,
MnCly 25 FR#IRA 7 — 7 )V & KRBk D b F REIRICEA L, BfRILY > 7'V > 7
BAT—7 % KEBEARD OIS KEIARICTREA Uiz, REEEZ /NI L, MBrEREGH
AT =T NVEEENICEE Uiz, REBEIRD b ORE R OFSZEEINRY 5, mannitol
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BERITF—FAREA LK, BT —T VR IEE IR — NIRRT
L, WAENLD Bf"ﬁﬁﬁ‘ﬁﬁ‘ﬁi’( ICHEET B oiisE%k L, &5 L72 mannitol 75>WR§§73
ARz L CAMICEIET 3 L5 Ic L, F#ER L OERKTRIZBIROLEZ Y7 )
v 2 L, hypercapnia 3 & U hypoxia TR\ Z & ZHED DI,
FHERIER T2, Plexiglas TYER{ L7z MRI AMEELERBICT v FEEE LT, 1BK
FIER S water pad TF v hEEV, BERIRE% 36.8+0.3°CIZfRoTz, AL
D LA bregma 725 6 mm BENCARD L H 1T, EE 23 mm OXAIAVEREL
7o, JElEH 5 —F U935, urethane (450 mg/kg b.w.)/a-chloralose (50 mg/kg b.w.)
BEE L, 85 15471 enflurane WAZ FIE L7z, ZO%Hb, 04/CO2 & NoO W
VT EFEAIC R A S 72, Enflurane F1k 20 %%, pH-buffered bicine (100 mM,
Sigma Chemical Co., St. Louis, MO)IZ¥# L7z 100 mM MnCl; (Sigma Chemical
Co., St. Louis, MO)Z##R A T —T W62 ) VR T2 A, 5 mlkgb.w/h O
A — KT 52.8 HfEIHE Lz (R5HRE=440 pmol/kg b.w.), MnCly & 5-Fi#A 13.2
5%, MR —NEEF R REEE S B 7D, SRR O NEBRICAITRA LI T —7
JHE 25 % D-mannitol (5 mUkg b.w./1.5 min; Wako Pure Chemical Industries,
Osaka) %5 Lz [2], NatSZ ALSHIEIE MnCl, # 5-B846 39.6 HERICU T OHET
1To7, 1) PZEBHARA 1.5 M NaCl &5 (1 mlkg b.w., n=3), 2) HRMEN
1.5 M NaCl &5 (10 ul, n=2), 3) BFEA 0.3 M NaCl &R E (1 ml, n=2),

D-Mannitol NaCl
(5m1/kg, ica)

MnClz infusion (100 mM, 5 ml/kg/h, iv)

Blocks |1 16 17 32 B3 _ 64 b5 sols1 96
Time 0 13.2 26.4 52.8 66.9 79.2
(min)

Figure 1. Time schedule of the experimental

BioSpec spectrometer (ABX-4.7/40, Bruker, Karlsruhe)Z i\ T, proton image &

2 7-, ~ OB, active shielded gradient (B-GA12, Bruker, Karlsruhe) & #F
>, 47 T @ horizontal-bore magnet (N 40 cm)%{fZ THK Y, Para Vision
operating software (version 2.1.1, Bruker, Karlsruhe) & AV TEET 2 Z L3 CTE
%, Ti-weighted coronal image P /3T A —Z 1%, field of view = 2.5 x 2.5 cm,
data matrix 128 x 128, slice thickness 1 mm, relaxation delay 150 ms, echo-time
4.2 ms, number of slices 16, number of accumulations 2 & L7z, 16 BB O R
MiZ 495 B THY, “hax17uvr oL, 1ERIIS 7Tny s LRSS, £
EREFRI D-AEHL 79.2 5 TH o7 (Figure 1),

