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NEHEA B O, HBRECIEMEFHL T
BRI L, BT 2 BRI R 72 3R R
LTWwiswn. KHERE oFE G HAKEO 12~
+1YORPHICH - 1.

11C-Ro 15-1788 13, Ro 15-1788 ¢> N-desmethyl
o2 F iz V AR LSRR E T 720 b
BRIC ik S 72, ki i Bk B i 280
~3,180 mCi/g mol T - 7=.
PEANBIREDRIE X AR Y b e o h I X V1T
fo. HRE TR ¥ v > —H IR T
BAL, S27A4 2D b L TFMORT A RHHR
WHAEAMBE1I0mm A5 X 5B B 2
ol. BHAX v U EToTOL, HOHMLD
RSN HFRIRE Y 2.1 ~9.5mCi (#&5-KF ik
HfiE 64~1,740 mCi/g mol, 0.9~16.2 g) » 'C-Ro

Fig. 1

2

2 % 12 5 (1985)

15-1788% - Lc, br—+—HEK LY 145
MoOXALF Iy 7 2% v 0 220~40[]# Vi L 7.
IR OF =5 — X ) RSO RRERIIE, RN
WHHIE, BAFREIE O IE o #% 18mm = L5
2 7 4 2 OBREEREZ T - 7. %3 H
SR T — 7 — PR E HARP ICHRRE U, Al
ExIT - 72 t%, BNSBEIRICT A b2 2 TR
TRk 2 3% WO RE AR 2 fER L 72, 72 1 57
WoOFAF Iy 7 2% v L OWiGREERKELGD
52 LIk VEEOWER R OBt & 1k L 7.
M= =D& L XY, RFEHYIC 4~15
[ ARER ML 217V, M RBURES L0ty 7 m
v AR UERIE /e T LIk )it E R
SE O EEE v = A Bl s Yy s — TRIE L 7.
68Ge-68Ga FEHEAI & FIV 7o HEBRICK Y ¥ v )

16-20 min.

Right

PET scan of a 24-year-old male volunteer following intravenous injection of

carbon-11-labeled Ro 15-1788. Initially (0-5 min.), the cerebral cortex, the basal
ganglia and the thalamus were clearly visible. The radioactivity increased in the
cerebral cortex at the later time of the study (16-20 min.), whereas the accumula-
tion of 11C in the basal ganglia and the thalamus began to decrease. The radio-
activity in the cerebellar cortex was initially (0-5 min.) higher than that in the
temporal cortex. This pattern was reversed later (16-20 min.). These images were

cross-scaled.
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Tr—va MR E RS, HNBERRERIERS L O
MR PR REBEEE & $5- L 72 b v — % — DS HE
Eolbick VI L7 (9% DOSE/m/).

2HOHWRFICHE, br—H—FhkoLYy
ik H v ~<H 25 (GE #: 4! Maxi Camera 400
AC/TICTHGE LTz, a ) A =4 —ERmT ¥
—Ho L o (MG 2503 BB) # v /-.

4 7 OWRE T, REKTHRICHER S &R
JiG e & B L 7.

3H/DORT T 4TI b L —H — % 5 30 43 Rif
ICIEREHE o Ro 15-1788 # = 0.3 mg/kg, 0.5
mg/kg, 1.1 mg/kg #RTICTIRA S ®HABIEZ =
vhm— VEBRRE L.

IIL. % 3

b L= — eI C oL KIMEE,
JEEERE, BRB X OUNMICTE 572, £ 0%
NBRIRO h L — — DB RA D, LEW
ISR E I3 5 NC R HN S X 9 12k
ot KIMBE o T BEEERN RS IC TR0

VIENE BB X E 0N i R vtz (Fig. 1).

KB E ORI FEfAR O £ — 2 13 b L — —
W% S~11 4 (n=13)iIch h, &6 ic 5~114)
Wi & R o 7ok, fR AR Lic. DR T
' — 7 T 9.3+2x1073% DOSE/m/ O} D 5AF A
oo v, JRERE, BUE, /MEOREHER ©— 2
M2~T T v, IERE, BK T 1~6 43 Wi
Ao 121, NIETIE 3~9 4P E it - 7214

KIRE & Mg LT 200 IS K L 72 (Fig. 2).

Mg =273 I~33Mch vy = 27T 334
1.1 x1073% DOSE/m/ L X 7 > 7=. f1E D' —
7 2~T /MY, £ — 27 T52+1.6x1073%
DOSE/m/ Ol v A& A R 0 fvi- (Table 1).

