A Study on Regional Cerebral Blood Flow
Measurement by N-Isopropyl-p-[I-123]
Iodoamphetamine
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MInFREREF & LTD N-Isopropyl-p-[I-123] Jodoamphetamine (IMP) DHERERIME 21T\,

A AYeHNATEEEY YL T 5 b vy s CT (SPECT) 2 Xk % BFRIMEHIEE» XK
L, ZOEFRNERE2EIT 2 BN TUTORE 2To7%. EXEBLURMEEET VI v T IMP O
F—NIVF T 7 4 ETF, 74 VABEDT 4 V502 & D MMKBEEEH Ui, ZOME IMP #
EEIC L DM EIHERE SN TOBEE X —F Lk, EEAEED IMPHEEOENSHEERA
Rize 2B, 15 REMBCMAN8.5%ERLL. MoELERBRIRM L TH Y, REPKCIERER
Hizpot, NEERGELEH L2 L 225 I1mCi #7200, fX0.142, ff 0.178, AF 0.130, JF5 0.038,
23,0.027, £510.042rads ThH o7z, %7z, SPECTEBRALT, LB RFEIC L2 TEM T2
77y N NEBREIToN. Hreh AT EER SPECT #E Ti3, &EE 0.43 kcounts/uCi/ml/sec S EEE
16.4mm FWHM (ki) TH o7z, V> Z#HEH SPECT B T B 2.9 keounts/uCi/ml/sec, 5
fERE 11.4 mm FWHM (k#) Th-o7z, L L, HKETEEEEREIXHER L 12 20 £Ci/ml £ TOH
BETRFTHY BAMMKOERFERALI S LE2z N, FEARBWT, EEEE, ¥5s LU
BB EIT, 2 OARIRORFMMEE 2R L 2, E?‘éiﬁb? iy, AHRETEF, TOERIRERIE, Xt
fiim—2 v P RBREEHTS & OAOKAZICMRENERD . ERABTIE, B-XEEY, R
HHEAH, FEETE, mEEREDEF, SEIMRE, Broca "ﬁh:ﬁ, Wermcke B X UEAR I MITE
METED . WA L CEBrEoeBs, HHAEE - MRATEE, B2, Wernicke H8TE
LI ERED, 2D ehs, HNEFRERZRTENZLS 232 I 8bdotk. Zh50H
I¥ SPECT %/ L CEBREMEE~ Y ¥ /2 To Rk Lo TofTH 3, BRAITRINNEREERE
42 iz st 53 B, IMP #rErkic & 2 MMM ERZE 2 MT L7, IMPBEER LD 5 SHERESRNO Y
Za—Uhk, RHEEIIRIMEEN %17\, reference sample ¥IZHEVRIMFTH#EHE 2 EH L 7z, 53 BIORIE
TE SN M FE R 11~40 ml/100 g « min. WML B MR ETH o7, £, 35BN
REWEr L TEGERRIC L 2 REORE R4, EAEEH (L) BEGERICERCET 28R
Wik, TRZHMELEESHSE L 8LUR 2ERLALDOB, LI=100x [14+ (R-L)/ (R+L)] &
o THEE L, TADEEAD» SBH LU LELAERROERETY L FEREER, £iP1103+ 2,
EZ7eN T T 103+ 5 Th - o, MIEREEH T, £MFT 33%, © 7 2N L DEEZEHRT 83%
CEEESLUBRERE2TTEEL2RAD . —F XBRCT TEELERNENED SN0 A% TH-
7o, IMP BRI & 2 NFi R, BOAEREORHBICBLN TR XHECT L0 HWMTH D, EEEH
Bt 2RO ZIRTTWICES 252 2 s, RFIERE~y SRR LT 20D THS, LI
Do T, FHREIEE, BERVIECLFMECOHECHOEROEEE2E T2 b0 L Bbhi.

Key words N-Isopropyl-p- [[-123] Iodoamphetamine, cerebral blood flow,
single-photon emission computed tomography.

Abbreviations : FWHM, full width at half maximum; IAP, iodoantipyrin; IMP, N-
Isopropyl-p- [1-123] iodoamphetamine ; LI, laterality index ; MIRD, medical internal radia-
tion dose; OM line, orbitomeatal line; ROI, region of interest; SPECT, single photon
emission computed tomography.
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22T, DIEEHRIREE (rads), A 13 BREHETEE
(uCi*hr), m Mo EE (1470 g) éi 3BT
H»5. AL i DfEI, 1-123 T 0.1296, 1-124 T 0.8455
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btz LT — LR NIRES 7.
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SPECT #E # F\v» TRFIMIM TG %2 FERL, &
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TELRCEEIETEI Ry P23 ZEic &
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Mz X 5 reference sample % #FA L, 3 53 BN
MM SHEE H %2 1T -7, EROANFRE, BRER,
MEERATR, MOERYE, XK CTHcLnis
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WEROEHESFER TN, 0~6FET1.6%
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Fig.1. Autoradiogram using N-Isopropyl-p [1-123]
Iodoamphetamine (IMP) in a normal rat brain.
Corpus striatum (top) and thalamus (bottom)
level sections.

Fig.2. IMP autoradigram in an ischemic rat brain
after occlusion of left middle cerebral artery.
Corpus striatum (top) and thalamus (bottom)
level sections. Arrows show low perfusion
areas.
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Table1. Time course of organ distribution expressed as percent of injected dose

Time after injection (hr)

Oragan 1.5 3.6 5.4 30 54

Brain 8.5 7.0 6.2 2.1 0.9

Lung 11.4 10.4 9.5 3.2 1.3

Liver 14.7 13.8 12.8 3.2 1.1

Totgl body 100.0 91.3 86.5 28.8 13.8
he RIFREMEERL T,

300,006

Total counts

.