Mn2-EE MRI OZ 4 M E2 BT 570, R—f#EE AV, Mn2EZ MRIICED
FE&Sh#==2—n & Fos immunohistochemistry XV A Shic=a—1
B S L7, Mn2EE MRI £ L REOFHRRIELT-727 v M AV, NEBIIR
Iz 1.5 M NaCl %% (1 ml/kg b.w., n=2) & 5\ 25 % D-mannitol & (5 ml/kg
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b.w., n=2) ZH&E L7, BREKT 90 5514, B UIERIIZ phosphate-buffered saline (pH
74), % D% 4% paraformaldehyde TH#EFR L, MEER Y EH L, 4°C 4%
paraformaldehyde FIZ—BfR#F L7z, FH vibratome (Model VT1000E, Leica
Instruments)Z VY 40 pm DOYIFEZ/EREIL, 4°C 1I2T—H 1 kHUE (c-fos Ab-2,
Oncogene Science, Manhasset, NY) & s ®7%, ABCIEICTHRAELE (3],
B DO#ETE Excel98 (Microsoft) & NIH Image (version 1.63) B\ T{To7z,
MEBLUOMERBRNT A0, EET7RVICOE, Trvr 17-32 (K —MESF
ZREEET BR10 MnCly##5) &7 v v 1-16 MnCl #581) Tttest 2= Lz,
Tuy 7 1732 RAEERICKETNE, 207 vVIdnEH 5 WVIEMETH S & LT
LI DREFHLIERN HIXBRIN LT, 71 v 7 49-64 £ 7 1 v 7 65-80 CRIBREZITV,
BEOEEVEFREICKRE TN, 72y 6580 DERZT 1 v 7 49-64 DEE THIE
L7-%%, W& O T t test 23 L7z, Table 1 D 7 F/VIRET one-way ANOVA,
Fos T —#1X t test & BV THAT LT,

[FrFemsR]
B OfE FIRE Image Signal Intensity (a.u.) gé%&,]é%g 'igzlgglgi?;n};f
i¥ control L intensity and T;
T NaCl #lEeF relaxation rate.

Regression line is
y=0.39x+0.02 (r2=
0.88). o: before NaCl
stimulation. - : after
NaCl stimulation.

Eb , Ty 10
relaxation rate
rx<ifmELT
Wiz (Figure 2)o 46
Figure 312X <

A X 10 OFHKE 04
B, =, S
IR, IR

E, KRB 4,
@ Ti-weighted
MRI 18 &R E
BT, Mik—

B BEFAAS I 72 R AE TIE, MnCl 512 L Y RE L RREARIA D S5 BREHEM L
e, MOEEMSIIEFREOCHEREIIR N2z, LA L, D-mannitol
BEIZ LY MR- MM 2 RET 2 &, MEERS TOEFREOELITBD bivic,
51z, NEEBIRANER NaCl IERHEEIZL Y, BN NaCl 2 WiREEZ Rz
RT3 e, AERE, EHEE MIFRECTERERESREOHEMARA bR, Al
MER L ORREIRA CIIBEREIT 1o T,

T Relaxation Rate (sec’))
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Figure 3. Upper -panel: Time-course of Ti-weighted MRI signal intensity
changes in the cortexs), paraventricular hypothalamic nucleus ( e), lateral
habenular nucleus (A), lateral ventricle d), and superior sagittal sinus ( p)
from slice 10 of a rat. Time 0 is the start of MRI imaging. The period of MnCly
infusion is shown by the horizontal bar and the points at which the mannitol
and NaCl injections were given are shown by the arrows. Lower panel:
Ti-weighted images of the same rat before MnCls infusion (block 14), after
MnCly infusion (block 31), after mannitol injection (block 63), and after
hypertonic NaCl injection (block 79). (Reprinted from Morita et al. [4].)

Figure 3 LF—7 v hDAT A 211 B LR T A R 12 % Figure 4 D FEITRT,
WNEEBIRN R IR NaCl R 53 L, BE, HK, BIUOHRKTHBICHEERESR
EOHEMMARD btz FFIZ, RREEERSICEZELREZHELTNDLZ LRHD
NTN5, EEMBIMER I — o BRI L CHBICEM L, Zh
b OfE BIREHINENALIL, Fos BEMEOSAE L L < —& LT (Figure 4 EER
JUOTE), ZEER L UORRE EEOFEFREDE(LR LU Fos BrtEAla$ % Table 1
\Z#~9 5, D-mannitol {2 &Y ME—MBEFIZREEET B L, I RNoFERE
FIREDBMMBEZ o7, 5l EH< NEBRN NaCl #5112 LY, ERDESRED
XL o7z, ZOFEERE—EL, D-mannitol RE5 (2, NaCl #5055 Fos
BRI B BICE D o T,
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Cortex Lateral Habenular Nucleus

mmm‘

Paraventricular Hypothalamic Nucleus Supraoptic Nucleus

Figure 4. Activation of the rat brain by the intracarotid arterial injection of
hypertonic NaCl injection. The top and bottom panels show Fos-immunoreactivity
in the cortex, lateral habenular nucleus, paraventricular hypothalamic nucleus,
and supraoptic nucleus. The middle panel shows Ti-weighted images (slice 11 and
12). Areas in which the signal intensity increased significantly (p<0.05) are
shown in color. (From ref. 4)
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Table 1 :
Signal intensity and number of Fos-positive cells in the paraventricular hypothalamic nucleus
(PVN) and supraoptic nucleus (SON).