MU PR I 6 P RREE & TH A0 NITRT
L, #O%BAIRT £ 23 @k i BH+
L0831 (10~20 4> O FH L 1.1+-1.5%
min~!, n=11). MRHP A E & BREE P Ichh
& N7l OFHE & D751 3~8 ST~
CRAIR U7c. A drastrp ot & 7 40 o fildst
B 10~20 722 35 15 2 AT 3.2+41.29%

Fig. 2

Fig. 3
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Time activity curves in some regions of the
brain and the blood. The data shown are from
a 24-year-old male and are a qualitative repre-
sentation of the entire group. ROI (region of
interest) of the frontal cortex and the basal
ganglia were placed in the left hemisphere at
the OM +46 mm level, as no asymmetric
accumulation of 11C was observed. ROI of the
cerebellar cortex was placed at the OM
+10 mm level.

(@—@®@) Frontal cortex, (l—M) Basal ganglia,
(A—A) Cerebellar cortex, (O----O) Total
blood and ((J:---- ) Organic solvent extracted
fraction.

Cortex/Blood
o o ~

&

N\

20 30 40 50 60 70

Age (years)

Age related-decline in Frontal cortex/Blood
ratio of 11C radioactivity at 20 minutes post-
injection. The data was fitted to a straight line
(Y =9.38—0.07X). The lines (------- ) (eeeeeees )
show 99 and 95 percent confidence limits to the
regression line respectively.
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Fig. 4 Whole body scan of two 24-year-old male volunteers after the intravenous injec-

22 & 12 5 (1985)

tion of carbon-11-labeled Ro 15-1788. At 0-12 minutes postinjection, high ac-
cumulation of 11C was in the head, the lower thoracic and the upper abdominal
region. At 15-27 minutes, high accumulation of 11C was observed in the brain
and the liver. Small amount of 11C was observed in the gallbladder and in the
urinary bladder. At 35-47 minutes, the highest accumulation of 11C was in the
urinary bladder and small amount of 11C was accumulated in the gallbladder.
The relative distirbution of 11C in the brain and the liver was considerably low
at this time. The decay correction of 11C was not performed in these images.

min=3 (n=11) THo7z. b+ L —H+— 5% 204
< ML P I & BB 1 3.2+ 1.0 X 10-3% DOSE/m/
Th Y, AHELCR I & R O RUNRE T
1.340.2x 10-3% DOSE/ml T & - 7=. 20 43 DR ki
I35 B PITEHACE & A BRI 53 o BN RELE
11 6.5+1.6(n=11)Th 7. BIBWHRE % 20 5%
f& (n=5) & S0FELLE (n=4) L OZFETHT D &
HITEE B & A BT T 43 O BUR B O e ik 7.9

+09 ThH VY, %ETIES14+0.6 Th -7 (Fig. 3).

AL OREITBIT B b L—H — DR
&, huv—4%—Fb5% D 3045 O R A TIE 10%
(n=2), 404} DI T 36% (n=1), 1 EERIOR A
Tz 47% (n=1) Th - I-.

2EZ X % L TiE 0~12 MM X OV F s
X0 ST TEW ML —Y—OEFREN R

A, 15~27 P Es LORF IS v b —H —
OHERBR SN, — IS L ORI Pk
Bt STz, 35~47 DIk i B3 L O ok
L—H =30 LT 0 & I ER L,
T INPEICAERE L T (Fig. 4).

