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Production of radio-ligands with high specific activity

Kazutoshi Suzuki

Section of Cyclotron, National Institute of Radiological sciences
9-1, Anagawa 4-chome, Chiba-shi, 260 Japan

Abstract

High specific activity radio-ligands labelled with short-lived positron emitters
such as M'C, N, *0O and **F are very important for in vivo receptor studies, but
difficult to be synthesized. Following subjects to achieve high specific activity are
discussed briefly in the text, i.e., 1)automatization, 2)procedure, 3)problems
caused by high specific activity, 4)isotopic enrichment to achieve higher specific

activity.
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Table.l Theoretical and Practically Attainable Specific Activity

Nuclides Half-life Vifl}.lé%r;}fr?]lol Vafé}chg/C;rlnol

*H 12.33y 1.1 -

ne 204 m 340,000 185

11,000V

BN 10.0 m 700,000 7
O 122 s 3,400,000 -

BEF 109.7 m 63,000 5,200%

560

1) Achieved by Isotopic Enrichment.
2) Value for ¥F-
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18 MeV
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/proton I]icig: tation “1"H0t Laboratory
/ AL
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uv 11
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Pump

Fig.1 Schematic diagram of the apparatus for the automatic production of 'C-Ro
15-1788.
V1-V13 : electric valves, RV1-RV3 : reaction vessels connected to standardized
attachments with cooling, heating and temperature measuring devices
(-15C-200°C), P1 and P2 : pressure transducers, RGI1 : pressure regulator,
FM/FC : flow sensor/controller, I1 and 12 : syringes for water injection,
RS1-RS3 : radioactivity sensors, PS : photosensor, UV : detector for u.v.
absorption, Al : absorber (Askalite/P,0Os), A2 : absorber (Molecular Sieve 5A).
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Table 2 ''C-labelled Radiopharmaceuticals Produced at NIRS.

D
CH | CH
s ~ CHs s LM
CHCHN 11 CH.CN CH 1
NeH, [ N\ew, SNH'CH,
D
DMPEA DHPEA-a,u,—DZ MMBA
(N,N~dimethylphenethylamine) (N-methyl,a-methylbenzylamine)
(MAO-B Activity)

(amines disposition)

" iil nlliiil
f;l CN
F CH
—n s
I \11 (CH;)3 N
gl CH, Ney,
CNIMI
Ro15-1788 P N
. . (cyanoimipramine)
$Flumazepil) SCH23390 (Dopamine D1) (imipramine binding:site)
{Benzodiazepine Receptor) {(R)-{+)-8 chloro-2,3,4,5~-

tetrahydro-3-methyl-5-phenyl-~
1H- 3—benzazep1ne 7~-ol hemimaleate) /,11Cfﬁ
o]

C—N
N~ "eH N N
F.—<(::::>_-g~_(CP1)3*— <::::>x<rt:J 3 Iiilll /’N g ?i{CP%

CH,CH,
O Cl
NMS
i PK11195
{3-N-methylspiperos
¥ ep perone) [1~(2-chlorophenyl)~N-methyl-(1-methylpropyl)-
(Dopamine D, Receptor)

3-isoquinoline carboxamide]
(peripheral Benzodiazepine Receptor)

6L, BBRBHOETCERKESTHEAI(Ro15-1788, SCH23390, AFnrav¥ny, 7 /4

177 30 E)»30~200GBq/ pmol D ILKETRET, 2.5~13GBqBE R TRET H - 12, 2 LI,
RIS RiBR AR D CH,IZ %ﬁ%ﬁ@” h&fﬁ‘.’MOOGBq//xmol@t{:ﬁk%ﬂ‘ﬁE&:*B%’z L, *HEMSKLENT

FI00fEE O L BATRED R S NIC T LR BT 5, L L k26, 2 ORERPCOEGRN L
FETRE L ILER L 108, e 3610001%$%F§@é‘if})‘k%#'l‘iﬁﬁ??’fﬁﬁﬁwxﬁ*)i"é NTws2LPEKRL,
BETROEEY S LIIME T 100, FIAEHESE 21T 2 W& O RETEE v~ v s 3

ETHARMODEILERL TV S, 20DL ) LEIFUEEN, *"FEOE S IRIIGEERAE DS &
CHEdmLTe 5,
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Radiochemical Purity of [11C)-N-methylspiperone (%)

70

OREOAHMMORAIERT S 5,

1] o}

a {+KI)

c (NaNOj3)

O A (4KI)

50

75

Elapsed Time{min.)

Radiochemical purity of *C-NMS vs. elapsed time from the end of purification

by HPLC.

sample a-c . prepared by adding respective substances in 1 ml HPLC eluates
containing 0.4 GBq of 'C-NMS (at the end of purification). sample A-C:
prepared by evaporating the solvent of *C-NMS fraction (residue of *C-NMS
used in the preparation of above a-c), dissolving it in saline, filtrating the
solution through 0.22 um filter and then adding respective substances in the
filtrates (0.3 GBq of “C-NMS in 1 ml saline solutions at EOS). a and A :
containing 10 mg KI, b and B :no additives, ¢ and C: containing 10 mg
NaNOQO;, specific activity : 35 GBq/umol at EOS.
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Fig.3  Isotopic Separatioh of "CH4 from '*CH4 (Berger, 1983).
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front drift chamber Lens voltage 14.5 keV

Magnetic field strength  0.45T,
coil current stabilizedto  5x 10°5
Axial focusing by edge focusing

electrostatic lens

extraction electrode
High vacuum by 3 diffusion pumps,

high voltage insulator each with 550 I/s pumping speed
é — :/—’ above the baffle

: {Two cold traps cooled with
+ ’—:l@:— lon source liquid N, during the separation)

Fig.4 Principles of the set-up and operation of the rubidium isotope separator (hori-
zontal section). For the “heavier isotope”, and the “lighter isotope” only the
central lines are drawn.

A. Hanser (1989)
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Design and evaluation of in vivo radiopharmaceuticals

Toshiaki Irie

National Institute of Radiological Sciences
9-1, Anagawa 4 chome, Chiba-shi, 260 Japan

Abstract

Two important problems in developing in vivo radiopharmaceuticals, that is,
molecular design of tracer and methods of evaluation of its usefulness are de-
scribed, especially those tracers that are applyed to measurement of brain biofunc-
tions. First we characterized the model of tracers trapped in target tissue, which
model gives us possibilities to detect blood flow or abilities related with tracer-
trapping process in the brain by using tracers freely-diffusible to blood-brain-
barrier. Based on this aspect, the molecular design and experimental evaluation of
a tracer being tried to measure acetylcholinesterase activity in brain using mice
and rats are described for an example to detect biofunctions related with a

trapping-process.
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Fig.4  Radiotracers for measurement of blood flow in brain.
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Positoron Emission Computed Tomographs and Their Image Reconstruction
Methods

Hideo Murayama

Div. of Physics, National Institute of Radiological Sciences
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Abstract

This paper reviews recent major activities on instrumentation and methodology
of PET. The performance of the PET instrumentation can be expressed by four
physical characteristics, 1) spatial resolution, 2) coincidence resolving time, 3)
energy resolution, and 4) detection efficiency. The physical and technical aspects
of PET systems are briefly discussed along with these characteristics.

Toward high resolution PET the recent trend has been to design multiple rings
of densely packed detector arrays with scintillators. In order to satisfy the
sampling requirement in reconstruction, continuous detector units has been de-
veloped. [terative image reconstruction algorithms have received considerable atten-
tion for improvement of both the sampling requirement and image quality toward
the stationary PET. Better resolving time improves the maximum true coinci-
dence rate, which is also increased with more detectors placed in coincidence with
each other. It suggests that volume PET is promising for enhancement of detection
efficiency. The scattered coincidence event rate may be reduced by using detectors

with better energy resolution. The use of interplane septa, however, takes over

* SRSHRE RS A TR
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improvement of energy resolution in 2D PET. Energy resolution becomes an
important factor for image quality under the condition of septa removal such as
volume PET. Toward full utilization of emitting photons, 3D reconstruction
incorporating oblique rays has been studied, and volume reconstruction algorithms
have been developed. Practical volume PET systems impose heavy burden not
only to detector sets and coincidence circuits, but also to computers in the memory
requirements and the data processing.

In conclusion, there have been many ingenious methods in development of PET
instrumentation, which are based on unique capability of PET. They will be
expected to overcome technical limitations, and to approach the fundamental

limits.
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Diagram of various configurations
of scanning motion used in PET

PN L AMEND L, R, MOrDOFETRIEY v REBTAIEIZLD S
ORERIBEL T2,

3z, EEEOARA L LT, FATEERERFRQA), EAMKEELFRB), v+ 7Y~
27 HR(C), EEEIRFRD) 2R LI, MR v 272 2 2O a8E L T, 2h b2 KA
DI CEPT I AR, b LIRIHEFRIZEINTH Y, EHEOMRILE X
o T b,

M) 27 OEEE, BRBHED L 5 REFENELOBR L CHIEY BT 2, 20729,
BELIC3 2 THU 7Y V7 DOERMBEHI T HEPBEH SN TO 5, 12— NENCRR L
$LTH5DT, MHECA Y= AATDL ) LEKREMRBSBZHCIFEYTHL, 20O
FHiER, SRR PBL I B 2D 5, 5 121 Y 7 MULHET, H6» Ukl
BEFL) 7 ECHEMBLEMNE L TH s, ERFERCEREDR 7 VD) Xak e
%9,

BAETWZRB) v 7UPETEEVE R L, 3IKCPETHEBRY*ASH BN LI LTS
2o COBACHEL 22D, Kl mOEMSHIES L CEREO—FETH L, bW
W= AR Y 2 — LR BB B, KFROEERITILEY DL, 0T, 2AT74
AETY A7) V7 EQEEYTAHRTIWEEY_EL Lo, FBRERL L TIk—
BAFI L5, 2RV ATARATETOEEXITOLECHFRPE S L, BIGELE T v
) XL DERPAFEI NS,

20



3 PETHEE & BRFAE

2.3 FRIECEEGEERE

BUGERR 7 v Y KT, 37, #EE LCE G CHEERE T — X 235 TERL, 2
NPRERET— X LT 5, K2, 20ERMO»OFETHHE L, HEEBBGEOEELXTT
5, UEOBIEPRIET 22 L2k Y, MEEBRPEOBEBIGESY LS LT 5, BUGIEE
OEREREREE, BB L) v ZOMBCHEE 6T, EEmM LR A HERE L THK
EFEHSNOOH B, Thb LT EEHESL Y — ) ZBRE L RL Y, B2 OLRK
BmeEmzong I b, AREZIERET—ZOMP» 6 THEEVPHER TS 22 L E
VEORETH 5,

R, MEERAAL 7 v =27 ) X2 (EMEN, PORMEDEBEERCRE S N Tk b, BUGEEE
ROBMP HECAER T — F OBANCHE L L2 2 LR, CTNOBEZRMES AL 6
RO EDPRFESNT V3, Ld, BT —X9RT Y UaMmItied o 5 REHRFTI O %
Rz b AL T2 DTPET~OEMARCICRFS s, Lo L, EMIEQIURILE (, 15
L EOBRIGE A B BB LT 2720, POREIMET 5 120 DUGEED (O EEINT
B, 74NV REFRKSETRER 7 v Y R AFIRAEZ 2D—>TH b, BUGEME K 2
~ 4 T4 BRIF s B (R 03 R G L b

—7, BHEMOREABO MR 2130 5 120, RERARKEL 7 v =) 2 L (ISRAEY
PIEINTV S, ZOHER, AERYT— X OSEEEGRPIEECIL Ty, HERws
— X DI L o TR S tfciE S mig b I3 5 5B H 5. RERIRRZR
ERMMSIRTED S 2 O—FET H 5, 3RITHET — X OB, T OKINE SRR OK &
BL VAT KRELLRA2DT, #iBT 5 3RICPETICH L TIISRAEVEFZ L5 5D L

Fig.4  Original image of the 2D phantom in (A) and the reconstructed image by using the
Shepp-Logan convolution method for noisy data set with the total count of 1Xx10°
in (B) ; reconstructed images by using the EM of n=20 in (C), the FIRA of n=4 in
(D), and the MSIRT of n=20 in (E) for noisy data set with the total count of 1X
108,

21



s T 59,

B4, fEM I av—ra il d - TEFEOFEREGR T LK L 122 RTY, KOA
Bylav—vaVCHHLRBERNZ 70 o ThH b, BET—XUEIHEHELE S, 25
BAEIEH 1 X100 Lic, 2T —xiox L, BEEMOE EMiEM®=20), FIRAEH®=
4), MSIRTEH(n=20) % Z L ZF@EH L THICEED, B, C, DI LUFETH 2, nid&KE
P F BT 5, BUGEUIERERERER, BEEESE I THEREGR OIS
HElenTs b, BEOHMEVR G NS, FFi, EMZER 2— v FHEBNTOMRE 2 2 5 205%
DRECIEFRDLNE,

BUGEPEI 7 v =Y DRI, FHEEEPECILTHE, Ly L, BolOFrEEHIN
DAESHEPRANSL Z L2 Y, EANLARIGELEG SR SEREELEELED LD
DH B,

2.4 BEFIZ b

PETE#BAOKRHEE L= v b OBIRE 5 (TR12720, BIEFLRGR L& BERZERT 512
DIz, PMIOY L Fr—XeRBEEINT ATIRIDELEINSG, YU Fr—&R LEEHEAS
¥ RETFREEO/NCRBRYEDH 2720, BREOLEFHET I ZALI b KEDEZ -
NIy FU—REHARDET, BBy M ET ROV ENLE Lo TE, v Fr
— X DHBNL, REFHEEEOLN VAL EEINT 5L EDMO»OTRPLINT B,
Lkt POMESIZL D, TRETICHRE S RS DORE N I EEIET2. 6mm
Thr2,

>

PMT
te
Nol(TH)

]

Fig.5  Representative types of coding schemes of detector units for PET systems.