MnCl, D-mannitol NaCl .
Signal Intensity (%) »
PVN (n=27) 102.4+0.4 118.6+1.4* 156.943.1%F
SON (n=23) 101.0£1.0 115.342.5% 150.3£5.4*F
Fos-positive cells
PVN (n=10) 73.7£12.7 151.2+15.4%
SON (n=10) 112.9+8.8 183.3+8.07

The data are presented as the mean = SEM. For the signal intensity, 27
(paraventricular hypothalamic nucleus) and 23 (supraoptic nucleus) region of
interest were used from 3 rats. For Fos-positive cell count, 10 slices were obtained
form 4 rats (2 for D-mannitol and 2 for NaCl injection). The signal intensity
results are presented as a percentage of the averaged signal intensity before
MnCls infusion, while the number of Fos-positive cells is expressed as the number
of cells in an area. *P<0.05 compared to MnCly infusion. {P<0.05 compared to
D-mannitol injection. (From ref. 4)

20000~

10000

Sienal Intensity

Figure 5. Time-course of Ti-weighted MRI signal intensity changes in the upper

(e)and lower (0) wall of the lateral ventricle, cortex ¥), paraventricular
hypothalamic nucleus (V), and locus ceruleus (m) in response to lateral ventricular

injection of 1.5 M NaCl (10 ul). Time 0 is the start of MRI imaging. The period of

MnCly infusion is shown by the horizontal bar and the points at which the

mannitol and NaCl injections were given are shown by the arrows.
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HRIRNEIZ 1.5 M NaCl @K% 10 pl &5 L7I=RFOEBIREZE L & Ti-weighted MRI
HE% Figure 5 \ORT, 567, BREIALIEORIMNE ETEE CESREREMAE
D, FIFRBRCRMEE, RO THERE, BREIMICIIEEE, R LRICEEN RN
S TWBZ LN 5, [INERFEOEE OHR TEEE £ TORRELL 5~7
STHoT, ‘ '

OREA 1.5 M NaClIEk &R 51259 5 Tr-weighted MRI 5 558 EZ{t % Figure 6 1T
R, [EERERMIT 20~30 % & NEBIIRE 5B L OMAMER G T~/ S WD
Y EBERMESREREMY, WEFRNFET 2 LE2 0N TV 2BREICED LN
T

15000 ~
D?Mannitol\ll NaCl¢ o
|
-Ill
¢ 1]
g 10000 |-
=
5000
[ MnCl2 Infusion
oL 1 x | | ! | ! | |
0 10 20 30 40 50 60 70 8(
Time (min)

Figure 6. Time-course of T1-weighted MRI signal intensity changes in the insular
cortex (e)and frontal cortex (o) in response to oral administration of 1.5 M NaCl (1
ml). Time 0 is the start of MRI imaging. The period of MnCl: infusion is shown by
the horizontal bar and the points at which the mannitol and NaCl injections were
given are shown by the arrows.

[=2]

AMHERE DRFZEIC 3N T MRI 13, % DZEftnds L OIS MErE S, K&
FRAVF— DR BTV, ZHET, TROBEMEEZANS0, N178%
DL ETS £MRI BECAVBNTE 7, AFETIE, X VEERNRERR
EENREE, TRbBLIARN CaBE% Cax7 11/ Thd Mnr»iEFEH & LTH
WTEHE LT, THKOD Natdh AWVIZEBESEREFIMT 5 &, BEEBIHEEL
ERRET 3 Z L6 TVDS Bl RRFEICENT, Thvb D=2 —1 3 Mo
¥ MRIICL Y, BBEICHEShE,
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Mn2 #5721 Tit, BMEEOEBREIIHEM L eh o7zl &b, Mn2id ik — i
EFZEB LN ERG0D, #-> T, M2 R ARICREI T 57201,
D-mannitol ICXABBEEY 3 v 712X ) MK—KEMEZEETAINERD D (2],
WK, D-mannitol WEIZ XV, FIRBEBEZ AR ITRE N5 k%fﬁ LD, EE,
RE, HEK, HETEIZBNT T-weighted MRI D15 BFREE XM L7z, MENIC
WAL= M2HIMi@N T b7 v 7 &, £0¥EEHIT2~3ATHS [5,6l. - T,
% L D-mannitol IZ XV #EMENFARBICHET 2 &, %IIF< NaClEgR#EFIZ
IV ZENLIED Mn2B Y A%, TbbEERERMIEZ S RWITTHhs, L
2L, EEICIE NaClBREICLY, S5 5EERECHEMNERD 5N (Figure 3
and Tablel), Zh 6 DOFREEIL, HET ML D 5\ O IT A O BB E
73, D-mannitol &5 12t~ NaCl E’—‘?U)ﬁiﬁj(% Motz L EEET 5, SEO Fos
BRI DR R S Z DR A TR L, BEICEH D Fos BEEHIREA NaCl 25 TR
HHNTE, EbiZ, Fos TOXER L REEDIAIZ Mn2-ER MRI OfF BiEELE MM
RSN, BESRPERPFEICRT 5 Z OHEORREREND b,

