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IANEMAZIIATHY, 2EMEFHCRE
2RO EPRIHERT 2 B PoRAIR LT
7. PETRRERITREICIT - 7z L - (LAY
BIZTLEEETREAhro. BREICHI.-> T
RECIREANRL TR CHEALTRELX G-,

2. UC-NMSP DEpRERITE

HUC-NMSP EHEE T T TIefE Lic HEO e E
SERYEL-. HikEEEE 17.9+£5.7 GBg/x mol
Tholz.

#7330 MBq (330+46 MBq) ® k L —4— « 11C-
NMSP % i##iR & D S L, HEEHI D 24,
BlEE SHMO ¥ A FIvy « RF ¥R ZN
ZN S5 [E, 10~16[E# Y& LITVRR 75 B i
HEEEZRELE. MABKNREIRY tevn Il
(A AT 4 agtf) Wi TRE L7z, Z 0B
3y 8T, 254 ABRISmMmM 5 254 2mD
TS hkERICRETES. 274 2EIH
13mm (FWHM) T v, ZEfiofERE1E49 10 mm
(FWHM) <o 5. QBRI BETREDO R 74 A0
Bx# ¢ orbito-meatal line 7> % 10 mm |75 CEfT
2725 X 9 LEFRBAIRMBAMLIZ L TfT - 72.

Fi, —HOBWEBRFIZOWTIE b v—F—FE
AR I RO AR 2 & 1 [8] 1~2 ml §°> 14
EoRMEFTY, BEOHBER, M@ 1 m/ oK
2y B by v 2 — i THIE LERHIHE 2
fTo1z.
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L7z, BISERE CIRER OFH O EMEE AL
T, /DN, BISEEE O MRS X Ol o R
SHeERRAR % (ERR L 2.
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11C-NMSP L #iigEiE & oSk % Fig. 1izmRL
23av A=A bETAVEROVTHEIT L.

BEO b v—Y —RE O RS L HEERK
(k1~k4) # v T&EbT L

dCe/dt=kl:Cp—(k2+k3)-Ce+k4:Csp
dCsp/dt=k3:Ce—k4:-Csp (1)

z 2T Ce I2FMMIEEEY 7> FIREE +3E4: RAFE

28% 18 (1991)

BV Ty FBE, Csp 3fRIERY ¥ v NBE,
Cpufififhy ¥ FBETHS.
BIEED Y H v FEEE Cfrt 11,
Cfrt=Ce+Csp ()
F 7/ 3 R RAVFE SRR 2 2 & A BN
TR2avA_A— 2V PEFTAUREZLLRS
(Fig. 1). =z Cce i3/ NRPEREY 7> NBEE
+IERNRES Y VY FRERZR TS, RERS
F 5 k1, k2 L/NKIZR T B kI, K2 iiziEgL
< K3, kd iclk#T 5 LFERICKEVWLEELDN
20T, WMANTOMEREY ¥ v FIRE + IFERAUE
&Y H v FRE CelniiltE s L dh 5812,
Lo T QRBRDIHICETZEHNTE
3.
Cfrt=Cce+Csp 3)

BERPLOHEREIIZY ¥ v FBECHFITZ 0T

Frontal Cortex

| 2

Cp Ce : Csp
k2 k4
Cerebellum
k1"
Cp Cce

kHZ’

Cp : ligand concentration in plasma

Ce : ligand concentration of free plus nonspecific
binding in the brain

Csp : ligand concentration of specific receptor—binding

Cce : ligand concentration of free plus nonspecific
binding in cerebellum

k1, k1': rate constant from the plasma to tissue

k2, k2’ : rate constant from the tissue to plasma

k3 : rate constant from the tissue to receptor

K4 : rate constant from the receptor to tissue

Fig. 1 Three compartment model used for the quan-

tification of k3 and k4 value. The cerebellum
was used as a reference region for the estimates
of non-specific bind plus free ligand concentra-
tion.
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INHOTREIER A ce(t), HMISHEE O MHE 2
Afre (), BIHER ©H8 RIS LTV 2 e
EAsp(®) 35 (1), 3Rz,

dAsp (t)/dt=k3-A ce (t)—k4-Asp(t) (4)
Afrt (1)=A ce (t)+A sp (t) (35)

4% Asp(0)=0, Ace(0)=0 DEREMHKED L
LT L

Amap*yf;Ama—ﬂ¢ﬂhm 6)

Thb.
Asp(t)ix 5) XX v ERED Afrt(t), Ace(t)
ZHWT

Asp ()=A frt (t)—A ce (t) @)

THETE 3.

PEdn 6), MRy B/h=FEERANT
k3, k4 ZPE L.

Kon (association rate constant), Koff (dissocia-
tion rate constant) # v\ 2 L fEREES Kd, HE
ER K4 BROX I TEHEENS.