22



3 PETE : B{SFEMRE

PETEEHL LT, FAROEEFBEEVHREINA LI koTa e, 2L, 1ART
4ARGORE R T 5B FHEEVHAES NP, I OXREFHEER, 6 mmigo/h s v F
VR A OWMERIT A I LHETH Y, HmUBRBMEL L oMb =y PR T &
b ZOMMEEL=y M FCICEAPETEE I, HEMRIHRIE A ST C L6 & 39
LTwBEIATHY, ZHDMEREIEA T A AT HEIE3. 5Smm, A5 EITS. /Tmm##5T W
52,

PET#E O &SRB ILE L5 b 5 1 DOMESR, 207 VEELC & sy v Fr—
Z~DlFNAA L, HRBESHROR D AGHC & 2 EHOHL, L CREDHBOERTTH %,
COMBEEEET RO YU FL—RREIISAZEDU A FRAPREES LTS,

3 ERESAERE

PETHE T FIRFHERIZE CHET &, — X OHBRGHRY Z L iURIN 3 N 5., Z DR
HO#E(TOFHHR) ¥ +4 LHETHIE T & L, EREHEROEE LTS 2 b & ( RIZHEL
Bonsd, Ly L, BHEICWEBaF, > vy Fr—ya vl T 60.3ns & Y BRI Fef 5 i RE 1L 45
<, 5cemAREDZEMOMFRE L »IAIRFT s 4w,

—ikiC TOFRPET & &, &% OCTEGFERIZCTOFE®REMA 2 2 L2 4 b, EHOD
S/NIOmEZDSTEEDZ LTH 5>, @HOPETEE TSR OROEAMN I »—E
LowxtL, TOFRPET TR TOFEREHCREAMN IV L3NS, 2D, FefofEaE
B L TR EOBENRINL, EEPmLET 5, 2700, I ORBIEREIIRIRS 1 O
DUNS USRI B R T, —ARRED RS 0T A G AR Y D 52,

REF W RRED S 726§ b 5 1 ORI, SRERRFIBROBMT D 5, 7k ke o
BE, REBED D 7 VEHRE LT, BRRRRIEERR,,

RA: 2 ‘Z’Rsz ( 1 )
TEbaNhs, —F, RORKRIHEER I,
Ry = kR, (2)

2T, WBIEREGFRER O D I R E AR A IRET B, Ry REEL 2 51
T B FIBFH R ORAME Raax £ BT UL,
Ruax=Fk*/2 T (3)

ERE b, BRSNS CIE E EORIBEHRO LRI H L, BEORELX PN L, —
ik, BGO v F v — X TR BEED 5 nsfRETH b, 3 6 BURMSMHAEZ I L v L
IATHB, 12170, InsbATik 5 L lE QOERFERERECIRROME & 5 RATHER 2
DEROURBBELEL B2 D 5, ()R 6T, r2/ha8 T3 HEUNMCREKRS
(TaFRELOLNSE, ThiE, FOZRORFOIDMBEIKRE (, BT 5 3UITLCRY
2—2)PETOH B2 EMI TV 5,

23



4 TFIF—ofEaE

A T OWESMORSIIE 6 IR T & 512, 22 KME 3, ROEHIL, 511keV
DHBIKEFHRED S v Fr— R CAB LTRSS A CHY L, 51lkeVO 7 4 b —2 L 2
ST MR L BEZANF DAY G FNRG N B, R, 511keVELF OEGELE
PR S NICHA YU T 5, fiE-> T, BEURZPBRET 2 LQRESHIPRLETHY, 20
ANE—LSCEEFELTHIEPEL L0,

7 PE—2DARFHERT 5018, BRI ANV —SHBEPLETH 5, BUROPETEE
T, MEBERY) V2B ATA A=V P RHATH I LIZL Y, BELIROBRERITD 2 L7
—TH 5, Thidk, Ry LAy —afierm L2 L LRIUCAEERY b 22,

HOFFFFHEE R T 2 BELRRIREH R RO LS, SEMARTEDb NS,

S=R/R:=f/X (4)

I, XEATARY—= VORI THY, FREZANFEF—L 5 CEICKTET A HIEHTH

>

2RITEPETEETI, A4 A — v FORHIZL Y, ZANVE —SHREDES ¥ 32 EH
LT RENR L CIRIRCHA B, Lrsis, KT 5 3KTLEGRY 2a—2)PETOL 312254
2y =N RNERET BHAE, TANVF —SFREDOREVEEOES CRKs LREY LI206
TTHA5,

1000 , ‘ :
800 -
@ 600 - -
=
o
O 400 . .
/// \\\\
/ \\\
200 -/ N -
/ ~
~N
0 | [N )
0 200 400 Y 600 800
511
ENERGY (keV)

Fig.6 . Energy spectrum of 511 keV primary radiation (solid line) and typical scattered
secondary radiation spectrum from the patient (dashed line).
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Table.1 Properties of scintillator used in PET

Nal(Tl) BGO BaF,

Atomic number 53, 11 83, 32, 8 56, 9
Density (g/cm?) 3.7 7.1 4.9
Decay time (ns) 230 300 0.8
620

Resolving time (ns) 1.0 2.5 0.3
Light output (relative) 100 15 6
Energy resolution (%) 7 15 13

Attenuation Coefﬁg?rlltkev, o) 0.34 0.9 0.47
Detection (ei%ffi:i;e?gi};k crystal, %) 64 o 7
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Fig.7 Diagram of coincidence lines ; (A) 2D PET with septa in, and (B) 3D PET with
septa removed.

IR — X iR L T 2 huC 3IRICHIIE 7 4 v X 2 F U 5 HIEBKFIL)TH 5, BKFILEE
T, 74 VRBIEVEELOTEHERMO ETRENTH 5, FILBKER & b ILHIH 2 7 v
Y XL B EUEIEEYH B,

HWEDQRY 2 —LPETEBE TR, WREOEARPHERT 572912 4 2D 23FA ¥ AIEH
FLT2Z2LRTERC, 20L& RHADORY) a— 2PETHBEGBFHER T v=) Ao bRE
ANTL A, TN 6DOHETRERFEZAELEAGLE T L D0 O/NEBICGY 5,
AR S L 3RTCHEGERER 1T LR, ZROOBEMEEMC»OBTAERL, HREFP
DENGECREBCBEY b 2 3RTEIR P ERT 2, 8RO ZBRPETEZEDOR 7 4 2 ¥ —w
F#BEL, FRO7TAITY XL 2@HAT 2R84 bN0LTH 03, ObIX 2T E 3RTOH
MIBPETEB LALT I P T & 5,

RY 2 —sPETTI, %7 — 2o kL k2 EMCH b, EIRFERER D 2D OFHEFEE
HEDI=aUCa—RTRES P IBE R, 2O, FEEEEOBEDAL 6T,
HEFEOA— S —2 ¥ a—RIILHT AT —2 AT — a YHREL LD, 5, ISRAKED
£ 3R Y a— 2PET U HF L BYGEMR B ERERIE L FIHT 2 03, FHOGRERS®
HET2VEPDHH S,

561, A4 RAY— NOBRFEZ LY, EORKEERO AL o THELRIBET B R R R
SHEEAT 2700, FHCEREORMEDOALGT, ITNLOMERZRELLUAELL LT,
FRT < E R Z O,

6 ¥

PETO#E & & CEGEEHERECET 2H Lo FERO WL o0 2B L2, BURGEUE T
w=Y Xn, PETHBE 2= b, PETHY v Fuv—4%, R) 2—4PET L 3WkCEGEERE
7Y RAEQRE A L TIEREZPHES 272D LHIROFETY 2 ALY 5,
L1z, RY 2—APETH, f6R0 2 KGEPETTIX B IR i 1M O L BIBES £ 1

26



3 PETZ® & BEREFHAR
TR 3 50D, FREEMLIERER LDV TS 2,

PIBCR~7e#H L e FERCIBEL T 201, aBFOR L 2 FHEOEMATIE L {, PET
HEOMBEY» GWHEL Tx Y, PETHHOFERE L TREIN TV R L IRTH B, fER
D 2RIEPET T, FEFCXBCTOHEROEA S LARBMLERETEPZL REZY LN
720 2D, ARPETOR DB PRI L T RAT 2R INBEETEL, 20
AT LD ETIEBEORBENE LR LIC CHEDY H - 12,

FLOFEROERPED B2, HAOSAT 2B LU TRATFSL I LD £,
PETEGROEOm LE>»LLOTHNE, PETORAHEZTLAR AT LOREL 2TV,
A—=r¥=2 Y a—R I EOEFHOKMEEBRIEATLE»DH B, £H LR, &k
LY VIEECEMGTD AOWB TP BT D 5,

RNY 2a—LPETOBBE DO TIRR—HIEER L H 525, BORTIRBEC AR ) 2 —4PETOR
FAZE T, RO OWFET N —FVEHR LI R LRI T b, ZORRICEITCT, H
D 2RITPETRHA L, 2L E 3SRTOHPHEPETEE XA 283 b D5, HERIH
ThH, APHLOIEA Y b7 —2 PR L, T AR PBBAL 2270, Y 2 —4PET
DEBIEDC > RIERRAHSRETREEPETH A S, HIROPETEBEDHREL, 20
£ BHFERREOMBOPTHRES P LN TV D EHFS RS,

SE B

1) BED2, 8aRE, LRSS, MUSFEHE, Bhdd— R e CTOZEMGREDRR, Med.
Imag. Tech., 3, 81-86, 1985.

2) Muehllehner, G., and Karp, J.S. . Positron emission tomography imaging~Technical considera-
tions. Seminars in Nucl. Med., 16, 35-50, 1986.

3) Yamamoto, S., Miura, S., lida, H., and Kanno, I. : A BGO detector unit for a stationary high
resolution positron emission tomograph. /. Comput. Assist. Tomogr., 10, 851-855, 1986.

4) Muehllehner, G., Karp, J.S., Mankoff, D.A., Beerbohm, D., and Ordonez, C.E. : Design and
performance of a new positron tomography. IEEE Trans. Nucl. Sci., NS-35, 670-674, 1988.

5) Tanaka, E., Nohara, N., Tomitani, T., Yamamoto, M., and Murayama, H.: Stationary
positron emission tomography and its image reconstruction. [EEE Trans. Med. Imaging, MI
-8, 199-206, 1986.

6) Shepp, L.A., and Vardi, Y. : Maximum likelihood reconstruction for emission tomography.
IEEE Trans. Med. Imaging, MI-1, 113-122, 1982.

7) Tanaka, E. . A fast reconstruction algorithm for stationary positron emission tomography
based on a modified EM algorithm. IEEE Trans. Med. Imaging, MI-6, 98-105, 1987.

8) Daube-Witherspoon M.E. and Muehllehner G.: An iterative image space reconstruction

algorithm suitable for volume ECT. IEEE Trans. Med. Imaging, MI-5, 61-66, 1986.

27



9)

10)

11

~

12

~=

13)

14)

15)

18)

19)

20)

21)

22)

28

Murayama, H., Tanaka, E., and Nohara, N. . Comparative studies on various iterative image
reconstruction algorithms for emission tomography. Med. Imag. Tech., T, 315-333, 1989.
Danbe-Witherspoon M.E., and Muehllehner G., | Treatment of axial data in three dimensional
PET. J. Nucl. Med., 28, 1717-1724, 1987.

Jones, W.F., Byars L.G., and Casey M.E. : Positron emission tomographic images and expecta-
tion maximization : A VLSI architecture for multiple iterations per second. IEEE Trans.
Nucl. Sci., NS-35, 620-624, 1988.

Derenzo, S.E., Budinger, T.F., and Heusman, R.H. : Imaging properties of a positron tomo-
graph with 280 BGO crystals. I[EEE Trans. Nucl. Sci., NS-28, 81-89, 1981.

Drenzo, S.E., Huesman, R.H., Cahson, J.L., Geyer, A., Uber, D., Vuletich, T., and Budinger, T.
F. : Initial results from the Donner 600 crystal positron tomograph. IEEE Trans. Nucl. Sci.,
NS-34, 321-325, 1987.

Hoffman, E.J., Phelps, M.E., Huang, S.C,, Collard, P.E., Bidaut, L M., Schwab, R.L., and Ricdi,
A.R. . Dynamic, gated and high resolution imaging with the ECAT 3. [EEE Trans. Nucl. Sci.,
NS-33, 452-455, 1986.

Murayama, H., Tanaka, E., Nohara, N., Tomitani, T., Yamamoto, M., and Hayashi, T. : Twin
BGO detectors for high resolution positron emission tomography. Nucl. Instr. Meth., 221, 633
-640, 1984.

Roney, J.M., and Thompson, C.J. . Detector identification with four BGO crystals on a dual
PMT. IEEE Twans. Nucl. Sci., NS-31, 1022-1027, 1984.

Dorenzo, S.E., Budinger, T.F., and Heusman, R.H. ! Detectors for high resolution dynamic
positron tomography, in Greitz, T., Ingvar, D.H., and Widen, L.(eds) ; "The Metabolism of the
Human Brain Studied with Positron Emission Tomography.”, New York, Raven Press, 21-31,
1985.

Nutt, R., Casey, M., and Carroll, L.R. | A multicrystal two dimensional BGO detector system
for positron emission tomography. IEEE Trans. Nucl. Sci., NS-33, 460-463, 1986.
Burnham, C.A., Kaufman, D., Chesler, D., Stearns, C.W., Wolfson, D.R., and Brownell, G.L. :
Cylindrical PET detector design. IEEE Trans. Nucl. Sci., NS-35, 675-679, 1988.
Muehllehner, G., and Karp, J.S. | A positron camera using position-sensitive detectors ; PEN
-PET. J. Nucl. Med., 27, 90-98, 1986.

Derenzo, S.E., Huesman, R.H., Cahoon, J.L., Geyer, A.B., Moses, W.W., Vber, D.C., Vuletich,
T., and Budinger T.F. : A positron tomograph with 600 BGO crystals and 2.6mm resolution.
IEEE Trans. Nucl. Sci., NS-35, 659-664, 1988.

Hayashi, T. . New photomultiplier tubes for medical imaging. IEEE Trans. Nucl. Sci., NS-36,
1078-1083, 1989.