A EERICEH W T, 0.5mg/kg, 1.1 mg/kg O I
BEik o> Ro 15-1788 # JIRA L 72 2 4 oW Bk % T3,
MR A BEIR & b RBRICHURRED B — 7 (3 b~ L —
— BB 2D Y, THRNIEF L 205
O RIS B T D N BT O BURRE M T B 8 &
#F—ff L 7 > T\ (Table 1, Fig. 5). 204}k
RUTE T DRTHE ORGREE =7 > b r — L5
L L, 0.3 mg/kg, 0.5 mg/kg, 1.1 mg/kg % iz
MLE32oBRECsSEEhZh 489, 22%,
1% WCETHD Lz, 20 2ol icss i 5 K ik
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Table 1 Brain uptake of 1'C and its peak in control experiments and saturation experiments
Structure (%DéénEl?" 10-3) ‘Iﬁ?ﬁﬁ&!ﬂ‘ (%];)ezcl)ks}éil/gll})tﬂ) (%ch?slglg]o-%
Frontal cortex (control) 7.34+1.9 8.3+2.0 9.34+2.3 8.142.0
(saturation) 6.1+2.3 2 6.1+2.3 1.9+0.8
Temporal cortex (control) 7.742.0 9.2+2.1 9.742.5 8.74+2.2
(saturation) 6.4+2.0 2 6.4+2.0 2.240.8
Occipital cortex (control) 8.642.2 8.3+41.7 10.842.7 9.242.5
(saturation) 7.042.1 2 7.0+2.1 2.24+0.8
Basal ganglia (control) 7.54+1.8 44413 8.4+4+1.9 5.64+1.2
(saturation) 5.8+42.1 2 5.842.1 1.54+0.7
Thalamus (control) 6.8+1.9 4.2+1.3 7.6+2.1 S.1+1.9
(saturation) 6.1+2.0 2 6.14+2.0 1.940.8
Cerebellum (control) 7.1+1.7 41+1.0 7.64+2.1 5.5+1.9
(saturation) 5.9+1.1 2 5.9+1.1 1.940.8
Brain stem (control) 3.441.2 2.14+0.5 3.3+1.1 2.14+0.8
(saturation) 2.9+0.1 2 2.940.1 1.840.9
White matter (control) 4.64+1.2 45+1.5 5.2+1.6 3.6+1.0
(saturation) 4.241.2 2 4241.2 1.94+0.5

(mean-+S.D., control experiment; n=13, saturation experiment; n=2)

Saturation experiment

*

11-1S min.

16~28 min.

Fig. 5 Serial images in the saturation experiment. This subject, a 53-year-old male, took
1.1 mg/kg of cold Ro 15-1788 30 minutes prior to injection orally. These images
show rapid decrease of 11C through out the brain.
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BB LR CHRASEIT ) & OSRED
1.1 mg/kg ZRA L7z EBREFIC BV T 1.5 LK

22 % 12 £ (1985)

Table 2 Estimated exposure dose by injection of
11C-Ro 15-1788 in human (MIRD method)2

Mmooz,

REZ I AOWERF TIARED L5 > X RE
FATZLOMND - 728, i AREIC L DR
FRATCERRL, TAOHREICBVW T2

oz,

Iv. & =

UC-Ro 15-1788 §rid: %, MENHUENEIL 4200
CEALECERYAZZRLH, KL —H—0
MNBITHE R R TH D EEX LR,

bu——H% S R E T, KIMECE, MK
JEAE, HUR, /NI b L —%—oERINE <, IE
NI D B > 534242 L AR % 73 A T
b ote. 1053 T, R, BUK, /Do

N L= — ORI URIMEE & o5 0
LD, R TE b L —H —OERNE DO T
Wi Y, invitro DRBICIDZAMO R ST
.
binding sites)® 1126 LHLl¥ S L DL o &
B, [EOIE ) BPEERICH AN b L —4 — D50
FV OO ERDIIC I VIKTENRAT S 12
bEEZLN.

Ro 15-1788 (3 1EH ACHUM G b Shi- 45 &
WIEER %2 b 72372028, YERFICAIE T i
fFEREITY 2 ENTERL., +HhXy ) 7 —
TN Z 7o BN IEBRIE O N U R Dfn ik + =
) — IR RAFERT O b L —F— O HEREE X
MelizborEXOND., £ay bu—LER

Lt 7% —®O4 i (maximum number of

LOMIRRMHEEGEIRLIZLDEEXLRD.

TOZEEY, Tk —LERITEWT kL —
=i ik + 7 U — + IEReRAOHS
B8] O FL—F—DOHIRED ED ZEENE VN
A L L L ICERNEA L L=t — Dk
HiEoEw 25G E Y, MNSFEBO~N
SUTEE Y s LT —ONFHICHB L1 2
— B LOLBbhS. KB L —H%—#
H1% 20 4y OB IS I B KK K E T 08 RA RS

Organ mRad/mCi
Adrenal gland 6.2
Bladder 51
Small intestine 78
Large intestine 6.3
Kidney 12
Liver 9.7
Lung 4.3
Pancreas 3.8
Spleen 3.6
Testis 2.9
Ovary 8.9
Thymus 3.2
Thyroid 4.8
Uterus 5.8
Breast 0.9
Skull 5.8
Ribs 1.6
Spine 5.8
Pelvis 3.6
Arm bone 4.8
Leg bone 8.5
Red marrow 3.1