Kd=Kon/Koff
k4=Koff

E7e, K3 I BAREMAEEZ Bmax L5 L
Kon.Bmax 12+ 213 Z 2 b hTwnas,
k3/k4=Bmax/Kd T& ¥V, Zh%FiEkE (Binding
Potential: BP)23 L | TEEff L 7-.

. # 8

HIGERE D 1'C-NMSP OB D A% i3 T~1543 T
BEICE Y ZO®BESLHITHD Lic. [EEE, =
TEFEIZ >\ T b HITTHE L 2 E A OR VAL &R
Lz, B TORIARCEREZEIRD LD
. —FHMETIRIOS TR IARIE®EICED %
DHREL WD Lz (Fig. 2). Z /NI R
5 STREBNR & ATBREIC LT RUh R Ic X Y
BE LI K3, k4, B X U#EEHE (k3/k4) % Fig. 3,
4izExnFhpR LK. #5488 (Binding Potential:
BP) ofillh (x) 12 & 72 9 Bz A0HEE S E D
bh, —RERE BP=—0.00821x+1.297 (r=

% dose/g 22 y. o. Male

Striatum

(Injected dose / Body—weight)

Cerebellum

Plasma

Regional radioactivity/

T T T T

o 20 40 60 80
Time (minutes)
Fig. 2 Time course of radioactivity in the frontal

cortex, striatum, cerebellum and plasma, fol-
lowing intravenous injection of 11C-NMSP.

»

V)
1

o
1

0.8+

0.6

Binding potential (k3./k4)

A g e (years old)

Fig. 3 Reduced binding potential (BP) of 11C-NMSP
in the frontal cortex with age.

—0.711) ©H v (Fig. 3), kK3 BX VP k4 iz>\WT Y
A DB TH L h 7 ERFRIE k3=—0.0006011x+
0.0520 (r=—0.885), k4=—0.00435x+0.0461 (r=
—0.706) T & - 7= (Fig. 4).
FRBCFBRLICX Y HE LY BEECRT
HiEERE k3 L SEIOFEK R BT 5 REAHED
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Fig. 4 Changes in the rate constants k3 and k4 values
with age.

min~!

0.06

0.044

0.02+

Ratio of BP (Str/Front)

A g e (years old)

Fig. 5 The ratio of the binding potential (BP) in the
striatum to the frontal cortex in individual
subject.

i, e L THEEOERBE D Aok
(Fig. 5).
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HUC-NMSP 0 HIEEER T OfEE oML Lz
RO REBE Y AR L5 2 L TRIMEL
Te. INHEOBEEESIEE ANk LTz Lico
Wik () ERAEoRE Q) FBEREED S
T A= 2 O TOEL EITonTESEHEME
BREPLETH BN, HRE~OAHE, BEED
BESE2EL? LELFELEZONRS, fif
WERERL Y F v FIREZ AN L + 5 FHBRRlE

28 3% 1% (1991)

EOBRESCKREYORNEEOREELEZ2 S LB
EDLZAERMTRVWEEZLNS.

IR O BRE L cBiEkikTo LC-NMSP
DREBEOPTEIZB W TIZ k4=0 LIFET B Z &
NTENSY, JEEETII KM 2ERTER
Wi HIERIE B/ — R 1T 1IC-NMSP 04t
(Binding Potential) & U CEE L 7-.

NMSP DORiFERE B T D FEA 122 T it dopa-
mine D2 2 F Gk~ D FEE L+ 5 BEDO &,
serotonin S2 ZHRME~DFREE L+ 5817720 s
5.

31 NMSP X v %, X » dopamine D2 ZZ28{k(Z
BIREOEWE &h 5 raclopride # FWTH v
KRB 125 ¢ dopamine D2 5254k M EET 5
TEMTRENRD, LaL, MEEEER KD 3K
HBorn LB LTRIEFABE T o223, &K
AR Bmax 13 2.3 fmol/g T Y BEAET
DEEE L kT2 L#1/80 U TEFE LI - 722D,
FEARe 1 Bmax/Kd ic (el + 2 = & » 5 1IC-
NMSP o kRipE < dopamine D2 274k L D
EwERER I ALV EEZ LN S, BEFarde 5
DT UC-raclopride 0 k A E ~ D 4 RAY
BERERICBEN LBRRESA TS, 2h
bbb bFAEO e b KRMEE D 1LC-NMSP
DS EEITREE DR 1/2~1/3 IBEDOEEH R
W bR, NC-NMSP ok E DAk
R4y 75 serotonin S2 ZFADFIREMNE W L E 2
bha.

