UV U= 78 (MEMRI tract-tracing) 12X %
FRIABEAR SR ORGH & HaNE phHE 7 10 O b
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R 202 E B R BSOS, E B RS
SR SR SN S
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Y L RTENICI SERE L T3, MIRHEOmE
(SRS U CHREIE IR A P S O 3 AT RE DS R T
LB EMBNTWAY. Fabb, WiE
T OBEMRDNT & A & PR TR
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S OB NFITEROE G THIEL, ZD
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523, ZOLDh N LB OB RALERIC
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P PR ERLE A L D > oMYA
DS, S BICHhREEYE A L 7 -
V= TR =S5 VF 5T 4Dk
IR T R L DB LN D
TH 5. FEROFIEMAMY ARSI L 5
TR S OBZE, ARMEICIREs &
7 PRV 75 AL (B B O MBI 1R 20 A7 7 B & 201
LT/, Lal, ITNHOHERRD TrE
WP L, AR TOBEPRETHHZ L2,

N B R OSBRI FEENC X A5 GO
H, & OITREEAROIER &\ o 7 MR FE
THICHEDS CEMRETH 7. Lich-> T,
HaIR D 275 & ¢ BB AHIEIC IS VT, B/
R O MRS 2 A RO E £ “in sitn” 1218
LT E HEGRITEORRE P RO LN TE /.
JTEE, WERILMEE R (magnetic resonance
imaging : LI'F, MRID) (T & % et S ik
DL ODBLIN, ERNOMRE % L
TEHERABPMESIN TS, ZDO—2F, Ko
FOILE RS A 1FH & 4 5 diffusion tensor
imaging (LAF, DTI) 35 LU tractography T
B AHY~12 . DTL 3 REk O #RHA MRI & [F
FRICIEREICT — 208165 &n0,
TR Tl BB e x5 & 4 %5
BEERABIEIC SIDHA S N, KR 2 I i S o n]
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DORT B INT I TH RO 7x % BB O i
MHEDNAE LT B8 G750 E, HME RS O
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B0, HRTRIHEBEEZER IO T 5 tractog-
raphy O FICIZ MR TN EFELEIN T
716).

—77, DTI L 38757 780 —F THER
EOFEAEFER S 5 Jk75, Pautler 51T
X - T#H 4 X /- manganese-enhanced MRI
(MEMRI) tract-tracing C & 520. MEMRI
tract-tracing {3, bR L 72 /RERMAMEE TS
PO MRI ik LV —y v 7 ETHD,
Mn?* O = —7 IR FIR L 7oA O LR
SFHIBEF IS D S R EGHE ThH H . KEEI,
CNETELCITART v | & B HRHE
SRE ) % o SIS ERE R O R HALS, trac-
tography ORGEERGED & L CE\ A 23
HEINTELR, VT V/OREEEEBICE b
ANOFHIFERL TRl filih, HwHAE
DHEBEEFIGE, FRCERRNOBEL 725 T
FTVAV =Y a P —FTlE, BREHY
ICinz Tl MC & 0k OZREEREN Y 25 F]
MESNBEEICHD. D, KErERE
YOS FITICEA 35 2 ENOTEENE
MEE->TW5.
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DM CRE L - HRARER A & o/ NIE R
FEREY I/ ~—Ty MEMAL, LIS
BT 5 & SN AERAZERR O & ke
SO HI &3 5.

] &

PSETLY)

TN T OBy BRI 0D E BB ) R 52 P
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VR AR R LAz, BRI B ABIIC o
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MRI

MRI % & X 7 ) 71 — %L PharmaScan 70/16
(7.0Tesla) ICHEEM 6cm DEZEIHFAR
Ja—Laf VvefaGHE THEHAL .
MEMRI tract-tracing [3#kEE F TR RENMOH
AEERPIIC MnCl K% (1 mol/l, 0.5 uL) %1
B|ICHE L. BT —2OREE, 16lx=#H
S &> O AR T CRERY (4.5, 5, 6, 12,
18, 21 WffHf) KRB L, fiid 3 Bl DWW Tid
HBEISE 720 7r—VICRL, 24 FE#ICH
UREE T MEMRI % % L 7. MEMRI ©
W — 4/ Aid 3D gradient echo # (TR/
TE=40/3 ms, FA=30°, FOV =60 mm, matrix
=192 %192, voxel size=0.31 mm (isotropic))
PR L. F£72, Mn2t O5FRIC L - THi»
NARRCEROVEXHRT HHBI2 L, A
#oR 4 2D spin echo #% (TR /TE = 3500/40
ms, b=1000s/mm?2, MPG=12 non-collinear
direction, voxel size=0.31x%0.31x0.94 mm)
IZ & BB %E R —@ETERL, DTI tractog-
raphy 7% K HAHRFHBAZE O ATV ISR (http://
www.ut-radiology.umin.jp / people / masutani /
dTV.htm) ZEEHL CTIERLL /2.

