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DELERRI.

4P T [MCINMSP B D AR SMREEIC BN TR OE L, KMEE THEE, /NMNTIE» o 7.

NEOBSTREBIE 2 A /B & U CHEE LSRRI 2 MG /N O B BIL O E 22 5,
[ICINMSP #R4:fk D2 AR DA EEE ks 2R, ks 13w & & bic IBEEEACRIL, 22
BETTO0.035/4ThHY, T2BBTT0.020/4Th -1z,

TORERIY, i X AREED D2 ZAEENT B F— 33 VBB OBRAIRIR S hiz,

213

UCN-xFppzrERu v ([MCINMSP) # + v—
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HH L LTAWLATHE Y, ZofEREi D2
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LEZLRT W BLY, [FksRRIE o M oM
GABRROBIERORRIEBIE VEDODHS =
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MRZOBATREI A TWS, B EERS~16 >
€ MR O BigED b iddk o D2 RA K
BOWPBBESHTWER, &ict FNELRNE
RV BFEFIT R EERMOZEAE LY. ChicK
LT, $Tic Wong bick h#sshek g,

* TRFBRE AR AT BTERR T
** ESLHER - WHE R v X — KRR IR DTIERT
FRAFITIEE
R BIHREFRATER YA 7 » b w VEHER
R RERRERCERE
Zf:634£8 H22H
EHHZA 1 634210 191
BlRIFERS | FEHI4-9-1 (B 260)
SR E A TS BTERRITSEH
BB HE

e LTHW R hry eIy yaye bE
75 7 4 — (PET) RE D KR T, I iz £ v
[\!ICINMSP DfREE~D B D AH 32 L < B
T332k, BIUEOBLIHERD B Z L1
HEIhTRY, LHrbAVYERTD F—=r 3V
D2 v 72 ORESRRICIE HE Y FEENRWE
Eh TN,
bhbhidEWILSRED [MICINMSP % &5E
LTART 2z LiClRIIL, HiEREECOFH
e E%htE, Letk) o iz 1To7z. Wong &
DIERZBRL, »o5%OKBHIZEOXRE &
LT, BERZ U7+ 725 Lot >
[LICINMSP §EDEb % ATz e
+5.
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Thorz b, EOKBIVEVWEEZEZTH
Rz 7z, BEEO VTR FRIC/ERT 53K
ORI ToTWiz v, %7z, PETHRZER:, M
B EERELT o, BRERARLAED-
o, BHEBRETIRECORN - WAL HHICHT
L, RANDKHEHEEFI.

2) BEHE

REICH Wz [MCINMSP i3 85K 6 05 i
LY VC-avfbAFLVERIRGEE L TAER Y
DON-2 F VALRIGIC X Y &R L, BB (Table
2) 21T o705 BRI L. [LICINMSP Dff
SRR EE, MAloRERERO OIS, &
MBFNIZ 1S OR YV AF VI F LYY LVES
VE)ALT—F L 08Y Dz F AT La— L L
BHNL .

Table 1
Subject Age Sex BOUY Pl cight _ [riection dose
g mCi ng
1 72 M 64 9.8 7.9
2 22 M 60 9.0 6.4
3 24 M 63 9.3 7.4
4 51 M 60 9.6 73
5 53 M 65 8.5 5.4
6 29 M 68 6.8 18.2
7 46 M 72 8.3 6.4
8 33 M 67 9.8 7.2
9 38 M 57 8.2 10.4
10 59 M 47 11.5 5.7
11 68 F 47 10.8 13.1
mean 45.0 60.9 9.2 8.7
1sd 16.4 7.7 1.2 3.7

Table 2 Specifications of 11C-N-methylspiperone solu-
tion for injection

>10 mCi
>30 mCi/umol

Radioactivity
Specific activity
Quantity of spiperone

contamination <10 xg/10 mCi
Radiochemical purity >96%
Radionuclide purity >99%

Nature colorles and
transparent solution

pH 4.0-7.0

Sterility (-)

Pyrogen (-)

26 % 2 £ (1989)

PETHEBE I HN AT 4 2O FEY re v 10
FRAWE?, Zo3ER, 18mm [fEiz3y v
FOBRHBERL, 5274 20OEGEEFERICE
2T LNTES.