23)

24)

25)

26)

27)

28)

29)

30)

31

~

32

~

33)

34)

3 PETHEE & BGEmas
Yamashita, T., Uchida, H., Okada, H., et al : Development of a high resolution PET. IEEE
Trans. Nucl. Sci., NS-37, 594-599, 1990.
Cho, Z.H., Juh, S.C., Friedenberg, R.M., Bunney, W., Buchsbaum, M., and Wong, E. : A new
approach to very high resolution mini-brain PET using a small number of large detectors.
IEEE Trans. Nucl. Sci., NS-37, 842-851, 1990.
Ter-Pogossian M.M., Mullani N.A., Ficke D.C., Markham J., and Snyder D.L., : Photon time
-of-flight-assisted positron emission tomography. J. Compui. Assist. Tomogr., 5, 227-239,
1981.
Tomitani, T. : Image reconstruction and noise evaluation in photon time-of-flight assisted
positron emission tomography. IEEE Trans. Nucl. Sci., NS-28, 4582-4589, 1981.
Mankoff, D., and Muehllehner, G. . Performance of positron imaging systems as a function of
energy threshold and shielding depth. IEEE Trans. Med. Imaging, MI-3, 18-24, 1984.
Moses, W.W ., and Derenzo, S.E. : Lead carbonate, a new fast, heavy scintillator. JEEE Trans.
Nucl. Sci., NS-37, 96-100, 1990. ‘
Defrise, M., Townsend, D.W,, and Clack, R. : Three-dimensional imaging reconstruction from
complete projections. Phys. Med. Biol., 34, 573-587, 1989.
Murayama, H., and Nohara, N.:. A computational feasibility study of three-dimensional
positron emission tomography in nuclear medicine, in JAERI(ed) ; "Proceedings of the first
international conference on supercomputing in nuclear applications (SNA ’90), March 12-16,
1990, Mito, Japan”, Nucl. Energy Data Center, 404-409, 1990.
Cho, Z.H., Ra, ].B., and Hilal, S.K. : True three-dimensional reconstruction (TTR)-Appli-
cation of algorithm toward full utilization of oblique rays. [EEE Trans. Med. Imaging, MI-2,
6-18, 1983.
Rogers, J.G., Harrop, R., and Kinahan, P.E. | The theory of three-dimensional image recon-
struction for PET. IEEE Trans. Med. Imaging, MI-6, 239-243, 1987.
Defrise, M., Kuijk, S., and Deconinck, F. . A new three-dimensional reconstruction method for
positron cameras using plane detectors. Phys. Med. Biol., 33, 43-51, 1988.
Townsend, D.W,, Spinks, T., Jones, T., Geisshuhler, A., Defrise, M., Gilardi, M.C., and Heather,
J. . Three dimensional reconstruction of PET data from a multi-ring camera. IEEE Trawns.

Nucl. Sci., NS-36, 1056-1065, 1989.

29



4 PETT7T— 77 «: HLPOREA— b 7
AT T T AR EATHIETENDIBH]

" e

PET Data Analysis . Application for Stimulation Study Using Intravenous H,@O
Autoradiography Method.

Iwao Kanno

Department of Radiology and Nuclear Medicine Research
Institute of Brain and Blood Vessels-Akita, Japan

Abstract

Theoretical principle and data analysis for PET study using intravenous H,*0O
for measurement of cerebral blood flow (CBF) was described with emphasis on
stimulation study for psychophysiological test. In order to improve signal-to-noise
(§/N) ratio in CBF images, optimizations of the scan procedures and data analysis
were examined. Optimal scantime of autoradiographic image to provide minimum
S/N ratio was determined 90 to 120 sec. As increasing full-width at half-maxi-
mum (FWHM) of smoothing filter for reconstruction, the image noise (standard
deviation, SD) reduced more rapidly than signal loss due to the partial volume
effect (PVE). Phantom experiment showed that the larger the FWHM the higher
the statistical t-value. Finally, anatomical standardization based on anterior-

commissure posterior-commissure line in Talairach atlas was described.
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SCANTIME vs S/N RATIO
(simulation study)
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Fig.1 Relationship between accumulation scantime and signal-to
-noise (S/N) ratio in H,'*0O autoradiography method evaluated
in simulation. As increasing cerebral blood flow, the scantime
at which highest S/N ratio was obtained became shorter. Along
the CBF level of the gray matter, the scantime between 90-120
sec gave the highest S/N ratio.
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SCANTIME vs S/N RATIO
(human study)
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»

2F Signal = CBF mean .
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O L 1
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Fig.Z  Relationship between accumulation scantime and signal-to
-noise (S/N) ratio in H,"0 autoradiography method evaluated
in normal subject who was repeated 6 times H,*O autoradio-
graphy method during at rest listening to white-noise. As
increasing the scantime, S/N ratio of the white matter was
monotonously increased, but that of gray matter showed peak
at 120 sec.
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FWHM vs ROI Value of Point Source
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Fig.4 Statistical t-value obtained from
properly designed experiments.
Using a cylinder phantom contain-
ing small cylinder rooms with
6-36 mm diameter and filled with
BEF and %Ga solutions, 20 scans
were performed twice one hour
difference (top and middle lines),
each corresponding to rest and
stimulation state. From the two
sets of scans unpaied t-map was
calculated (bottom line). Image
resolution was varied from 8mm
to 18mm in full-width at half
-maximum.

t-VALUE vs IMAGE-FWHM
(multi-cylinder phantom)

4
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Fig.5 Statistical t-value as a function of image resolution evaluated
from experiments of Fig.4. The t-value was increased even
when full-width at half-maximum exceeded the diameter of the
small circular spot.
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Original PET images, reconstructed
| PET images parallel to AC-PC
| plane after standardization to
| Talailach atlas.
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Looking Forward to a PET Scanner Designed for Non-human Primates

Keiji Tanaka

The RIKEN Institute
2-1, Hirosawa, Wako-shi, 351-01 Japan

Abstract

The cerebral cortex of non-human primates has been divided, mainly by ana-
tomical techniques, into an enormous number of areas. We are looking forward to
a PET scanner designed for non-human primates, with a hope to determine active
brain regions when the animal does various cognitive tasks. This measurement
with PET can be combined with single cell recordings and anatomical tracer

studies in non-human primates. Another big hope is to detect a change of active

regions as the learning advances.
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Receptor studies in biological psychiatry

Yutaka Fujiwara

Department of Neuropsychiatry, Okayama University Medical School
Shikata-cho 2-5-1, Okayama 700 Japan

Abstract

Recent advances in the pharmacological treatment of endogenous psychosis
have led to the development of biological studies in psychiatry. Studies on neu-
rotransmitter receptors were reviewed in order to apply positron-emission tomo-
graph (PET) for biological psychiatry. The dopamine (DA) hypothesis for schizo-
phrenia was advanced on the basis of the observed effects of neuroleptics and
methamphetamine, and DA(D,) receptor supersensitivity measured by PET and
receptor binding in the schizophrenic brain. The clinical potencies of neuroleptics
for schizophrenia were correlated with their abilities to inhibit the D, receptor,
and not other receptors. The clinical features of each neuroleptic were character-
ized according to differences in their affinities for receptors such as those for DA,
serotonin and noradrenaline. The ¢ receptor, one of the opiate receptor subtypes,
was expected to be a site of antipsychotic action. However, the potency of drugs
action on it was not correlated with clinical efficacy. Haloperidol binds with high
affinity to the ¢ receptor, which may mediate acute dystonia, an extrapyramidal

side effect of neuroleptics. Behavioral and neurochemical changes induced by
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methamphetamine treatment were studied as an animal model of schizophrenia,
and both a decrease of D, receptor density and an increase of DA release were
detected. The monoamine hypothesis for manic-depressive psychosis was
advanced on the basis of the effect of reserpine, monoamine oxidase inhibitor and
antidepressants. [*H] Clonidine binding sites were increased in platelet mem-
branes of depressive patients, whereas [®H] imipramine binding sites were
decreased. This change was correlated with the severity of depression. The
GABA, receptor is the target site for the action of anxiolytics and antiepileptics
such as benzodiazepines and barbiturates. Excitatory amino acid receptors play
important roles in memory and convulsion. Recent developments in molecular
biology techniques have revealed the structure of receptor proteins, which are
classified into two receptor families, the G-protein coupled type (D,) and the ion
-channel type (GABA,). In the future, the relation between psychosis and receptor
abnormalities, which may be detectable by PET in the living body, is expected to

be revealed at the gene level.
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Table.! Two syndromes in schizophrenia

Type 1 Type 1I
Characteristic hallucinations, affective flattening,
symptoms delusions, thought poverty of speech,
disorder(positive loss of drive (negative
symptoms) symptoms="the defect
state’) ,
Type of illness in acute schizophrenia chronic schizophrenia
which most commonly
seen
Response to good poor
neuroleptics
Outcome reversible ? irreversible
Intellectual absent sometimes present
impairment
Postulated increased DA ? cell loss and structural
pathology receptors changes in the brain

(Crow et al. 1980)

Table.2 Possible relationship between symptoms of schizophrenia and neurotransmitters

Groupl. anxiety, restlessness, delusional mood, psychomotor | noradrenergic
excitation

Group2. hallucination, delusion, formal thought disorder, | dopaminergic
stereotyped behavior
Group3. autism, poor rapport, affective flattening serotonergic (?)

(Otsuki, 1977)
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%3 Potencies of various antipsychotics in inhibiting specific [*H] haloperidol and
(-++)-[*H] 3-PPP binding to rat brain membranes

[*H] haloperidol (+)-[3H] 3-PPP

DRUG 1Cea (M) ICoolnM)
Bromperidol 4 6
Haloperidol 4 4
YM-09151-2 7 27
Reduced-haloperidol 15 15
Perphenazine 68 ND
Fluphenazine 78 ND
Timiperone 110 82
Penfluridol 120 64
Y-516 120 79
Pimozide 170 390
Propericiazine 190 170
Chlorpromazine 240 ND
Clocapramine 350 ND
Carpipramine 400 ND
Zotepine 1270 >1000
Thioridazine 1050 ND
Levomepromazine 2720 ND
(-) -Sulpiride >20000 >1000
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(Kazahaya et al. 1989)

Fig.1 Effect of methamphetamine (4 mg/kg, ip) on dopamine levels in striatal dialysates
from rats pretreated with methamphetamine (4 mg/kg/day, 14 days, n=5) and
from saline-treated control rats (n=5).

The data are expressed as percentages (mean+SEM) of the mean of 3 successive
values immediately before drug administration.
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% 4 Platelet *H-clonidine(CLO) and *H-imipramine(IMP) binding in depressed
patients and normal controls

Depressed patients Controls
*H-CLO n=14 n=14
Bmax(fmol/mg protein) 48.40+16.98 35.72+9.66
Kd(nM) 9.32+2.52 7.21%£2.32
*H-IMP n=12 n=16
Bmax(fmol/mg protein) 544.88+70.17 633.84+177 .54
Kd(nM) 0.839+1.215 0.728+0.199

(Takeda et al. 1989)
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Fig.2  Models for the transmembrane structures of the G-protein coupled receptor (A) and
the ion-channel linked receptor (B) with respect to the lipid bilayer.
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Basic kinetic model.
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Fig.1 Basic kinetic model for receptor mapping tracer.
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dF/dt=1F % Co—hy % F—ky % Cop+ Ry %k Cop— ks % F 4k % Cog (1)

dcns/dt:ks*F‘ks*Cns (2)

dcsp/azt:ks*F"k‘z*csp (3)
2T

Co: 77 R=HD v A4 —RE,

F s OIEREA b v A —IREE,

Gis T FREIGRES b v A —IREE,

Cop - FRRIGEES b v A4 P —IREE,
Day =X N TH5b,

ki, RS O A~ DOHBIED ST A~ Th v, KL V4> ¥ OBBB#MIE LY
MLTVwaEEZONS,
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YOS 2 EDVHREL 1 B,

ot s, ORI
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Brain ROI
P k1
e
Cp(t):
Free k2
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in =
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(e
k2c
|
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Ki1=klc, k2=k2c, k1,k2>>k3,k4
Cex(t) 5 Ccbi(t)

Fig.2 Schema of reference method.
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Fig.3 Schema of non steady kinetic model.
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Present Status of Receptor Study Using PET

Toshiro Yamasaki

National Institute of Radiological Sciences
4-9, Anagawa l-chome, Chiba, 260 Japan

Abstract

Initially, PET studies focused on the regional organ perfusion and energy
metabolism. But the recent upsurge in interest in PET studies seems to be due to
success in the noninvasive measurement of regional neuroreceptor binding in the
brain.

Using PET scanner and ligands labeled with positron emitters, many kinds of
neuroreceptor such as dopamine D1, D2, serotonin 5H-2, opioid, benzodiaze-
pine, muscarinic cholinergic receptors have been possible to measure.

Since 1984, benzodiazepine receptor binding in the living human brain have
been studied using *C labeled Ro15~1788 in our institute. In 1987, in addition to
benzodiazepine receptor studies, we started dopamine D2 receptor and antidepres-
sant binding site studies using *'C labeled N-methylspiperone and cyanoimi-
pramine respectively. And now dopamine D1 receptor studies using *'C-SCH
23390 are being carried on in addition to the above.

In this presentation, a couple of data gotten in our institute with regard to aging

effect on receptor binding, and typical PET receptor study data from other

- HHRIE R ST
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institutes were shown. Besides these usual tracer studies, examples of satuturation
and displacement studies were shown, which results showed a specificity of these
receptor studies.

The most conspicuous feature of PET receptor study is to be an in-vivo receptor
technic. And receptor measurement is one of the most important modalities in
brain science, psychiatry, psychopharmacology and so on. Receptor study should
be done not only in vitro but also in vivo. And discrepancies between in-vitro and
in-vivo data might be the most important phenomenon in clarification of some

pathogenesis.
1. EL®HI

R 2R E LIcr 2 7 X2 —EE I RY v YCTPEDIZ & » TiTbn s, Jk
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Jrb iz aUC-N-2F 2o »(NMSP)ORE L WP H7Z F— I 0D2v 2% —
DRIELHETH 52, AR rvid7Furx, YROVGEFRRTH 225, RRKDO LD E L
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D2ve7?X—QRELZHCOLRT VS, ZRAVz—FTr-Fhul) 2 HF5EfrdFarde, L.6
X D RUF A FROVCHEFRY > K5 2075 4 FH19854E 2B & 1, AKIZISH 3
NTVLB,MC-7 270774 Nide MEFRTES» SRR EWRB L CHE L, ZORAIR
WP ET AR EDOR A>T 5, Dive7X—iZ2 0Tk, DIEDATH 1C-
SCH23390» AR S MFHINT VA (I v H Vv KRE, YaryAR7TEFURAKRE, Fn) o2y
WEmr, BEFD Y 7 F— 302D LT 5%/ 7 I OFBNEMLOMEI TN T
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BEPRFFZE D AT h N T w5, BFERRY AU P EL TR, "F-27Xe r»E#Eash, AL
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3 FEFraYr

BAND L AHZY) VBT eFrvay) v e X2 —0WECHEL T, #Ek» 6 0VCIEHRT X ¢
Fo 4 N, UCEH#HA IR IV ECMATHC- P 2= Ry YL — fPUC-N-R Fve
ERY =Ry P PHEINT, ~HAR~DBHbLED G T 3,

ZaF U ETeFrval) v el —1lo0e T, "CER=aF VP HESN TV,
1988412 A b 2 DEEFRFIHD L 3 iz (F v Y ¥ 2 ZIIEH .