s & ORIEEE A T » 1C-NMSP ofE4 (k3/
kd) 3z L b o THBEORTHRED A,
IERic X Y MLREEIET T2 LoBED L5
%, invivo To 1IC-NMSP o 413 IMRPT LR
BEXNEFLEREICIE LA EREEY S T
LPIPMoNTRY, ZORAENET MM
BEORTICEFELTWER W, HEES K3, k4
DENEFRDERZOVWTHBE L, KIBIU k4 L
LBV ABCET LTS 2, EAEENE
TT203 K3DETHAKMOETIY b REN
2 ThHarZeNbhoiz, LZATinvivo T,
k3 3 Kon-Bmax ic bl 219 2 L 3 mbhTw
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5. LchoT, k3 fETFix Kon %7-ix B max
DETDDEEXLNE. BERZRITZHES
BE (k3) OIET L BIEEBIC BT 5 A1 (k3/k4)
DET LOBZE—ETH Y Idic X 3
DETOHEIRFETLAEEETLRIERAL
ThHHZENHLNTR o7,

In vitro TiIXhME & &b ICHTSEEEE © D sero-
tonin 82 ZAKDOBAFEEE B max 132420
LEMER K 3Ebbhnwi@BikshTsy,
Kd=Kon/Koff Th 5 z & 5, 4E» k3 B
CERT 2 EERENIET 1 Bmax 0@ &k 7]
BEMEAE .

BiL, invivo DY HY F- v &7 % —faik
BAL T in vitro L DFHEB W o1 BESH T
%. P T reserpine LE L 725 v bE Fvic
SH-spiperone 0 #5438 T in vivo DR TIIES
BEEDIET 238 5 23, invitro » & T Kd, B max
EHLRBILAE ot WO BEND B2, £k
ROFEMEVEZEERORBA T A —FIc KERE
BrEATWB LW OIRERH IV, ks b
WEKRORE D BlbTaz ek < mprhTw
5280, L7z 5 T invivo ®F & in vitro n%&
DEALE, Bmax OBE{LLMC = DRz D Kt
DEELBFAT VAR EELBETEAW. In
ViVo DR TIE, BRIV T F-veF¥—DFE
FIRBIE S5 = L A T& ¥ Kd, Bmax 3Rk 3
TEMBTERWE, FEFERIC XYL Scat-
chard plot # v T # A 1z Kd, Bmax # 3%
DT LHBTERD, LrLhdd, Nexti s
FERIGERZ S DELVZ LBLVDT,
FERIZX Y in vivo 0F T Kd, Bmax o
BRI OV THEELZRNSLELBEbh 3.

Z O LIHIERE C D fEARER in vivo THIE
T5Z L IXIEH N © & ¢ i < Parkinson j5,
Alzheimer J§75 £ 0 4 OREMERR B ORIER
5 ETCEETHE LEXLNS.

dE ABFZED RIZES XU UC-NMSP O #HAR
2l ) THAC RO IS RE SR A TR A 2
= b CEERBATER, EFNBERSICZMEL
FKRICEHNZLET. 3k, RIBETEICH LSS

Wi W ETREFRA BIZERTAF IR IR m RE %
&, FIFTERRIFFERTEE DS 2 LB W LET.
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Summary

Effect of Aging on in vivo Binding of 'C-N-methylspierone
in Living Human Frontal Cortex

Hisashi YONEZAWA®** Masaomi Iyo*, Takashi ITtoa***, Hiroshi FUKuDA*
Toshiro YAMASAKI*, Osamu INOUE*, Tetsuya SUHARA*, Hitoshi SHINOTOH¥,
Masato NisHI0*, Hideo ToHGI** and Yukio TATENO*

* Division of Clinical Research, National Institute of Radiological Sciences
** Departinent of Neurology, School of Medicine, Iwate Medical University
*** Department of Mathematics, Nippon Medical School

Reduced in vivo binding of 1!C-N-methyl-
spiperone (NMSP) with age in the living human
frontal cortex was demonstrated, with positron
emission tomography (PET). Eleven normal male
volunteers (22 to 72 years old) were assessed.

The uptake of 11C-NMSP in the frontal cortex
peaked 7-15 min after intravenous injection, and
then gradually decreased until the end of this
study. On the other hand in the cerebellum, the
uptake of 11C-NMSP peaked 10 min and rapidly
declined.

We analyzed the data using a three compart-
ment model and determined rate constants k3 and
k4. And the binding potential of receptors was
estimated as the ratio of k3 (association rate
constant) to k4 (dissociation rate constant) value.

The k3 and k4 values were calculated from non-
linear regression, given by the set of parameter
values that minimized the deviation between the
measured kinetics and model prediction. As an
input function, we used the radioactivity in the
cerebellum.

A significant reduction in BP with age was
observed. Though both k3 and k4 values were
decreased with age, this decrease of BP was found
to be mainly due to the reduced k3 values. These
results indicated that numbers of binding sites
(Bmax) of serotonin S2 receptors in frontal cortex
might be decreased with age.

Key words: PET, 11C-NMSP, Serotonin S2
Receptor, Aging, Frontal cortex.
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