BTER S A 2234683 » orbito-metal line 2>
5 10mm FFTEFIzk s & 5ic PET #ED
Ry FICHBRE & ZHEARME S &, PET K&z
fTolc. Pr—V3REIRE D FIB30ETHE L
7. BEBOKSEEZ 6.8 225 11.5mCi T, M
HHRED S EH L 7 B 5 HFIET 54005 18.2ug
Tdhote (Table1). rL— 4 HEEHI Y HK 0
ST HIZY 2B IV SHROFAFI vy
2% v vyEZHER SER X UI6EITY, R
BN EZRIE L. £, FL—35L
B o fit iR & 0 #FRERAY I MVRERE 2 17V, 32
DorBEDtE, MEFBERREORIELZ Y = A VBl v
VHEIZTIFolz. PETHER, v A Bhrv a8
XU F 2 ) — 2 — % OKRIERHIE X 8Ge-%Ga fEH#E
EERWTITo7. &, Bbohiy—#i3 11C
O 20.3 43 TARBHIMIE LT - 7.

3) F—A#RH

BALCBURIT MR, /NI X O RTEERE IS EE
L. BEEIZBIT 5 [LLCINMSP DA IX
K D2ZEFETHY, IMETIRIBEAE
[LICINMSP i BEALAVL DL Ln.
MR To [LICINMSP & D2 25k & ofEs
BIEEOMITICIIR D 2o — R AV FEF AR
EL.

ki ks
Cp Ce Csp
ke ka

T 2T Cp i dErpaE v 4> K iEE, Celd
BEPEEERL Y o FYREE LI RAEA LTV 5
YH Y FBEZAEDEREE, CplrVF v Fo
RENEEOBEZRT. ki(i=1~) 32 h Z
NOFEEERTH 5. [LICINMSP » D2 25tk
xty 2B E <, MEEEESEBVW L b
ka=0 L{REL 2. Z D, Csp & Ce 0%
BT ORAR Y 3222029,

d Csp ()
dt

=ks+Ce (1) 1)
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Normal volunteer

Fig. 1 PET images of the 22 year-old male volunteer. Left images show the uptake of
11C-N-methylspiperone during the first 10 minutes at OM 46 mm slice (upper
part) and OM-10 mm slice (lower part). Right images demonstrate the uptake
during last 30 minutes. The highest uptake is visible within striatum, and the
uptake in other regions in right images reduce compared with left ones.

22y.0. Male
72y.0. Male
) 5'J f.'/\ - 54
H P / 6 |
> ~ H
3 i
>
@ 4 J 3
3 Ve K
3
0
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S .
£ | 5 g
= | 13
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- S
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3 14| ST S, 8
AL 3
§ | Yoo 2 [ 0000 ——o0———0
4 0-0-0——0——0—0—20 ? L C O—o—O—
¢ —— B . — = o 0 e ———
20 40 60 80 20 a0 60 80
Time (minutes) Time (minutes)

Fig. 2 The uptake of 'C-N-methylspiperone in striatum (@), frontal cortex (A) and
cerebellum (M) against the time are shown. The uptake in these 3 regions rapidly
increases between the first 10 or 15 minutes and then the uptake in striatum only
gradually increases until the end of the study. The radioactivity in plasma (O)
peaks within 2 minutes after tracer injection and rapidly falls within about 25
minutes. Finally the radioactivity reaches the plateau or slightly increases.
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x1072
5 k3 = 0.035 min™"
r = 0.99 % 10—2
kz= 0.025 4
€ 4 1 r= 0.99
=
o k3= 0.020
Fel
° ° r = 0.99
= { 37 -
- T
Z ¢ z ’
3
2 =, 22 y.o. =
o = A 46 y. o
o »
= 72 y.o. P
© x
o
14
2
. . . . — : o7 . . :
20 40 60 80 100 20 40 60 80
E quivalent time Age (years old)
Fig. 3 The radioactivity-ratio of striatum to cerebellum against the Fig. 4 The association rate constant

equivalent time in 3 healthy volunteers are shown. The ratio
linearly increased and the regression line was calculated
from the ratio and the equivalent time in each subject. The
slope, ks was found to be a decline with age.