BRARE R O E{G RN

PERFAYIC 5 < 7z MEMRI O {57 — %
7 5 3D tract-tracing B A {EH L, BRI
B i3 A AR 5 ORI O\ T, [l—f@l
f£@ DTI tractography & ks L7z, =6
12, MnCl: # 5 #% 24 Wi © MEMRI tract-
tracing Eifg» 5, TV —FEty FOHEKE
BEBKICE T 5 M2t OG5 A% BT L, Mk
JEIR PR P B 3 & OB E Fed B DT RRIC D\ T
Bt L 7.
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MnCl: DG RERABE G-, FERFICHRG L /2
MEMRI O£ Tk, #5ARDK, [ AH A
B, BIUBRZX TORESHEIARD LN
(Fig. la~c). #5514 6 Wi Cla e S mik
FLE D B IR ERAIGRMEE~ D Mn?+ OB B A i
e (Fig. la), 18 IRl ICid FAIE pge
e s n/e (Fig lo). S HIC 21 K
4 O tract-tracing 2 Cid, WHIHIC 50K L
THAI AT HHARROETHRRD N,
Z ORI A — A >\ TH S 7z DTI
tractography & ¥MIL 7= (Figl.c, d). #aX
S OEMOBHAERKICIE, WL kav S

AT OB E DI - 7.

BRI 2> O R S A 24 BERITRICHRR L 72 3 7
ICOWTIE, JHREE N CRRIICHIRG L 7= —#l &
R, 2PNV TRMAS XU,
%R, MEMAEIRGE, S 6IC ERAER Sns.
MEMRI tract-tracing {3 8RR A 5 -0 HE0R
b EESORE A BRI L (Fig. 2a~d),
R OMABRETEaEY~—FLy FiICD
WO SNk ORI A M IR B2 &
— 9 B WA A B RS O SR RO 5
N7z (Fig. 2¢).

DT-Tractography

e

MEMRI| tract-tracing
(21hr.)

Fig. 1. Dynamic MEMRI tract-tracing of retinal projection pathway in

anesthetized marmoset

a—c : Contrast enhancement on ipsilateral optic nerve induced by Mn2*

migration from injected retina.

d,e : Comparison of retinal innervation into optic chiasm between DTI
tractography and MEMRI tract-tracing.
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contralateral

ipsilateral

b

LGN

= AT
B3| o .‘r::: b of
N’

C

Fig. 2. 3D-MEMRI tract-tracing at 24hr after intravitreal MnCly injection
a : Contralateral retinal projection on left optic tract depicted by Mn2* distribution.
b : Ipsilateral retinal projection on right optic tract depicted by Mn2+ distribution.
¢ : Laminar Mn2* distribution of retinal afferents over lateral geniculate nuculei.
21, 31 : Internal layers receiving ipsilateral retinal projection fibers
1C, 4C : Internal layers receiving contralateral retinal projection fibers
d : Superior colliculus and its brachium (arrow).

Z £

A W52 Ti: MEMRI tract-tracing % /N5l =
REEBREBW CHLIEV/—FLy FMITILH
L, SREHROMEBT 2L KR, C
NETEICEREEY CHE SN TE /L2
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aJEUY—ELy FiIZOoOVWThERSIN, b
PO EFAEER S MRLIC X » CRIfAL S
nic. BRICT -9z ERBOERE#HY %
it 421 MEMRI tract-tracing O it 13 R 45 X
NTHBBD, KEERIC L OEWN TOBR
FHAZEHL WA/ NMISREADE VY —F
Yy FORELRERIZOWTL, KEXER
MRS ET FETH 5 & E 2 b

MEMRI tract-tracing {3 Mn2* O =— 7 7%
R, dabbOav ko A @ RIC &
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N5 MnCl ORESCRE, FL—A3N 50
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JBR i 246 705 A B e 0% A A0 i 1 Js 10 % M2+ oD it
DIABIZ B G 2 DAfE bR S h b, &
72, Mn?* OBRIGEE D EE S ThH 5 & O
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fusion) ITARFL CTWAREEE SRS TW
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A
L] L]

MEMRI tract-tracing (& “in situ’ 12 # £ 5%
W OBZE P AT RE L MR CTH 5. <
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In Vivo Visualization and Analysis of Primate Retinal Projection Pathway Using
Manganese-enhanced MRI Tract-Tracing [Presidential Award Proceedings]
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Manganese-enhanced magnetic resonance imaging (MEMRI) tract-tracing has been used for in
situ morphological analysis of several experimental animals, including rodents. We used a 7-tesla
MR imager to perform this seminal technique on common marmoset monkeys, whose complex retinal
projection pathway is analogous to the human visual pathway. We found that the distribution of diva-
lent manganese cation (Mn?*) extricated from MnCl; solution injected into unilateral eyes produced
marked contrast enhancement that clearly delineated the retinal projection pathway. Configurations
of the retinal innervations depicted by MEMRI tract-tracing were consistent with findings of previ-
ous histopathological studies. In conclusion, MEMRI tract-tracing is a robust tool for iz vivo neuronal
imaging analysis of the non-human primate visual pathway as well as for other experimental medical
research in animals.
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