RIANEE NaCl #5-ER TiL, BALC X VEBEERINID ER Y OBNRFETHZ
ENFEDPD BN, BT, REWATHIERMEFBFE CHEENE- Y, RE, FH
B, R TR~ BB AN Colz, BREENE, FHEZT 2~3 4%, HK
TETH~T 5 THole, BEMIIMNERROB/E, TBRRTEHITMMELEE
~DYEEN LT, EE NaClImRONEEIMICEELZb D & Bbivd, —F, K
FORETANEREOEE L IFITRBICE D, HREFIC L 2EELE L BEbh
%, E7z, NaCl BRRAICH L, BREFRECTH2 BEREICESREBMPTED S
Niz, #-T, £ TH/NRRIZICR LT, £OPREEFREIC Mn2tER MRI
ITERTH B AR RIR S T,

(4% O]

Bold 12 & B £MRI 1%, EZERBZE(LICH Y MRER(LERAIL, TOEFHRERE
BT % L/ EV, —F5, Mn25ER MRLIZIMATEIRRICHKTE L2V, CakfF
MAIAEE 2 EERMT D2 ENTE, B tuoREREFREELEBRETE S,
ABFZ2 T Mn2oER MRI 2 AV, Bk NaClIREAKIC A5, PROBERAZ
FE Lz, Mn2-E% MRI & Fos OfRIT= o —n VB T—E L, RORZEMOE
BERH B ERHEND NI, £72, FiE NaClIFRIEEIZE S, HEMMOBE D
M TE, BEASMHEDEV, UL, Mn2iiimig—MEMZEEEd, Mn2a B
BMREDIC ST SR DT, MiR—MEM2ET 2LEND D, £z, —ER
DAENTE Mn2E 2~8 » BREIMIAPNICE £ 5720, R—HloBE ORFERES
RAZLIITERY, Mn2HERITHESY Zh b 0EFMERIRT 5, FLWEZR OB
HENSHOFEL 25,
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DETECTION OF CENTRAL ACTIVATION BY MANGANESE ION
'CONTRASTED T:,-WEIGHTED MAGNETIC RESONANCE
IMAGING IN RATS

Hironobu Morita', Takashi Oginoz, Yoshiteru Seo’, Masataka Murakami*

From the 'Department of Integrative Physiology, Gifu University School of
Medicine, 40 Tsukasa-Machi, Gifu 500-8705, Japan, 2Department of Biochemistry
and Cellular Biology, National Institute of Neuroscience, National Center of
Neurology and Psychiatry, Kodaira, Tokyo, Japan, 3Department of Physiology,
Kyoto Prefectural University of Medicine, Kyoto, Japan, and the “Department of
Molecular Physiology, National Institute for Physiological Sciences, Okazaki,
Japan

Summary

To examine the usefulness of Mn*" contrasted MRI in central imaging, images obtained using
T,-weighted MRI were compared with Fos expression, which is known to increase after
activation of voltage-dependent Ca*" channels. Intravenous infusion of MnCl, elicited a rapid
increase in the T)-weighted MRI signal intensity in the vessels and ventricles, but not in the
brain parenchyma, suggesting that Mn** did not diffuse freely across the blood-brain barrier.
When the blood-brain barrier was broken by right intracarotid arterial injection of 25 %
D-mannitol, an increased signal intensity was seen in the right brain. Intracarotid arterial
injection of hypertonic NaCl elicited rapid and striking increases in signal intensity in the
paraventricular hypothalamic nucleus, supraoptic nucleus, and preoptic area, which are
thought to be involved in central osmotic regulation. These observations were consistent with
the Fos expression results. Using this technique, a time course of central activation induced
by an intracerebroventricular injection of hypertonic NaCl solution was detected.
Furthermore, a central activation induced by more physiological stimulus, i.e., an oral
administration of hypertonic NaCl was also detected. These results indicate that Mn**
contrasted MRI has reasonable spatial and temporal resolution and is a useful technique for

investigating a functional activation of the brain.
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