7212 L, Ce MIMPIERERL v 4> K BEE I
TEBLRELE.
LizhoT, Csp(Mix ) RXEHHSL

Csp (T)=k3j:c.= () dt 2

Th3.

Z» Ce & Csp & DEfRIF, Ce % Csp izktd
BANBEKELT a A A— b AV ETAEER
BT LNTE5.

Lz 5T, [MCINMSP o kiR o Bi@iE
ERacET g, ke>ks BRR D o & AKE
TX5.

& BICHREE L NNICB WT, FhEhOEE
T ki, keid, LWL RETHIE, ke>ks D

ks was calculated from the
radioactivity-ratio of striatum
to cerebellum and the equiv-
alent time. The ks value
exponentially decreased de-
pending on aging. That is,

log(ks) linearly declined
with age (y=—0.012x—3.08,
r=-—0.95).

REND, BEMETHD Ce LAPHTH Ce iF[F—
Thd, LAhhLEsb.

REETOY F o FEE Cst i3, HFRENYFEEO
YA RPEEECsp & Ce LOFINLEEY, £z
JNBED Y H L RIEEE Cebl iz Ce TH B Z Lab,
ZOBDOBDIX

Cst (T)=Ce (T)+Csp (T) 3)
Ccbl (T)=Ce (T) @)
TrRINh5.
S E B RS REIEEE X, U Y RPREEIC A

L, BEEDOHEEE Ast (T) L/NMOFSHE Acbl
(T) oK Ast (T)/Acbl (T) 1%, B), @) Hnb,

Ast(T) _, Csp(T)
Acbl(T) '~ Ccbl (T)

&)
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Eey, )Xo Csp (1) iz Q) XERATHIEF

T
jcwunm
0

Ast(T) _ ’
Ccbl (T) (©)

Acbl(T)

LB,

TR3*

chCblo)dt
ST T CebI(T) AR Te L35 &,

Ast (T)/ Acbl (T) 13 ZAHiR5[E Te o —REAEK TR
Eh3. L7=2oT, ZMEEE Te ot + 5 Ast
(T)/Acbl (T) ® fF & 72 & ks & sk [LICINMSP
D#REMAE D2 ZAAE D in vivo fEH O ERMIEE
Ll

T~
N

IIL. % -3

[LICINMSP o ¥4 iE b v—+ B EE#ZIZ
KA, #EE, RER X O/NNERICE WS
MErRT, BERL &b ICBREEDIS O EAL T it
M2 5 D23 b iz (Fig. 1), #Ek T
b U— R E#R 155 ik AR [PICINMSP o
RYRAARBHLH, ZOHRIYAHZRERICHEM

L7z, /METIEH 104> T [LICINMSP D H Y A H
BERE LD, TOBRESHIZED L. BIBEE
BT T 5 155 T [LICINMSP D H Y A H it
BREERY, TOBBERL» TR LI (Fig. 2).
MR REH 1 20 2HNICEE L s
D, FOBKIHETRAFIRSL, DB
FERIREE L 72 - 7= (Fig. 2).

BREAE /NI D TR REE (Ast/ Acbl) i3+~ T
DERE B W TRElIiCx L#imL T Y, 20
B & L LI T LT wWis. F LTS R
RIIC% LT Ast/Acbl iz —ykBASIC 36 5 #8238
W, ZTOMEE (k) Znse LHITETL, 22
BFT 0.035/4y, T2BEFT0.020/4 THol
(Fig. 3).

ks ofnsic > BlLeRET 5720, B/hBR
FICX VIERERLER L O 2EHEOER ZRAAR
7. IEEEEIC X 3 BEEHREZET 0.0000320
»ELh, ERERCHTIREERBER
0.0000461 2348 5 7z, L7z - T, ks ofnEsicfE
5 BT TR EEMICIET L, T74bb, log(ks)

BEBIIHLEEDAOHEE r=-0.95, p<
0.001) #;=x L, log(ks)=—0.012x—3.08 T & -7z
(Fig. 4).

v. & &

SEbhbhREE RS V74 TERGELE
i & 2 g o [MCINMSP #E& 0Bk x 7.