HO L » EIG I T0~80% £ LN, &0
WCREED X v ) 7 — 2N A TN U RE
DOWYNESICTHRNITE D AHEMH S & % 23,
AKFEBROFER T b v — 4 — £ 5 10 4y o B 43
< 0.05 mg/kg »IEEEH Ro 15-1788 % ¥k L T
displacement # 4T - 7= Samson & DO #EH20 L —-F
LTw5. UC-Ro 15-1788 i3 Hidefty v R AT 5[]
EBWTHENKESOHEVE WAL HL 2 &
WTE, ve77—DRE, Bk Lb x50
Rl L—HF—Thod ez k.

FAML—F—3H5SmCiOEHAIC X Y|4
HAEBERD 2 LN TERBRREI LTI
L, D ELEz LK (Table 2).

kL — — 5% 3~8 /M T ik K RE
B LR T S 0 3 i & OB
TL %, Zhix 'C-Ro 15-1788 » fR#H & hk
BHEORBEDPELTL DD EEZLLS.
t b & F i EBRIC T80 £ T 4 F kit

IRV ENREShRTE Y, FEhT I
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5. AERES IR & A7 O BN RE (E1E
LR UC-ROI15-17188TH D LEZ LI
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KM & i (BRI /) & O R
REOWDFFHERE P RAEREL TR D, Sl
FICT Lt 77 —OFEAIRIED R 72 5 HEM: 01Z
ML T~ L= — LR L ORAIRIE D S

75 % RHEME, N OIERERMNFE & ORBED 7 %
WREME, ML QLo B ELEE L LT h
Ehonitnwtdsd. ZEOMANL 72 —icxt

LIS TR T REHETH S

LA 1IC-Ro 15-1788 K & kv o CT # 4 (3 JE
R OLRBRETH Y,
TEE s L —JIEICKERAKRT Vv L
FLohklEzZLRE.

in vivo X /Y

V. &8

) EWHAT T4 T ISHEXRLELT VUC
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M BSOS X o T O
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KIEEBEIZ T - L bRV D AR RS i,

3) b b= — %205 O AU T D NN
ML in vitro ORRBICE DRV U T EE L -
L FE =D EHIET 2 L0 TH - 7.

4) fAFNdER Ty bu— L HIBR L bl L~
L= — e 1% 20 S OB IS I 1 S KK B o
TRHE X 20~309%, I TR L 7.

5)  1Eflic TG SR b L—HF — DK
DRI HE S h .
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Summary

A Study of Benzodiazepine Receptor in Human Brain Using
11C-Ro 15-1788 and Positron Emission Tomography
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National Institute of Radiological Sciences
Address correspondence: Dr. Hitoshi Shinotoh
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9-1, Anagawa 4-chome, Chiba-shi 260, Japan

A study of benzodiazepine receptor was per-
formed in 15 healthy normal volunteers using
carbon-11 labeled Ro 15-1788 and positron emis-
sion tomography. The brain kinetics of 11C-Ro 15-
1788 showed a high uptake of the tracer by the
brain, the maximum of which was within 20
minutes. The early distribution of the tracer after
injection showed a regional distribution similar to
that of any perfusion tracer with high activity in
the cerebral cortex, the basal ganglia, the thalamus
and the cerebellum. The peak of the radioactivity
was reached earlier in the basal ganglia, the thala-
mus and the cerebellum than in the cerebral cortex.
The accumulation of 'C was highest in the
cerebral cortex, moderate in the thalamus, the basal
ganglia and the cerebellum and low in the brain
stem at 20 minutes post-injection. The distribution

of the tracer at 20 minutes post-injection was ap-
proximately parallel to the known distribution of
benzodiazepine receptors (Bmsx) in human in
vitro.

Cold Ro 15-1788 was administered with the dose
of 0.3 mg/kg, 0.5 mg/kg and 1.1 mg/kg in three
volunteers 30 minutes prior to injection. The radio-
activity in the cerebral cortex were reduced to 48 %,
22%, and 319 of those in the control experiments
respectively.

About half of the injected tracer was excreted in
the urine at 1 hour after injection.

11C-Ro 15-1788 is a potent radioligand to study
benzodiazepine receptors in vivo in human.
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