4 Ny CTFEEY

NI TEE v T X =L PIRED b D EEMEO LD L h 2 HY, FIEHEOWEEYH
L7z DELT, 7v7 Y vy 2 Ya ) A %D Comar, D.6 2 & Y BFES 117211 C-Rolb
-1788EH & B, FEH G H19844F - Z DEEREAM I L, Z DICHFRZT-> T & 7289,

Fig.1 Sequential healthy human brain
PET images at basal ganglia level
using *'C-Ro15-1788.

Left image was recorded during
0-5 minutes post trcer injection,
and right one was taken during
15-20 minutes post trcer injection.
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Table 1  Positron emitter labelled ligands for receptor study.

Dopaminergic
Dopamine D1 :
Dopamine D2 :

Serotonergic

Serotonine 5HT?2 :

Adrenergic

Monoamine
re-uptake site

Cholinergic
Muscarinic :

Nicotinic :
Benzodiazepine

Central type :

Peripheral type ©

Opioid
mu type -

fnu, delta, kappa type :

Others
Histamine H1
Calcium channel

1C-SCH23390
1C-N-Methylspiperone
"C-Raclopride
1C-YMO9151-2
18F-Haloperidol
BE-Fluoroethyl Spiperone
18F-Flouroraclopride
"*Br-Bromoperidol
"*Br-Bromospiperone

1C-Ketanserin
1C-Methyl-LSD
IBF-Ritanserin
18F-Setoperone

1C-Propranolol

1C-Nomifensine
1C-Cocaine
8EF-GBR 13119

1C-Dexetimide

UC-Tropanyl benzylate
1C~-N-Methyl-4-piperidyl benzylate
1C-Scopolamine

11C-Nicotine

1C-Rol5-1788
UC-Suriclone
1C-Rol5-4513
HC-PK11195

HC-Carfentanil
18E-Cyclofoxy
1C-Diprenorphine

Glutamate receptor channels (NMDA)
Clozapine binding sites
Cyanoimipramine binding site

etc.
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Fig.2 Time activity curves in two different aged healthy volunteers. Radioactivity of
plasma (O) and uptake of *C-N-methylspiperone in striatum (@), frontal cor-
tex (&), cerebellum (E) against the time are shown. Note the difference between

two subjects.
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Fig.3

ﬁﬂ—

PET brain images in a healthy
volunteer using '"'C-N-methyl-
spiperone and a high resolution
PET scanner.
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'E 3
E Fig4  The association rate constant K, in
healthy volunteers.
g K; was calculated from the radioactivity
2. ratio of striatum to cerebellum and the
equivalent time. The K, value
3 exponentially decreased depending on
0 " ,0p 40 60 80 aging. That is, log (K3) linearly declined

Age (years old) with age (y=—0.012X —3.08, r=—0.95),

Hs»6, HHL,

2 N=F VURILEIBF—IDILETI-DAE

PETIZ & 39— %> v UIRIEGI T DIESRAED K —¢ 3 D2 £ 7 X —ORFE R T Tz 0
OWDOREHRTEEINTVED, ZOHBRYLTLI—ETIR LV, Ly UBERTIIRSEED
D2v e & —HEmZ R L, IRRDER LR EF (L v LREORDENZRT L 5T
Ho, TNLOEREIE —F Y VHFEOWIIL F—,¢3 D21 + 7 & —iZup-regulation s /)
%, t#hxizdown-regulationDIRE~RITT A LT A E L HFIi—H L T 5, % 72Hemi-Par-
kinsonf®RIEFI T DOPETF — X T, S5O D2v 2 7 X —BEIIEAEVRD Lo 2
T AMEZL

3 TALAEMICEIZIRALES I —-DBEIE

NC-F =T 2y B2V ACTA Fpurv 277X~ FHCRNERZET 2 I8 N TH B3,
VarvARIFVAKREQI V=T, INURMBEETA»AERMCICHE LI, Tb b A1
SEZE S P RO M RIEFITOPETRIZE T, A €A A4 Nurv 2" x—27 2 OFEAEM
CHILTCA I ERRLTVL S,

3 72MC-Rol15-1788% A 12HFZEdSSavic Lo 2 L b 28T v 3%, M TAD»AERKAFOD
FEFIZ AR E L TR YT v 2P X —DRIERIT-> T b, B LT ol T
BmaxlFEEVAD LN, Ly EAAITETE2RLIZE I,

4 ERQRRIEANZEICE IR F— "I rDILEery—RIE
FEMOBRIIARRIEFERELE L3RS DTHY, 20T TREA—DOKRETCHMET L2 &

74



5 PETIC & % v 78 —H9EDBR
BT S B0dy, PUEHRES N =93 oD2r e 7 X — D L b 2 OR P RET 2 2 L,
¥ LD EREIBIR T O F =23 v D2v 2 74— DML T3 e SHE» L, —5oD
RSB TE, F—30 20l Z2Qr e 2—0REIAT L IREVPBEN T
29, ZTDLIREENL Y ar ARTF U AKRFED Wong, D.F. 6 1E19864F (24 ZRAERFIT
DMUC-NMSP# A LA OD2v v ° 2 —EEOPETIC L 2 YlEMRREPHE LI, Ih
Ch AL, FERHTE, TOvel X —BEVPIEEMNRECIST2 - 3FEmL Tt
WO 72, 0RO ORI IR B o 1R RRERIT b, BT L AR R LI E bR
HELTwB, —F, #nlr2HfEimdFarde, L.6DUC-5 72075 4 N2 & 3G TIIAR
RELEEEHEOMIB v 22 —EE T 2RO, EPADLRCENIY, 220060
HC-N-xFnvz2n i, Wong, DF.LDHFEIUEL T, 20BH%1T-> T 595, 4
ZUREEL oM EmEED Lo L0,

5 EYBEEZSY I ~DICH

BRI ORHIRE D T =& ) 7L M OIYRE LRI L COBIRTHmLE LT
Bo L L, MEEPFREFFCTY, BARRRELZWEEVDH Y, e X—~DfisF
EHCHET A EDPEO0LE L, PETRH 05 2 L2 VRN Y 27X — A0 S LR
DUMERESTHY, tOHERTTELINTVEY, 2ol oo maEhiEE L O
BIERRE b T 52022 A% - O E~DAI K- CfEs s,

4 F4l) PEFEERICL BFEMEDILRA

In-VivoT v £ 7 X —%WET 5354, My £ X —FEldmg& > 227 % Y pmol A — &
—ThHah6, HHTE M —FEWER) W, o TsBTRUAELR S, T
bbb =T DRSS CECLEYD B, FIE N v — LE—DILEWT, JEKE
TEOWEEREC TV v ELT, FRRCHEE LA, BEEM v —FDr e 72—t
DOFREMEAZEEI NS, FIAWE S5, 61/RT L 31, "C-Rol5-1788% %45 L T, T fd’
WAORY T v 72— kA L T s T, JEEHEDR015-1788% K12
ELIHA N, Mr—ROBGHMEMEORAREE S 1, ALY o BEHE b v—2°
RHvs L, AR S ICHET 5, 2 Rk displacement study vy, Ak b —
FEREET AENC, v )V REDIEKETERC1S-1788) # IR & ¥ 1235412 b gHE b v —
P E R LA ERAYET, PETA A=Y v 72— d i v, I iidsatu-
rationstudy Evbitd, LLED L 5, vV Y2 EAM LI, Z20OHENED LNLLE
W, 2ORYbuy b r—9EC L 2 MEBEVERNEAPRI TR I LERTIOTD
5,

75



Displacement study
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Fig.5  Displacement study (1),

Radioactivity (**C-Ro15-1788) in the brain is washed out im-
mediatetly after the carrier injection.

Fig.b

Displacement study (2),
Sequential PET images using *!C
-Ro15-1788 before and after the
carrier injection. The image after
the carrier injection shows no spe-
cific binding.
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ASSESSMENT OF REGIONAL MYOCARDIAL BLOOD FLOW WITH N-13
AMMONIA PET.

Toshiharu Himi

Third Department of Internal Medicine,
Chiba University Medical School

Abstract

Regional myocardial blood flow (RMBF) has been assessed with 0-15 water, {
-15 CO2 and N-13 ammonia in Japan, and O-15 water has been used most com-
monly for quantitative measurement of RMBF with lida’s method. Though
myocardial image quality with N-13 ammonia is superior to that with O-15 water
or that with O-15 CO2, RMBF was not assessed quantitatively with N-13 ammo-
nia. We have attempted to assess RMBF non-invasively with N-13 ammonia and
dynamic PET. Yoshida et. al applied the first-pass flow model to N-13 ammonia
dynamic PET for measurement of RMBF. We could measure RMBF of the
patients with hypertrophic cardiomyopathy (HCM) and could assess effects of
vaso-dilating agents on RMBF non-invasively with this method. But this method
does not take account of cross-contamination of recorded counts between myocar-
dium and surrounding tissues, and hence we have applied factor analysis to
dynamic PET for correction of that. It was suggested that cross-contamination in
normal cases could be corrected by the factor analysis and there were few cross

-contamination in the patients with HCM.

* T ok
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Fig.1 Images of a normal subject
obtained with O-15 CO,
and PET.

Upper left: The image
was obtained after labeling
of red blood cells with inha-
lation of O-15 CO.

Upper right . The image
was obtained with continu-
ous inhalation of O-15
CO,. Lower : The image
was obtained after subtrac-
tion of vascular pool activ-

ity from the CO, image.
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Fig.2 Images of a normal subject
obtained with O-15 H,O
and PET.

Upper left: The image
was obtained after labeling
of red blood cells with inha-
lation of O-15 CO.

Upper right: The image
was obtained after injec-
tion of O-15 H,0O. Lower :
The image was obtained
after subtraction of vascu-
lar pool activity from the
water image.

Fig.3 A midventricular image of
a patient with anterior
myocardial infarction
obtained with N-13 NH,
and PET.

N-137 ¥ & = 7 O#HER 5 5014 5 6 LI ATEEREZEG D B & Figd \2/R T, N-137 &=
TG DRI b v—— L U TR L~ DR Y AAEYE C, BB T LD IIEE
REPMEPHEL Y FarEemBEEOEGRPEHO N MEYH Y, N-137 v E=T T H
FeO IR E BT L T e D|EF LT 539,

First—-pass flow modellZ 2w T

LR L VN-137 > =7 % b v—4—¢F L, first-pass flow model # s L 12 FiFEiC
LY RAPLBMIER LG L TS 2, SOHEDOFERLLZn—T 2L DTH LY, ehk
XAF Iy Z7PETEUWHALELOTH A5, ZOHFETIE, bv—F—#TEEBKZLIY 1 71—
25 SFEREF DX A F 3w 2 F— RN ER I 2 IR RER LT, ki, 2 2 TEFEDNE
REDTHFeW 1 7v—2® X W LT 20273 6% L,
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Fig.h  Serial PET images at mid

-ventricular level in a nor-
mal subject obtained with
bolus injection of N-13
NH,.
5.5 second sampling time
permits visualization of the
initial passage of the tracer
through the heart.

Fig.s  Mpyocardial and left atrial

time-activity curves
obtained from a patient
with hypertrophic car-
diomyopathy (HCM) after
bolus injection of N-13
NH..
LA ! left atrium, RMBF :
regional myocardial blood
flow, Cm(T) : activity in
the myocardium at time T,
Calft) : activity in the arte-
rial blood at time t, g
myocardial density (1.05
g/mi)
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CE, WE, L, MEF—AEOL T Y PIIRIEHE L Bo 2R, -6 b
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BEBoT OB L iR — vICE DS 2 3R E LT 2 L F NLdtime-activity curve # {EBL T
%, Figd UIERELLHFIEMHCM)O 1 REFIC 34T 5 L ¥ & P 2" — v Dtime-activity curve
PRT, COESMET—nE LTOHCLsBELPZT I CAELFERMAELL, 2LTE
NLOH—T D oRAELIRLERZPHACT, =4 2702727 LEUOFETREOH ML
mETELT 5,

ZOFEOFEIR b ——FEZ 1 SUNORBOBEGRENMAT A0, TryE=TH
BERISCL > TNV IV =V CEESNIREEZFAT LV 7 22T OLH~D
WY RARVPEC L, MUCREHOBEGBREZFHT 20007 v 227 ORBEDOBEL X
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Fig.6 X-CT(upper) and N-13
NH; PET (lower) images
of a patient with HCM.

Figb XREF IO 72 HCM D 1EFIOXFRCTHR EPETHBER LI, DTH B, 2D L ) LihE
BT OREEDIE S PPETRE O REIED 2 L ED 512, LHEACBI LMK E RE LIS
B, B AR & A OB RSTRERE OE/NFHTIZE LA EERT S 5,

2D &S ER - TIFERTEEE OB HATHCME S OO/ O Hbg, JIEE, EEO R
LR % 5 L1 kES % Table R T %,

2 NG OFEF O LR TR E O FEHEN, $FE55.9ml/min/100g, Hi%¥64.1ml/min/100g, M
EE68m1/min/100g & K DFREE D i PIRIEE T MR DK T ¥ 2 fHm» 50 6 7,

Fig.] W3 Hil FATRUC R O B 5 LREGI O LERFER &, SEIRIEETH L) FE—1v
HEBOBEBERLICLDTHE, YY) XFE—NREHROEBRTEPRED GBI 2T H
v — OREREE SR B L T3, TOL I CHEMEBREIT D 2 LiZ L ) WHEED
ERISU 2 6 BN CIFRVEFEL N LT,
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Table 1  Regional myocardial blood flow measured from 13 patients with HCM.
(from Ref. No.6)

RMBF
Patient no. Age(yr)/sex BP HR mMBF  Septum Anterior Lateral
1 51/M 126/80 60 49.5 44.9 50.7 50.0
2 56/M 138/84 60 51.7 49.0 56.9 52.5
3 62/M 160/80 68 65.2 59.2 62.3 73.4
4 40/M 138/92 66 47.8 43 .4 46.0 49.9
5 36/M 122/70 72 73.6 71.6 76.9 79.0
6 43/F 130/84 54 64.6 63.7 64.6  63.3
7 66/M 108/70 52 70.9 68.0 69.5 75.5
8 32/M 102/54 64 69.9 42,9 73.7  80.1
9 35/F 104/60 62 58.2 42.8 61.0 70.6
10 45/M 120/82 64 56.1 51.6 61.7 64.4
11 45/M 136/78 66 68.8 66.0 69.8 73.1
12 26/F 96/56 50 65.9 50.1 66.7 72.2
13 64/F 164/90 68 76.5 68.0 73.4 80.6
Mean 63.0 55.9%  64.1** 68.0
+SD 9.4 10.5 9.1 11.1

BP=blood pressure (mmHg) ; HR=heart rate (/min); MBF=myocardial blood flow
(ml/min per 100g) ; RMBF=regional myocardial blood flow ; mMBF=mean myocar-
dial blood flow.