Yoo \

FR‘.\
=

%!

10 2 30

Time after injection of INP (hr)

e ———
“0 0

Fig.3. Time-activity curves for various organs
after intravenous injection of IMP in a normal
subject.

0, total body; 4, lung; ®, liver; O, brain.
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Table 2. Internal radiation dose per one millicurie of injected IMP

Radiation dose

Oragan (rads)
Brain 0.142
Lung 0.178
Liver 0.130
QOvaries 0.038

Testes 0.027
Total body 0.042

Fig. 4. Sequential whole body images after administration of IMP

a, 85min; b, 3hr 30min; ¢, 4hr 25min d, 24 hr after administration of IMP.
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Fig.5. Rotating gamma.camera SPECT absoluse
activity calibration curve for I-123.
®, in aim; B, in water.
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Fig. 6. Ring type SPECT absolute activity calibra-
tion curve for 1-123.
®, in air; B, in water.
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WTIMMFE 2 EH T 2 2 & AT & S FIE e,
ENBFEEFT A, IAPLIMPR L DES I

REST

LEFT MOTOR
SEQUENCE TEST

Fig. 7. Pattern of regional cerebral blood flow

changes during left finger movement (motor
sequence test) in a normal right-handed subject.
Arrows show areas of increased perfusion.
a, transverse section OM line+85cm; b,
sagittal section 3 cm right from the midline; ¢,
coronal section 8.5cm posterior from the frontal
pole.
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REST READING ALOUD

Fig.8. Pattern of regional cerebral blood flow

changes during reading aloud in a normal right-
handed subject. Arrows show areas of increased
perfusion.
a, transverse section OM line-++1.5cm; b,
transverse section OM line+4.0 cm ; c.
transverse section OM line+7.0 cm ; d, sagittal
section 1.0 cm right from the midline ; e, sagittal
section 2.5 cm right from the midline ; f, coronal
section 8.5 cm posterior from the frontal pole.
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BINAURAL VERBAI
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Fig.9. Pattern of regional cerebral blood flow
changes during word listening in a right handed
normal subject. Arrows show areas of increased
perfusion.

a, transverse section OM line+4.0cm; b,
transverse section OM line+6.0 cm; ¢, coronal
section 8.0 cm posterior from the frontal pole.
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Flg.10. Brain mean laterality indices in various
diseases. Shaded area indicates normal value
(meanz=2s.d.).
®, subarachnoid hemorrhage; O, cerebral in-
farction; A, pontine hemorrhage; w, chronic
subdural hematoma; A, arteriovenous mal-
formation; 0, moyamoya disease.
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Fig. 11. Detectability of abnormal areas by regional laterality indices with IMP brain
images and X ray CT. Notations are the same as in Fig. 10.
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Abstract

To investigate the in vivo characteristics of N-Isopropyl-P-[1-123]lodoamphetamine (IMP)
and establish the method for regional cerebral blood flow (rCBF) measurement by IMP and
singlephoton emission CT (SPECT), some fundamental and clinical trials were performed. rCBF
values were calculated by IMP digital autoradiography in normal and brain ishemic rats. Flow
values obtained from IMP autoradiogramscorresponded well to those from iodoantipyrin method,
Organ distribution was investigated in a normal human subject after intravenous injection of IMP.
Brain uptake was 8.5% of the injected dose and there were significant accumulations in the lung
and liver. But neither eyeball nor pancreas were visualized. From organ distribution data,
internal radiation doses were calculated using MIRD schema. Brain received 0.142, lung 0.178,
liver 0.130, ovary 0.038, testes 0.027 and total body 0.042 rads/mCi. Prior to the clinical study,
the physical characteristics of SPECT were tested, including sensitivity, spatial resolution and
count lineality using 1-123 source. SPECT tested were rotating gamma camera and ring detector
types. Sensitivity and resolution of the former were lower (0.43 kcounts/uCi/ml/sec and 16.4
mm FWHM, respectively) than those of the latter (2.90 kcounts/uCi/ml/sec and 11.4 mm
FWHM, respectively). But both showed very linear response to radioactivity. Physiological
stimulation (left finger movement, reading alound and word listening) were applied to normal
human subjects using IMP and SPECT. Left finger movement activated the prefrontal cortex,
both supplementary motor areas, right primary sensorimotor hand area and right central grey
matter in right-handed human subjects. Reading aloud activated the primary visual cortex, visual
striate cortex, prefrontal cortex, both supplementary motor areas, left prefrontal eye field, Broca
area, Wernicke’s area and left angular gyrus. On word listening, there were focal activa-
tions in bilateral frontal and temporal cortices. Fifty-three rCBF measurements using IMP
and SPECT were performed on 42 patients with cerebrovascular accidents. A catheter was
placed into the radial artery and arterial blood was withdrawn continuously for 5 min. rCBF
values were calculated from SPECT, and blood data by the reference sample method. Brain
mean CBF values were distributed from 11 to 40 ml/100g/min. Brain maps showing laterality
indices (Ll) were made for detecting interhemispheric differences. Left (L) and right (R) lateral
images were made by adding the sagittal section images in each hemisphere. Li was calculated as
follows:LI=100%[1 +(R-L)/(R+L)]. The normal range (meantS.D.) of LI determined by those
obtained in seven normal subjects were 1032 and 103%5 for brain mean and each pixel, res-
pectively. Out of 46 measurements on 40 patients with cerebrovascular accidents, brain mean
LI Beyond the normal limit and areas showing abnormal regional LI were observed in 33% and
83%, respectively. X ray CT showed low density areas in 41%. rCBF image by IMP method is
more sensitive than X-ray CT in detecting the brain ischemic lesions and gives three dimensional

brain function maps. It is clinically useful to measure rCBF using IMP.