[!CINMSP D ER D iAA 1T MEEIZ BT HED
F<, RBMEBCBWTHEE, MY\
(& o7-. [MCINMSP i3 D2 F— %3 V25K
BIUS2 tu b=rRERCHVWHEZAL,
#iflicsi3 3 [MCINMSP 05k D2 254k
LOREEERL, KIMERIC K15 [MCINMSP
DEBNL S ZEERLOBBRETTLOLERD
n625,26).

In vivo [LICINMSP #4113, FMRAT Ik o m
JRFTILRR 12IE & A E 2 21T 3720, /MDY
H v FIREE & MPEEERL Y & BB TE
BLEZDNB2029,

SElb b/ B REERE 2 A TIBE% L
LT, #EMkiciksiFs [CINMSP & D2 274k
Lo in vivo FEEDERBIT2{To1-. ¥, M@
SErhEERERL Y 7 R 23RBS 2@ L, MG
R~ DAEN, ZOMEFEREY 7 FRE
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PET trry, Mt ARESIE b FRFICRIE L
7o, M#ERHEEER, PL—HBREZL1»L 25
DNIZREE LAY, ZoRAELETAALNE
B3, 20425 25 LRI IR IEEFIRIE L 2 o 72
PET $R&EHY 1213, mEEPlERR Y ¥ F ok
SHEBNRE L /MK O BN REBNB I B Ic 5 T b a8
FRRES K, MERBHESIE L /MK O KR
BifEoficiz, LBy bhz. Thiz, [MC]
NMSP o ffn AR EE &% Heigeiss < , o AMaE g
@l L s WS A LRI EEhaen
Erzbhsd., zozhrb, Rz Eomits
REAREBE 2 AL LTHWS HFRES 35,
bhbhi/NROBRSEEERE A /B L T35
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BRESL L, IMSEHEERERL Y & FEEEE  ABEEK
L U BRI L 4 B O BT & o IR &
THZLBNETHS.

Wong & i3RFEIIC3E T 2 BREMAE /MK O 1 RE
Lo &k, st HEOETEHEL
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FE IV BB B R ICET L T v k.
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REt 2 ES 5.
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[LCINMSP % w7 PET HIE % 1TV, #REME
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Summary

Age-related Decrease of 1!C-N-methylspiperone In Vivo
Binding to Human Striatum Detected by PET

Masaomi Ivyo*.**, Toshiro YAMASAKI*, Hiroshi FUKUDA*, Osamu INOUE*,
Kazutoshi Suzukr***, Hitoshi SHINOTOH*, Takashi ITO****,
Hisashi YoNEZAWA*, Masato NisHio*, Ari KOSEKI*,

Susumu Fukur** and Yukio TATENO*

* Division of Clinical Research, National Institute of Radiological Sciences
** National Center of Neurology and Psychiatry, National Institute of Mental Health
***Section of Cyclotron, National Institute of Radiological Sciences
**%* Department of Mathematics, Nippon Medical School

The effect of aging on 1!C-N-methylspiperone
binding to living human striatum was demon-
strated using positron emission tomography. The
11 normal volunteers (22 to 72 years old) partici-
pated in this study.

The uptake of 11C-N-methylspiperone in the
brain following intravenous injection was highest
in the striatum in individual subject. And the
uptake in the striatum only gradually increased
until the end of the study. The uptake of 11C-N-
methylspiperone in cerebellum peaked within 10
minutes following injection and then rapidly
dropped.

The association rate constant ks’ was calcu-

lated from the slope of the radioactivity-ratio of
striatum to cerebellum versus the equivalent time.
The equivalent time was calculated from the radio-
activity of cerebellum as an input function.

The exponential decrease of the k3 value with
aging was observed. The ks value of the youngest
subject (22 years old, male) was 0.035/min, while
that of the oldest one (72 years old, male) was
found to be 0.020/min.

These data suggested that the dopaminergic
activity through D2 dopamine receptors reduces
with aging in human striatum.

Key words: PET, 11C-N-methylspiperone, D2
dopamine receptor, Aging.
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