* P< 01 compared to anterior and lateral flow values.

* % P<, 05 compared to lateral flow values.

 vieveiane

Fig.7 Midvetricular images
obtaind with N~13 NH; at
rest (left) and after dipyr-
idamole infusion (right)
from a patient with angina
pectoris.
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CAD : coronary artery dis-
._.50-
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0.56mgiiE L 72080 B O 5 i 8 O 25{b % # First-pass flow modelZ v TR, 752
ZLIZbDTH2, ZORTRBEFMOLLELH O, Ak, MED 3> OHEBORLE
P, ZNEN1IO2DHETRLTH %, BIEOEED S b EEIRER - TR ICHERONE
D H 5 EHLO T HRM O g % ischemic, B E DA D I AL Fnon-ischemic & L 72, ¥,
¥ & ORI LR B Dnon-ischemictBI T, FEMETH 25 MM L T 2 DICx L
HCM, il Loy 5 DischemictBi 2 35 1 2 MTOMIMHE L, 2 OE5 T ik T iifae ™K
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IR O BIEE R EFIROHE AT 5 EE 2 6 b,
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O (BEEIR O MRS REIRE W LRF L V b ER LTV B X5 2R 5,
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Fig.9 Midventicular images with
N-13 NH; at rest (left) and
after nitroglycerin (NTG)
administration (right) from
a patient with myocardial

infarction.
Nitroglycerin
%
+ 200
+ 150+
+100-
+50-
o} o o
g o 0 og }
s o o
I« T R [ RD: SRR SN S h S
gg—j o—- Fig.10  Percent changes of
HCM Ischemic regional myocardial blood
Normal Non Ischemic flow caused by NTG
— 50 administration measured
with PET and the first
-pass flow model.

BUDPBOYRLSTOBE I ENbD B,
EFEIFECL 2R LCHLRERISEE DR &
DHITEZEEML LIS L35 L, BihD & 5 I OAE - L TPETEEE O 22 5k gs
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Fig.11  Principle of the three fac-
tor analysis.

Fig.12 Regions of interest placed
for the factor analysis (left)
and for the conventional
first-pass flow model
(right).
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Fig.13  Time-activity curves of
left ventricle and myocar-
dium obtained with and
without the factor analysis
from a normal subject.
FA(+) : time-activity
curve generated from a
ROI with the factor analy-
sis, FA(—) : time-activity

&
0
=
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E

curve generated from a
ROl without the factor
analysis.
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Fig.14 Time activity curves of left
ventricle and myocardium
obtained with and without
the factor analysis from a
patient with HCM.

Fig.15  Comparison of regional
myocardial blood flow cal-
culated with and without
the factor analysis.

FA(—) : calculated with-
out the factor analysis.
FA(+) : calculated with
the factor analysis.
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#391ml/min/100g £ K & LBV IEEED 6 v o 12, 2, 4 OHCMIAER I KE O HEIF
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Bbtrs,
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Myocardial Energy Metabolism by Positron Emission Tomography

Nagara Tamaki, Yoshiharu Yonekura, Junji Konishi

Department of Nuclear Medicine, Kyoto University Faculty of Medicine
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Abstract

Positron emission tomography (PET) permits quantitative measurement of
myocardial blood flow and metabolism in vivo in the cardivascular areas. F-18
fluorodeoxyglucose (FDG) and C-11 palmitate have been used for energy metabo-
lism in the cardiac PET. In fasting condition, beta-oxydation of fatty acids is the
major energy source in the normal myocardium, whereas glucose metabolism is
enhanced in the ischemic myocardium. No metabolic substrate is used in the
necrotic myocardium. Thus, quantitative measurement of substrate utilization
enables differentiation of ischemic from normal or infarcted myocardium and
precise assessment of tissue abnormalities in vivo.

FDG is administrated in fasting condition in our institute in order to delineate
ischemic myocardium as a hot spot with suppression of the FDG uptake in the
normal myocardium. However, when compared to the post-prandial condition,
FDG uptake may be enhanced even in the infarcted tissue, and thus, may possibly
overestimate the tissue viability. A certain quantification of FDG uptake may be

warranted for an accurate evaluation of FDG uptake. We have been measured

o FUHS R R A I
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FDG uptake index as a fraction of injected dose (% dose/100g tissue). This index
correlated well with myocardial metabolic rate of glucose by Phelps method in the
fasting condition, although the correlation was not well in the postprandial
condition. This simple quantification of FDG uptake seems to be valuable for an
accurate identification of ischemic myocardium, particularlly in fasting condition.
Dynamic PET study after C-11 palmitate injection has been used for estimate

of fatty acid utilization. The first component of the washout from the myocardium
is considered as rate of beta-oxydation. However, the washout of this tracer
seems to be strikingly different between the fasting and postprandial conditions.
To evaluate tissue abnormalities in respect of derrangement of energy metabo-
lism, analysis of oxygen metabolism using C-11 acetate or O-15 oxygen may be
needed in the near future which is not dependent on plasma substrate lebels.
Key words : positron emission tomography

myocardium
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Fig.1 One representative slice of resting (top left) and stress (top right) N-13
ammonia perfusion and FDG glucose utilization (bottom) images of a
patient with anterior wall myocardial infarction. Note stress induced
ischemia corresponding to the enhanced FDG uptake in anterior wall
(arrows).
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FASTIME  ppg POST-PRAWDIOL

Fig.2 ~ N-13 ammonia perfusion image (top) and FDG glucose utilization images
on fasting (bottom left) and on postprandial (bottom right) conditions. An
increased FDG uptake with mismatch with perfusion is noted in fasting
condition, which is not well shown on the postprandial condition.
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Fig.3  Correlation of FDG uptake index with myocardial metabolic rate of glucose.
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Fig.4  Metabolic pathway of fatty acids in the myocardium and appropriate PET

tracers.
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Fig.5 Serial PET images of a normal volunteer after injection of C-11 palmitate.
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Fig.6b  Clearance of C-11 palmitate in the normal myocardium in fasting condition
and postprandial condition.
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Potentials of Positron Emission Tomography for Cancer Diagnosis
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Abstract

We proposed in this paper two different approaches for cancer diagnosis using
positron emission tomography (PET). The first approach is the estimation of
growth capacity or viability of the tumor. This can be done using the tracers for
glucose, amino acid or nucleic acid metabolism. The informations obtained are
essential or non-specific among the different kind of tumors and can be useful for
cancer treatment.

Another approach can be the evaluation of phenotype expression in the tumors
which indicates specific function or metabolism of the original tissues that the
cancer derived from. This can be done by using a tracer which is a substrate for
a specific enzyme of the tissue, a ligands for the specific receptor or monoclonal
antibody for specific membrane antigen.

In the second point of view, 2-deoxy-2- ['®F] -fluoro-D-galactose (*F-FDGal)
is a good candidate for the evaluation of galactose metabolism in the liver cancers.
It accumulates much in the normal liver and is trapped after second step of

galactose metabolism. Experimental study showed that ®*F-FDGal uptake in a

* IRGTRRE AR A WTICRT o  HALKSE ¢ = % RO Byt CELRTE | AUILRADURE B BT 9E7)
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well differentiated spontaneous hepatoma of C3H mice was as high as that in the
normal liver. While those in poorly differentiated hepatoma and other tumors
were very low compared to the liver. That means the C3H hepatoma maintained
high activity of galactose metabolism even after malignant transformation.
Clicical PET study also showed very high uptake in the hepatocellular carcinoma
which is derived from hepatocells but very low in the metastatic liver tumors
which are derived from other cells.

These informations obtained by this approach are not always connected with
tumor viability but indicate the degree of differentiation in the tumor and will be

useful for the biological charcterization of the tumors.
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t l Fig.1 Metabolism of D-galactose and !*F
UDP-Gal uDP- 18EDGal ~-FDGal-D-galactose is metabolized and
)'( used for a component of glycoproteins, or
; changed to glucose.
UDP-G While "*F~-FDGal is trapped in the tissue
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pathway.
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Fig.4  PET image of the orbital metas-

tasis from hepato cellular car-
cinoma.
Very high uptake was obseved in
the right orbit (an arrow). The
uptake in the left orbit and the
cerebellum was very low.
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Cancer diagnosis and treatment evaluation with positron emission tomography (PET)

Kazuo Kubota M.D., Takehiko Fujiwara M. D., Susumu Yamada M. D.,
Masatoshi Ito M. D., Kiichi Ishiwata Ph. D., Tatsuo Ido Ph. D.

The Research Institute for Cancer and Tuberculosis, Cyclotron and Radioisotope Center, Tohoku University,
4-1, Seiryo-cho, Aoba-ku Sendai-shi, 980 Japan

Abstract

Malignant tumors are characterized by uncontrolled cell proliferation which
requires increased metabolic activity. Cancer diagnosis based on higher metaboic
demand of tumor than normal tissue has been studied using *C-L-methionine
(1*CMet), ¥F-fluorodeoxyglucose(*FDG) and PET.

Differential diagnosis of lung cancer from benign tumor with PET has been
performed as a prospective study and has showed 83% accuracy. Both 'CMet
and *FDG were useful. **FDG was useful for the grading of malignancy in brain
tumors. *CMet uptake was correlated to the histologic type of primary lung
cancer.

After radiotherapy, rapid decrease of tumor uptake of CMet preceded the
necrotic extension and tumor shrinkage. *CMet tumor uptake is one of the most
sensitive marker for treatment evaluation. FDG was useful for the detection of
recurrence in the postoperative scar of colon cancer also for the differentiation of

recurrence from radiation necrosis in the brain tumor study.

* FULKRFIABE BRI * s WALRFEF A rn br oS5 474 Y =200 X —
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PET using metabolic tracers is useful for the evaluation of biological properties

of individual tumor non-invasively.
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Fig.1 Case 1. a : Chest CT scan shows a peripheral, right lung nodule (arrow-
head). b : A PET scan 30 min after the injection of 18 mCi of *'C-Met
shows radiopharmaceutical uptake by the nodular lesion (arrowhead).
Arrow points to sternum.
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Fig.2  Case 2. a: Chest CT scan shows a nodule of 1.5X1.5cm in the left
cardiophrenic angle (arrowhead). b : A PET scan 30 min after the injec-
tion of 11 mCi of *C-Met shows low uptake by the lesion (arrowhead).
Arrow points to liver.
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DUR TABLE
Relationship Between {''C]Methionine Uptake (DUR) and
5 - Histologic Type of Primary Lung Cancer
Histologic type DUR (mean + s.d.)
Large cell carcinoma 3.98 + 0.27 {five cases)’
Squamous cell carcinoma 2.92 + 0.30 {nine cases)’
Smail cell carcinoma 2.00 (1 case)
Adenocarcinoma 1.63 (1 case)

'p < 0.01 (Mann-Whitney test).

X/
Mﬂ‘s FIGURE

Time-activity curves of primary lung cancers using [''C})
14 methionine. (O) Large cell carcinoma; (®) Squamous cell
carcinoma; (X) Small cell carcinoma; (A) Adenocarcinoma.
In Case 6 and Case 7, the sequential emission scans of
tumor were not performed. Case 3, Case 6, Case 8, Case
- 12, and Case 13 were omitted because they were too
0 10 20 30 40 50 crowded. The definition of DUR was shown in the text.

time after injection (min}

Fujiwara T.,Matsuzawa T.,Kubota XK. et al
J Nucl Med 30:33-37,1989

Fig.4 Relationship between 'CMet uptake and histologic type of primary lung cancer.
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Fig.5  Comparison of the tumor volume, viable tissue by micro-morphometry (whole
tumor minus necrosis) and **CMet tumor uptake after 20 Gy irradiation.

YOEBRN D 6 b, RICHBORYE, BNV R LN, BBRCEEREIENT LY
b, R v VB CHEDROFIHEYWRETH 5 L& 272 (5 )9, EIRIF52 L4
ETHRTH 55, THGZECTTIR LA EFBICEEZ L, "CAFA = DPETTD A,
ERGNEOFHE L BROFMBMVHRE T Do 2l H b, HEERLERRLFEVED 61
Tv 3,

BEDGIZ & 2 BTN E S AR E RIS 6 12 & 0 s & 10, BEHRERREO & CIEE
TWIEEOHE/MIEAT L TUFDGOEE PR T L, EMEDIEE CIIEE DK L *FDGOE
TS AL L Lo 1o, PFDGIC & 2 {RFERIIHE L BEEENE, TS, el £ TiE a3, £-4

WZERRARE, CTR E LPFDGOEBEFOEIIE—I L7z, Ly L—F L 2 AT %
ETVCA2DOPARHATHY, FIRMBROEDP DL v,

BEDG LUCAF A =V OHBETIX, "CAFA = QLD HEBEBICFICRICT 5 L v 5T

ROPEBERTREBONTL 52,

4—C FHAREREBROER

FTRORPRALM L BRREOENZINIEBEOREEE FERLMETD Y, CT, MRIZ
ETLRMEEL 2 LD 5, BFDGIZ & 5 PETEIRWFZ A Strauss b 12 & b & 3 iz,
BEDGI B H R & CEM 2R L, BRI LT O 70 D B 2 R L 2T SR 27 o
ZONTIET L, 405812 O A H A e EIRERAER & [Rl— & 70 b, B SBRIR o C & 1222,

118



4 RY OIS X B DAL, ERAEEE

4 ~D MERRIE L BROE

J4 TR O EHR AR O BIER £ L T, MROEIEY 53 5 2 L »’H 5, CT, MRLEEE
DHEFRELENPRBETH Y EELMETH 5, PFDGLPETIC & 5 R & O HE S
M, ST REMETL, BRETRITEL, MEOENPTELZ L¥b2 Yy, PETOR
WIS EE R LB,

5. SRORE

5~ A EEEHSGEEERAN

KRETHIR S NICERBRCIOHT 28, PETREVA N ETFBROULSTH B, 12k
AEBF I vA R T A PSP —VIZ L BHIBDZ A b u s Lt 7R —Din vivolE{E 2 Y,
HIBERE D 2 A0 L7 SFRER 2 v 29 3 029, 22— 2290 Fin vitroD 8% K4 2
FLCHEBERORABC L O LOBIHERY B ONS 2 Ly HfFaNns, PETC L 2458 %
L EEZMOL D CARIAR S A RINTH 5,

5 —~B PETHHSPECT~

PET+t > % —DYR, IR P A %ORBOHETH 5 2 Lk b¥elwe, Ly L, PET
TS NIERERR  —ERR DT o 12id, PETTHET D - 123#| 0 Single-photon
BB OB, SPECT~OISHAPEETH 5, 1oL 2 IXHEDED 6 Tv 28HD b v —

—, Bl N4 v b o REEOBRIEVRE 3N T I VBERED b v —F—, »I-lodo-a
-methyl tyrosine?” /s ¥ A4 DIIFEOFE L KLV EIES NS,

SE

1) KHEFEK, WA I, 24 & EEERE BOBE L. BOEYY, 1256-142, 164-166, ML
E, 1980.

2) Som P., Atkins H. L., Bandoypadhyay D. et al.: A fluorinated glucose analog 2-fluoro-2-
deoxy-D-glucose (F18) : Nontoxic tracer for rapid tumor detection. J. Nucl. Med., 21, 670~
675, 1980.

3) Di Chiro G., DelLaPaz R. L., Brooks R. A. et al.: Glucose utilization of cerebral gliomas
measured by ®F-fluorodeoxyglucose and positron emission tomography. Neurology, 32, 1323
-1329, 1982.

4) Yonekura Y., Benua R. S., Brill A. B. et al.: Increased accumulation of 2-deoxy-2- ['*F]
fluoro-D-glucose in liver metastasis from colon carcinoma. J. Nucl. Med., 23, 1133-1137,
1982.

5) Syrota A., Duquesnoy N., Paraf A. et al.: The role of positron emission tomography on the
detection of pancreatic desease. Radiology, 143, 249-253, 1982.

119



6)

7)

8)

9)

10)

11

12)

13)

14)

15)

16)

17)

18)
19)

20)

21)

22)

120

Kubota K., Ito M., Fukuda H. et al.: Cancer diagnosis with positron computed tomography and
carbon-11-labeled L-methionine. Lancet, 2, 1192, 1983.

Kubota K., Yamada K., Fukuda H. et al.. Tumor detection with corbon-11-labeled amino
acids. Eur. J. Nucl. Med., 9, 136-140, 1984 .

Kubota K., Matsuzawa T., Ito M. et al.: Lung tumor imaging by positron emission tomography
using C~11-L-Methionine. J. Nucl. Med., 26, 37-42, 1985.

Martiat Ph., Ferrant A., Labar D. et al.: In vivo measurement of carbon-11 thymidine uptake
in Non-Hodgkin’s Lymphoma using positron emission tomography. J. Nucl. Med., 29, 1633~
1637, 1988.

Ishiwata K., Ido T., Abe Y. et al.: Studies on *F-labeled pyrimidines III. Biochemical investi-
gation of ®F-labeled pyrimidines and comparison with *H-deoxy thymidine in tumor-bearing
rats and mice. Eur. J. Nucl. Med., 10, 39-44, 1985.

Kubota K., Matsuzawa T., Fujiwara T. et al.: Differential diagnosis of solitary pulmonary
nodules with positron emission tomography using [*C] L-methionine. J. Comput. Assist
tomogr., 12, 794-796, 1988.

Kubota K., Matsuzawa T., Fujiwara T. et al.. Differential diagnosis of lung tumor with
positron emission tomography : A prospective study. /. Nucl. Med., 31, 1927-1933, 1990.
Di Chiro G. : Positron emission tomography using [®F] fluorodeoxyglucose in brain tumors :
a powerful diagnostic and prognostic tool. Invest. Radiol., 22, 360-371, 1987.

Patronas N. ], Di Chiro G., Kufta C. et al.: Prediction of survival in glioma patients by means
of positron emission tomography. J. Neurosurg., 62, 816-822, 1985.

Fujiwara T., Matsuzawa T., Kubota K. et al.: Relationship between histologic type of primary
lung cancer and carbon-11-L-methionine uptake with positron emission tomography. /. Nucl.
Med., 30, 33-37, 1989.

Fujiwara T. ! Letters to the editor. J. Nucl. Med., 30, 1421-1422, 1989.

Minn H. and Soini I. : [**F] Fluorodeoxyglucose scintigraphy in diagnosis and follow up of
treatment in advanced breast cancer. Eur. J. Nucl. Med., 15, 61-66, 1989.

Steel G. G. : Growth kinetics of tumours. Oxford. Clarendon Press., 1977.

Kubota K., Matsuzawa T., Takahashi T. et al.: Rapid and sensitive response of carbon-11-L
-methionine tumor uptake to irradiation. /. Nucl. Med., 38, 2012-2016, 1989.

Abe Y., Matsuzawa T., Fujiwara T. et al.. Assessment of radiotherapeutic effects on experi-
mental tumors using *F-2-fluoro-2-deoxy-D-glucose. Eur. J. Nucl. Med., 12, 325-328, 1986.
Kubota K., Ishiwata K., Kubota R., et al: Tracer feasibility of monitoring tumor radiotherapy:
A quadruple tracer study. /. Nucl. Med., 32, 2118-2123, 1991.

Strauss L. G., Clorius J. H., Schlag P. et al.: Recurrence of colorectal tumors : PET evaluation.



23)

24)

25)

26)

27)

4 BY o UBBC X BBABN, BEDENE
Radiology, 170, 329-332, 1989.
Di Chiro G., Oldfield E., Wright D. C. et al.: Cerebral necrosis after radiotherapy and/or intra
arterial chemotherapy for brain tumors : PET and neuropathologic studies. AJ/R, 150, 189~
197, 1988.
Mintun M. A., Welch M. ], Siegel B. A. et al.: Breast cancer : PET imaging of estrogen
receptors. Radiology, 189, 45-48, 1988.
Fujiwara T., Kubota K., Sato T. et al.. N- ['®F] Fluoroacetyl-D-Glucosamine : a potential
agent for cancer diagnosis. J. Nucl. Med., 31, 1654-1658, 1990.
Ishiwata K., Tomura M., Ido T. et al: 6- ['*F] Fluoro-L-fucose : A possible tracer for
assessing the glycoconjugates synthesis in tumors with positron emission tomography. J. Nucl.
Med., 31, 1997-2003, 1990.
Langer K. J., Coenen HH., Roosen N, et al: SPECT studies of brain tumors with L-3-(**I]
lodo-a@-methyl tyrosine. /. Nucl. Med., 31, 281-286, 1990.

121



11

fn PR e A,

H,**O-PETZ & % e HIzE O EER
E ROt

~

i i 757 P
RE XB

N—F Y YR E RSB AR
I B N—o¥3 U2

fiEm 1~
FEFHE SIS 1231 APETIIC & 5
vt & —HIE

ZEIE i 4h
[BF|]—2 vt ua N— Y272
FRASEIRN N -9 2 ACEEIE

Z )5 B HE D

AT hur CTIC & 5 HHENEREESR
HIEFEDOBAFE L mikikitdeef A —2 27
AR B Rl



1 H,'5O-PETICZ & 2 IBEEEHIE O FFE

| OOt /MERAR FREAC

oo
o
P

Functuional Brain Studies with H,*O-PET
Strategies and problems for approaching to higher brain functions woth H,"O-PET

Toshimitsu Momose, Yasuhito Sasaki

Department of Radiology,
University of Tokyo 7-3-1 Hongo, Bunkyo-ku, Tokyo, 113 Japan

Abstract

Positron emission tomography (PET) with intravenous injection of H,**0 allows
us to obtain regional cerebral blood flow (rCBF) images repeatedly within a short
period of time. Since the increase of electrical activity in a specific brain region
is followed by the abrupt increase of rCBF, the technique with H,"O-PET is
suitable for functional stimulation-activation studies. In general, the images are
analyzed by making a subtraction image (activation minus baseline) and then by
identifying the activated areas on anatomical brain structures.This approach is
widely applicable to from simple stimulation to highly integrated tasks. The
detectability and ACBF amplitude of responsive area depend on the PET system
and methodology. In this study, we examined the following foundarﬂental issues :
(1) reproducibility of rCBF during resting condition (2) effect of physiological
stimulation on CBF (3) anatomical identification of activated area.

Our data suggest that relative CBF images and their paired subtraction are
suitable for tapping functional localization. The changes in rCBF in association

cortex for more complicated tasks are, in general, smaller than those in primary

o UK
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cortex. Combination display of PET image with MR-3D reconstructed brain
surface image in each subject is the most reliable technique for anatomical

identification of activated site.
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Fig.1

Fig.2

Fig.3

Fig.4

Subtraction images (A) obtained
from visual stimulation minus blin-
dfolded resting state. Subtraction
images (B) obtained from initial
resting state minus second resting
state.

PET images combined with MRI
of 3-D brain surface. PET images
were taken in two different condi-
tions : blind-folded resting state
(A) and anti-saccade (B).Foun-
ctinal mapping of anti-saccade (D)
was taken from subtraction image
(B-A) and was combined with 3-D
brain surface MRI (C).

PET images taken from three dif-
ferent conditions ; listening to
music (A), story (B) and sound of
insects (C).

PET images taken from different
sleep levels : awaken state (A),
sleeping state (NONREMII)}(B)
and dreaming state (C).
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Positron Emission Tomography in Cerebrovascular Disease

Fumio Shishido

The Research Institute for Brain and Blood Vessels-Akita
6-10 Senshyukubota-machi, Akita-shi, 010 Japan

Abstract

A role of positron emission tomography (PET) for clinical use in cerebrovas-
cular disease is outlined from our clinical experiences. The cerebral blood flow
and oxygen metabolism by PET measurement provides important information for
the decision of indication of EC-IC bypass surgery and thrombolytic therapy using

tissue plasminogen activator or urokinase.
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Case of Extracranial-intracranial Arterial Bypass.
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Fig.3  Case of Intracranial Obstruction, 8hrs & 8days after the Attack.
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Fig.d  CBFACT Before & After Urokinase Treatment.
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Neuronal Degenerative Disorders Studied by Positron Emission Tomography-Dopamine D,
and D, Receptors in Parkinson’s Disease and Striato-nigral Degeneration

Hitoshi Shinotoh

Department of Neurology, School of Medicine, Chiba University
1-8-1 Inohana, Chiba-shi, 280 Japan

Abstract

It is well established that patients with Parkinson’s disese (PD) respond well to
L-dopa therapy, but those with striato-nigral degeneration (SND) respond poorly.
A possible explanation could be a loss of striatal dopamine receptors in SND.
However, few attempts have been made to examine the alterations of the striatal
dopamine receptors in SND.

We studied the dopamine D, and D, receptors in PD (n=7), SND (N=4) and
controls (n=11) by positron emission tomography (PET). [''C]N-methylspiperone
(["*C] NMSP) was used as a ligand to study D, receptors, and [Y'C] SCH23390
was used to study D, receptors.

The results showed that D, and D, receptors in PD were not significantly
different from those in controls, but there was a trend toward elevated binding
potential of D, and D, receptors in PD. The binding potential of D, and D,
receptors in SND was significantly lower than those in controls and PD. PET
images showed that the decrease of D, and D, receptors in SND was remarkable

in the posterior putamen.
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PET imaging of dopamine receptors is useful for differentiating the two dis-

orders.
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Fig.2 PET images in a control
(left image) and a patient
with striato-nigral degen-
eration (right image) fol-
lowing i.v. injection of [
C]N-methylspiperone.
(From Shinotoh et al.”))

Kinetics of ''C in the striatum of con-
trols (QO), Parkinson’s disease (A),
and striato-nigral degeneration (E)
following i.v. injection of [M'C]NMSP.
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degeneration (H) following [*'C]
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Receptor study of psychiatric disorders using PET

Tetsuya Suhara

National Institute of Radiological Sciences
9-1, Anagawa 4-chome, Chiba-shi, 260 Japan

Abstract

Recent receptor studies of psychiatric disorders using PET have been focused on
the change in the number of D, dopamine receptors in the striatum of drug-naive
schizophrenic patients. One study confirmed an increase in D, receptors, while
another study denied it. Although there were some differences in the approaches
of the two groups, the reason for the discrepancy is not clear yet. Looking to
psychiatric disorders other than schizophrenia, our recent study revealed a pos-
sible role of dopamine D, receptors in bipolar mood disorders. However, some
problems must be resolved for further receptor studies with PET. For example,
our recent study shows that desipramine decreases the in vivo binding of dopamine
D, and D, receptors whereas there is no effect on dopamine D1 and D2 receptors
in vitro. Additionally significant methodological problems lie in the method of
evaluation of the non-specific binding and the effect of endogenous neurotransmit-
ters. Moreover, difficulties in the diagnosis of psychiatric disorders and ethical
problems in psychiatric research are critical factors in receptor studies with PET

in psychiatric disorders.
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Mesurement of Striatal Dopamine Metabolism with 6- [**F] -fluoro-L-dopa and PET
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* Departmant of Radiology*, Department of Neurology**, Department of Neurophysiology***,

Faculty of Medicine,
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Abstract

Striatal dopamine metabolism was studied with 6- [*F] ~fluoro~L-dopa (**F-
DOPA) and PET. The subjects were normal controls, and patients with Parkinson’
s disease (PD), parkinsonism, multiple system atrophy (MSA), progressive su-
pranuclear palsy (PSP), Alzheimer’s disease (AD), Huntington’s disease (HD) and
other cerebral disorders. Cerebral glucose metabolism (CMRGIc) was also mea-
sured in these patients. Striatal dopamine metabolism was evaluated by the
relative striatal uptake of *F-DOPA reffering cerebellum (S/C ratio). In normal
controls, the S/C ratio was 2.82+0.32 (n=6, mean+SD) at 120min after injec-
tion of *¥F-DOPA. The S/C ratio was low in patients with PD, parkinsonism, MSA
and PSP compared to the normal controls and thus coincident with the sysmptoms
of parkinsonism due to decrease in striatal dopamine concentration. The decrease
in the striatal CMRGlc was also observed in patients with parkinsonism and PSP,
and it was preserved in patients with PD, thus representing that more neurons
were damaged in patients with parkinsonism and PSP than in patients with PD. A

patient with AD having symptoms of parkinsonism also showed a decrease in S/

* JuI kg
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C ratio. In a patient with HD, the striatal CMRGIc sharply decreased, but the S/
C ratio was normal. The measurements of striatal dopamine and glucose metabo-
lism with PET may be useful for studying the pathophysiological mechanism in

patients with cerebral disorders.
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Graphical analysis of ['®F16-fluoro-L-dopa uptake
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Fig.5  Graphical analysis of ['®*F]6-fluoro-L-dopa uptake.

%1073
10

1

K value
o
T T
- -
iHon
§> -3
[dw)
®

S
T
©

1 1.5 2 .5
)

2
S/C ratio (120" Fig.6  Correlation in S/C ratio and K value.

212 (B 4),F 5 \Zgraphical method#% f > 7onormalized time & ##5 A~ *F-DOPAD ALY
AL OBGE¥RT, normalized time 1007 TRREEKELEL-> TV 5, ZOHEEK
value) & #RgiR/ /PG ILIER 6 TRT & S B CHEE LTS,

2, N—=F VY EPD) - F 2V LEBRE(parkinsonism) B T B MEFFI KRB
CREAH
SR XUV URRE =Xy VREBERBCECTHET 2 L, P oABIICThORTY

158



5 [PF]—7nd g F—r3 B REE R — 8 AREHEE

DA uptake (=) and striatal CMRGle( <)

S/C value ng/100ml/min
4 -
% p<0.01 10
, i
3F ] ° H J
Toat i 8
2 . e |2
Taf Nk 't 162
g *T 8 “‘F‘i‘ a “
3 14
1 -
42
0 . ‘ ; 1 Fig.7 DA uptake (*) and striatal CMRGlc
control PD parkinsonism ().
(n=6,7) (n=6,8) (n=5,7)

KTF2A 6N (p<0.01), MAEEERBIL —X Yy VIRTREBER LEY b 2o b

59, SN—F vy VEERTRAEBRLRETYA 6 RI2(E<0.0)(E7),

LUF, % & CBIERBOBER L~ 231 B HCH (L) L Foe 3 ACEmE R (TR
iRT, BEEERAMECODCTRICAZr — Vv TERLI, F8EEE L S—F 2y VKA
ORI LN I U DOBERTH 5, Y —F 0 Y VRBBTHHEAHL L (RIcnT
WIeHS, BRI E SR T D N0 G IICAR T L T vz, BT xR S A
BOTEF 2SI EPERETLTORD, RITOM O » T2 AL e, #FHEE —
XY =XLDBRETH P I VRBEPETLTOR B —% 2y VREERE AV —7

Juvenile
Parkinsonisw

wovnyl

voluntaer

Fig.8

159



§ oo

»
.
%

Fig.9

Al At

A TR LA

Fig.10

18« I ZEHEEOPCA), ¥+ 4 « N v —#F —EER(Shy-Drager syndrome) ¥ & U&7
ﬁﬁ(PSP)‘%%@@{%ffﬁ?o Z ﬂ ro @%F&f‘&i }“\/\o Ry -‘/{’%%iﬁlﬂ j‘h(: BT {) 1&—}—; L T
J2o 23— %Y EHEBEPSPTIRBRB OET L T2, RIMET vy =—0K, NV F

160



5 [F]=7ndo R -0 B REE R —r s A UHHIE
MNURBLIUT ANV VIREBEDOEBRTH B, T A = —RTIRBERBP AR L ©
PR TEINAR T LT ey?, P o fURIERThH -1, L L, 2 S—F 2y Ve
PRUIGEFRTIR NI R IET LTI, Ny T v b IR TIERSRIERHIE T L T
wizhdl, FAIVBBIEETH- 1, YAy VRO I DERT S FETH- 72,

5, =& =

N— XY RIS BE SRR YI R 2 —u VOBIRIIE S R E T AERTH b,
PET L ¥F-DOPAZ Ve 2N E TOWIET b, »S—F v v WREEHRSEERD N9 Vo
EFPRENTCBY, B8 N—%2 Y VRDAD — % 2 v ERETEGIT b MREtE T D18
F-DOPAERBOK T AL NI L ) bbb NORENL, ~—% 0y VREERIC - T b7
=Xy VR LRGSR I OB TERL T b,

W= Y R F O TIRESREN I UHOERT I 22b 67, BUHOETIEAS
ML o R AR CF TN I 22— DD 2EARTOELL0%0TH b, B
KDY RO ANV OB EH O bT LE L5 L, MSEakt L TofEha%tL

{wrkELLNSE, 272, "C-N-methylspiperoneZ V12 N3 v 2 7 X — s DI E
LB L, =XV Y URTIRFEPEAT v X —BiEl o T ), RO L
AICEFT AHAD A NI EHREVENT 2, 2DL 5, FAAIVRER-TAHT Y+
ZRTEBTRECYDH Y, »S—F Y VRIS P93 U EFHUE O MBSO W ¢

ERLBRDbNAE,
b AU FLIE R AT IR LRI L 30 00 B RIS L (R EEIE C O iR, BRI H &
CHERBI O T 28 L7222, 2RI THEEN I voa—o VKB A K

NI REAIETL Ttz 7Ty nd =—3RTOPET#H Iz K93 VOB IXIZ LA
Elrvdd, bbhOBER LIERID I bot—F% 0y VERELPR LI THTE N9 S
EFLTw, N Fr b DRTRBSEEERBOER T »2b 63, Py UEHIER
Th-ot, Leenderst ™ 4 [HEDIEFIRE 2 LT 5, »rF U b UIRD £ { OREHIT 84K
DEMEVPAOLNL I DG, YFPAFIF UL N I VBER LAGCEELLNS,
Ry Y FY N ORTRY T 2%y 2 7 X —BEEDIR TS 6T x b, W9, o F 7" 2Hj
DFRIVR=a—0 VBB EP LY, verx—lIpEEanTestEL 005,

g )

E-DOPA £ PET % B Tl 1€ 3 o CBHMsE 2 47 o, BEFCH L R C Aot 2 it
L, LIFO#E 557

1) 35 DGR/ /N LS B E BRI RN L, 2 O 31300183 £0.0023min~", 1204
f122.824+0.32(mean+=SD)T H - 12,

2) SRy URBET R BT B9 3 SO BT LT rons, BERH

161



BRI T vz, —lFITIAHAFRSEERD A2 72 6 TR T R8I Y REMETL T
7o

3) =X Y= XADBEETEN I RSB ERERBMP L LIETL TR Y, L OEAHL
= a—urOEEINIRES NI,

4)OPCAShy-DragerfElEHE L F O ZRAMBIELL IO T H Vs3I VR GHOE T A LN
12,

5) Towwand =—{TR P v UEHIERRIC N T e ile 2 v —F vy VIERER LT
TR I EPMET LT,

6) NrF UM CEEIRP Y 4 vy VIRBEETIRREII I © TGP L T e,
Foe3 U RBRRIIN T eI,

Mg %3 AR OMIE SRR £ OFe TRGTT 2 2 L & b S RERIREF OERI2
Wr, BEIEEOHE, FLBBEL AT E 2REED b, 3 611k I N L REDIKRR N
D—Bitieh Iy s ELEbNI

SENE

1) Firnau G, Garnett ES, Sourkes TL, et al.: ['*F] -Fluorodopa : A unique gamma emitting
substrate for dopa decarboxylase. Expeientia 31 : 1254-1255, 1975.

2) ZHEEE, SME, —KF-—, i PFERRG -7t n P YRR EE O, ZEF24 11190,
1987 [#58%]

3) Sokoloff L, Reivich M, kennedy C, et al.: The [**C] deoxyglucose method for the measurement
of local cerebral glucose utilization : Theory, procedure and normal values in the conscious
and anesthetized albino rat. / Neurochem 28 . 897-916, 177.

4) Phelps ME, Huang SC, Hoffman EJ, et al.. Tomographic measurements of local cerebral
glucose metabolic rate in human with [®F] 2-fluoro-2-deoxy-D-glucose : Validation of
method. Ann Neurol 6 371-388, 1979.

5) Brooks RA : Alternative formula for glucose utilization using labeled deoxyglucose. J Nucl
Med 23 : 538-539, 1982.

6) Leenders KL, Palmer AJ, Quinn N, et al.: Brain dopamine metabolism in patients with
Parkinson’s disease measured by positron emission tomography. / Neurol Neurosurg Psychia-
try 49 1 853-860, 1986.

7) Martin WRW, Stoess! AJ, Adam M]J, et al.: Positron emission tomography in Parkin-son’s
disease : Glucose and dopa metabolism. Adv Neurol 45 : 95-98, 1986.

8) Garnett ES, Lang A, Chirakal G, et al.: A rostrocaudal gradient for aromatic acid decarbox-
ylase in human striatum. Canadian | Newrol Sciences 14 (Suppl) : 444-447, 1987.

9) Otsuka M, Ichiya Y, Hosokawa S, et al.: Striatal blood flow, glucose and dopamine metabo-

162



10)

1D

12)

13)

5 [®Fl=7nda F—rSERAuREk F — s AREEE
lism : Difference in Parkinson’s disease and parkinsonism. ] Neurol Neurosurg Psychiatry
(submitted)

Hokfelt FH, Ungerstedt U : Electron and fluorescence microscopical studies on the nucleus
caudatus putamen of the rat after unilateral lesions of ascending nigro neostriatal dopamine
neurons. Acta Physiol Scand 18 © 415-426, 1969.

Hagglund J, Aquilonius SM, Eckernas SA, et al.: Dopamine receptor properties in Parkinson’
s disease and Huntington’s chorea evaluated by positron emission tomography using *C-N-
methyl-spiperone. Act Neurol Scand 15 : 87-94, 1987.

Otsuka M, Ichiya Y, kuwabara Y, et al.: Cerebral blood flow, oxygen and glucose metabolism
with PET in progressive supranuclear palsy. Ann Nucl Med 3 . 111-118, 1989.

Leenders KL, Frackowiak RSJ, Quinn N, et al.: Brain energy metabolism and dopaminergic
function in Huntington’s disease measured in vivo using positron emission tomography.

Movement disorders 1. 69-77, 1986.

163



6

R barCTIZ X 5 llaNIGHIEER
HIEIR DS & w4 A —2>> 7

4 B OR*/LE

A New Methodology of Second Messenger Imaging for Higher Cortical Functions

by Positron Emission Tomography

Yoshio Imahori and Satoshi Ueda

Department of Neurosurgery, Kyoto Prefectural University of Medicine,
465 Kawaramachi Hirokoji Kajiichou, Kamikyo-ku, Kyoto, 602, Japan

Abstract

Neuronal manifestations are driven by second messenger systems in central
nervous system through the neuronal transmission process. Receptor-mediated
phosphatidylinositol (PI) response images may reflect neuronal activation in
higher cortical function with a high sensitivity based on the common amplifying
mechanism of the second messenger. Many bioactive compounds related to PI
turnover have simple carbohydrate structures without amines and [''Clethyl-
ketene acylation has been found as the most effective labeling method of these
compounds for positron emission tomography. [*'CJethylketene was produced by
the pyrolytic decomposition of [1-!C]butyric acid. This new method was made
possible by the reaction under the no-carrier-added condition. To visualize the
response in vivo, we synthesized sn-1,2-["'C]diacylglycerols (DAGs) as a specific
tracer for the PI response and [''C]phorbol esters as a ligand for protein kinase
C. In autoradiographic studies it was demonstrated that s»-1,2-["*C]DAGs incor-
poration sites were discretely localized especially in the neocortex, which were

concomitant with columnar structures. These results suggested that

* BUERHT SLIERL K SR M st
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sn-1,2-[""C]DAG can serve as an extrinsic substrate for the PI turnover by the
phosphorylation mechanism and intensive neuronal processing, as a higher cortical

function, occurs in these areas on the basis of receptor-mediated PI response.
X U&IC

R b v »CT(Positron Emission Tomography)idCT, MRICZERFF L v 2 > & a— X —lF
JEHSEHAM T H 595, BEBHLEROAL T, 2ONET 2 HL2EHR, T b bEBER
g, Zova—2 G, HHCUEMBEZERMNELZEICLY, 2OMBIRE LR ARRRENL
REMR P B EDT S 2H N L FETH 5, BidHRD THEERCAY—LERTH Y, Ko
i & 12 2 C DERIR I ARSI AT W 2 MRARE YR D & HHE AR T A RIS X D D
M2, IO PIET AT MRS, MRAFE L EOMRAPREOLD LAY RI by
CTR I DERY TN TRMET 2ICUDTRMEZE T AH LU ELE X 5. 310 %
DFEROEEE G UL R e 2 L Ts, B VRIS v a—2 @O LR/ %
PTRBIEDTS 5, FIASHERNEC e LTRE—RAEECH » BRIEIECHAT 5517
PFa 518, 19FOMMEEOR M 2 v 2 —2ARHHO LA ZED 5 2 LT E 29, 2Ol
WD C 7o ACHHE D FRERTOAMBE 2 DX TE 2 EHMTH Y, B e CTOBE L
THHEHETHE, LoL, INOOEMBMREREZOLDOFP R T BRTIE LV, BEGED
B & b R 2 27200 a2 — 2 CHHIE T AR 2 Ml O RO BR 2 BH T 2
TERTE LV, AR S ARG O R F b AL RO S 6 WL b D
LA, FITHIRMEEZDOLDR R L, HDACERZOERMMVHRTE VLGS
EAVEIND, I NREED > F 7 AEE (RIE S NI EER) THIRNERZE(2RA v+
v ¥ % — ; second messenger)DAFIBIH LTI I ETEELHTH B, ©od i fULIRIE
fLanTe 2 MREERDAZARY b o Y CTTHRENT 5 HIETH 529,

AR, ETHEVESI NS P I v EO v e X —DHIEDARE L T b B ARIE
FEDMRIRVIBT S 5 L 50 9 8—F 0 Y URD & 5 R MRIR B ZLOE s
THRIbarCTELBMPITbN s L5 koen™, Z0L ) kEmMzAbed 6
PHBEDOARE TH 2 MEBMEZE e 2T L b bHENFEREEREZO D7 FPr—F
T AW 2 OMRIR B ORI Ry TERTDH L LE LN,

AT IO & 5 B & HANE O FERE & O IR RIZE R 2 © R 5 Ekiiias
AR=P 2 ZOFREMEIZ D 0 TR ~<T2 v,

2 FHRBARBRITER(2XRA vy r=)AllENES

MR ZRROWEE R b o v CTTHRFEEAL L >TE T LD,V FPATDL AR Y
AL TRARBRMOMEETH 5, FFIEFHEMEL Lo Toe 2 HREOMEREREE ¥
T HRIRBR TR F AT AR ZDOFH LW I TTESEDOHERYAEL 210D 12, fh
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BZAEBROMED A & THIIRMNIFRERE T L b bllad v AR 2 1R L 12RIEMRT
ERELREL LTV A,

R IE RS E CBE L ol RS 1012 3 b 1 adenylate cyclase-cAMPR ¥ & f
phosphatidylinositol (4 / & M —n VU VIEE) -protein kinase C (PKO)RMEIF 615, Ca?t
BRBLHMET 2EELRERTFCH AL /2 b= ) VIBEBBMTR T 5 v a2 ) v (Ach)
Dcholinergic receptor, MEE7" X 4 NP®EEET I /B 77X — LEET 5 2 LIRS
NNz DMRERRER S B U 54 7 2 b—n ) VIRERHOMIEABREEREL L TORE
B TEELLO LRI NA LT, JDLIBHEE» LA 72 b= U IRENRH
-PKCROFEEDRY b o Y CTTHEIERE L iud, ¢ M CTOMEREEREENRE Lo S $E
HWHIED Y, BERATH 5 MBI S F 7 ADKIR & © 2 LR b b, iRt
FORBUIKRS(HFSGTR2EELONS, 2L TEARHRORREEY, 36 I LERLED A S
SRALDBHL ELREDLDEL 2 THA I,

3 IHREABREECLSITBZA /- YIEERE CPKCHIRE

bbb ILIZHIBATEREEOR Y b v Y CTHEB(LO B FiaE L LT /> b= Y ¥
TEEH-PKCRIZEH LIz, ZOMBNERZEZERIMEECZ( oM T o520 k=2
D UAEEIE = 2 —n U EENT I B(glutamate), ¥ 2INIRERL, BURTERL £ ORRBRMRE
BUFET S =2—n7 24 FEOEEPRESNTH Y, PRMERO L 72T
FV 7B THCBERELTFEETH 594 7 2 b—n ) VIEEHE 2 Hokints & H 19534712
Mo THEa Ny, ZOGVHIRNEREEREDFERL LT IO TH A2 LI LDE
BT H 37, Pl (phosphatidylinosito)iz 4V YIREDOE%TH bH 21 TORIFEEIZIEZ EA LD
TSENUBTEHED LRTV 5, F72PIP (phosphatidylinositol-4-phosphate) e PIP, (phoso-
hatidylinositol-4,5-bisphosphate)id D b T 90 5% EETH 5, TN L IIHEEY VIBET
& % phosphatidylcholine (PC)%°phosphatidylethanolamine (PE) TR TAhe, Ly
L7e»'GPI PIP, PIPI2#sEMEY VBB L E b s & 5 12 ZEMIEMEI/LIC & b phospholipase
C (PLODIEEAL»FE I L4 /& b= ) VIREGHEET R 5,

—%, PKC¥?RIED HIE7 v 2 — 2 =002 ZR L L TED G NICY, 1,2-2 7o)+
o —v(sn-1,2-DAGHZ X b PRCHEDEMIHE I A2 6 f 72—V UVIRERHE ¢
T A Z LHTEERRA N, MRS Lo TAM Y a— o LT A L ORI IEREER L L
THRILS 02D, FHIABE Y 295, 4 7 v b —n ) VIREREHNIE ZE AR
(dual turnover)# 8 L, % ® 1 212IP, (inositol trisphoshate), i idsn-1,2-DAG# AT
T, IP 2 HlaN i Ca? B E 2 S &, MR CWEPHIEEMH - L 0 PKCEHIELS ¥ TE
MEHED ) vBLe ~ THIIRBEORKELZET (B 1), BRI 1 MBEOHED -
1,2-DAG#» phosphatidylseline (PS)DF#E FTPRKCOCa*> #AMEL =9 5 12D IZPKCHIEE
fLais,
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Calcium store

/w@ ISP Ca/Call Protein
Ins1,4,5P3 kinase

Protein P Q
@ CELLULAR
RESPONSE
Ptdins 4, 5P2 (PDE)
Protein P
DG D -
22 @,,) Protein
o
> Qé’ Phorbol |~~~
N esters

Phosphatidic acid

Aracai::iic‘ijonic ———» Prostaglandins etc.

1
1

®

i

aTP—Y 4 Cyclic AMP

Monoacylglycerol

Fig.1 Second messenger role of diacylglycerol (DG) and inositol trisphosphate (Ins
1,4,5,P;). (Berridge MJ., 1984).

SN PRSI E R I TR T MR EIC 2 6 LB 25, B IRIET b MIMEE S D85 L L 6
N, BRSO A 3 5 B O 2L WRIEHE T 3 /B L L T 54 2 o
b ) IR PR EER L L CRBIMEORB NS T3 DL EA 00, 2
N2 Tsn-1,2-DAGORBMEMTH 2 7 5 % N VEEHPLA, (phospholipase Ay)iz & b &
B UERERT 5, SRy CHELCHEL Lo TV bDTHE, £12I0L5 %
SR FCPKCH B E Y Y EALE 5] 348 2 LR o33 A iR O KB R > T s %
CLGSHIES R LA bE A GNT B, —F, PKCOIEHEL 4T L b sn-1,2-DAGI 4

AT ¢ M NCa B T H S IS 5 12942, MO & 5 Z0RHHRIE T I3 CaZ*
ATHIBED RIS 5 £ 5 PKCO “HHEHIAL S % 4 651519,

4 FHLUVHEEABREER P L —Y — OBBBIN

HRE T D e HIRIZE B 2 A7 2> G HIE T 2 729 213D TH 0 ILEGTRE 2 F 1 2 185
HEIRHA O BETERIN TR % RF A L E L EEEWE AZHAR T A RN EE L ko T 5,
WAL TEA 72 b= ) VIgE B BEE L 72sn-1,2-DAGRPKCO YV A FE L 3
AR — v A T v(phorbol ester)ls ¥ F v K& & & o ©AEBREYE ~OVNCERRE R D
THEETH b, FRERNTE L > o7, Tl MEZARIRCHCons b r—
F—EF v RIAM (T IV, HrodTrbed LA ETEN ) BT 5 b
DHEL, 2DL 5 LHMRIEEWE 2w L Tkieky 6 "CE#ia vib A F v 2l v 12CHE
Wb Ty, F—r9IVD,REKRDOVCIEBN-AF VAR RY) F—n xRy I 7E
v ZEEDUCIEREPK 11195 GRIgME v £ 7 & —) RRO15-1788 (iRl v & 7 & —) It £ 3R
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VhrYCTHYVZ YL LTEREYRINTC2, 22 Tbhbnid 7 kB TH 27 7
Y(Hurd, 1941) CFH L, #LCUCERE L L TRBEO S CERBRITEETH 5 1CIE#r 7
> ([*'Clpropylketened 3 & [1'Clethylketene) D ARLIZIE U THRIN L 129, 2 OUCIEi# 7
FUORRS EHEEEWEOKBESRT I 0 ER T b T A2 EB O, Rt
= ) CREEARBIIE B L T v R T T A NCER LAY D ARSI i EL
T2 BBEDHLPIIL 512, 85I ORGTIRICIERYy 7 v RSHT OB & 0 ERT
BIRODALTA T AT LIIL B EISBROLKEATWERET D 59, T 7 b bR R G
HEWEOLFEARTIE 2 NULRE > D BELP A REL ER PRS2 D b DIZAARTH 5,
LichioTA 7o b= ) VIRERBE P v —F—D 1 2THANCHEML2-Y T v &
— AN AE Tt ADHBALIC L VI, POEENCAKRTS 2 EHFLONE, 212
HEMET 22 Lo b, FEHOBECICPAECLET S 50T, &Hgas (8186GBq/
umol ; 5000 mCi/pmo) #4835 2 23T &, NEDETH AL o LI /RER RO fEIRIE
DR EEIIEDEERITI LTS 2DTHH, X2 3CIERYy 7 v AR EE ORI
TH5b,

A. Producing no-carrier-added ['*Clethyl ketene.
(1) C3H?Br+2Li—> C3HyLi+LiBr

() Ycoz %’ﬂ‘—’*CSHﬂ‘COOHmC2H50H=”C=O

B. Diagram of the keten generating system

jun Buxiw seo

FURNACE waste

C,H, “cooLi

° . C,H,CH="C=0
HCl/He He

-0~ ! connecter, FC: flow controller, GM : gas mixer
. glass beads ¢ quartz glass wool, TC ! thermocouple

Fig.2  Producing system of [''Clethylketene (Imahori Y., 1989 : Fujii R., 1991),

5 HRerorCTicLsaM /-0l AIEERBRMEEDFEE

In vitroT %Pz & % prelabelingiEd v 6 3 »%, ZOEHIIA 7 & b—n ) VIREA

2k b¥#P-PIP, O fR% ) VIEESHEAERE 7= 2774 —(TLOTZEERT 3 3DTH 3
7, b bAARY b CTLRBHTS 2w, In vitroTIiZ & 6 1ZLit block® b & T[*H]-
inositol % B TPIfLHHZ s U T B3 ¥ 5 [*Hlinositol phosphates®? 0 EtEET 3 4 DT H 5
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1,2 DAG
a o

o
,,/mn-'“c"—/ﬂ
o o

counts

MAG . ® .
Fig.3  Compartment modeling for PI turn-
over.
L1 1 1 1 1 Fig.3a obtained from the studies of rat
e 10 20 30 40um

coincidence counting system suggests
(a) the metabolic trapping of 1,2-DAG

CBF not but MAG (monoacylglycerol). Fig.

4t 3b shows the PI turnover modeling
liCp Kg which we proposed on the basis of
Cplt) : DAG - CDE;’/TI’) AG Berridge’s theory. The model consists
Vi K| 2 PIP, of two components ; one is membrane
| V3 transfer which is dependent upon CBF
Degradation Membrane (A fCp, k,), the second step is unidir-
(not significant) Trapping ectional uptake in accordance with the

(b) magnitude of PI turnover (k,).

P, ITNARYberyCTUwlE2E 2586 L L TDOME, hexose interconversions®
oxygenasetZ & AT H b D-glucuronic acid & 72 5 Z & &, myo-inositol BIREMRMNIZIFAE
U, Bk CIRIEEHET R I EThH B, TG CET 2 #MBERERIZA 7 2 b
— DT u—2 O compartment model T DERYERE» b Lt L Lbitbil
AR @ L LS wsn-1,2-DAGIIER LIz, s b4 72 b=
CHEBERBOERACOEI & L TUCEMsn-1,2-DAGIR I & b #fk A AITH & (R
D fe w Il & (LY A 0 a,)| DAG |kinaselz & 9 BREFIZ Y B {L % Z J phos-
phatidic acid (PA)® #: TPI, PIP, PIP, ¢ 72 b ##% (7 \-membrane fraction) iz C-11 5 & fk &
N, Z DREHRERVEERE L KMT 2 4 O LF 2 L2 ™9 ol b itb i bpAmiie &
BUCHEREL,2-DAGT 7 v M T OfHHEE 2 R~ 70458, #IRI% 520712 4 T 2 phos-
phatidylinositides (PI, PIP, PIP,)#4E5% L T b i%5 L /2 CREREL, 2-DAGII I < I3 B0 D F%
FOATUCHERL, 2-DAGR PHUH DI tLIZ A b 3AA “membrane trapping” # /"7 2 L # K3
L7219, 3 NODERE»PCBEELLRY ey CTIE & 32 EB{LD 2 Dcompartment
modelTdH 5, 4 /¥ b—n) VIFERBELDOERIAREC LML Z OETEEI KRS (HAET
WA B ERIEE R Zin vivoU T T 2 ME—D L L I 5,

8 sn—1,2-["'CIDAGH L UFC-1148&kphorbol esterD &R iE

sn-1,2-[MCIDAGAKRDEARICI 2 POBRB L ELRDFFETH %, L-a-lysophos-
phatidylcholine stearoyl (& 5 \ldpalmitoyl) % & trpyridinel&iz (= [1'Clethylketene # Ik &
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Phorbol esters* * Amines

 Diacylglycerols™  Steroids
e Forskolin* » Alkaloids
* N-butyryl THPO™* e Carbohydrates

*k . Those compounds have been labeled by using (C-11) Propyl! ketene.

OCOC,H, /CH 3

5CH,0""COCsH:

(C-11) P13Bu (C-11) PDBu (C-11) bPBB

Structure of the (C-11) Phorbol esters

HzC—O—-é‘)*Fh e {-Palmitoyl 2- (C-11) butyryl glycerol
(Ry : CisHa1)
1]
CsHy=""C-0-C~H « {-Stearoyl 2-(C-11) butyryl glycerol
(Ry t Cy7Has)
H,C-0OH

Structure of the (C-11) Diacylglycerols

Fig.4 Bioactive compounds labeled with ['!C]lethylketene.

A AT L-a-stearoyl-2-[1-"'C]butyryl-sn-glycero-3-phosphorylcholine (ketene adduct)#®
AT 5, %D, phosphate buffer (pH 7.0)iE# (2 ¥ v~ T phosphorylcholine # B b & <
729 IZPLC% AV TEEZRRIGIZ & Y sn-1,2-DAGE! D1-stearoyl-sn-2-[1-'Clbutyrylglycer-
ol#iERT 5 2 LT 5 517, C-114EFkphorbol ester D& F%iE & &phorbol ester O iR # &
irpyridineiZ g (= [M'Clethylketene # Ik & :AA T # 1 # D C-11#Z iphorbol ester (phorbol
13-[“C]butyrate, phorbol 12,13-[*'C]dibutyrate, 12-deoxy phorbol 13-isobutyrate 20-[!!
Clbutyrate)p’ AR T & 52152020 = 91 6 D bk ST EE 1293 ~186GBq/umol THE ® T & <,
extrinsic metabolite R Y AV N E L TOAEEEY AT DEEL LS (K4),
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1T A/ b= YIEBERE-PKCRDIn vivoF —F 3247374 —8&
UFZ b o CTEER

C-11E5ksn-1,2-DAG (1-palmitoyl 2-[1-ClbutyrylglyceroD)TIiZE5cD & 325 v Mk

Fig.5 Typical autoradiograms of
[*H]PDBu (a), ["'*C]DPBB
(b) and sn-1,2-["'C]DAG
(c).

Fig.6  [V'CI]PDBu-PET study in a beagle brain.
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DA—=FZIF 2777 4 —TRKBREBEIZIY AL £, KETOPIGHDOEIEE & 2 L
BRELTC A, 2R 2 Y ERHELA (I vosIva ) o) is & bR LY, 3 7om-1,2
-DAGO IR EILAW E L TD 1 -stearoyl 3-[1-1'Clbutyrylglycerol TIZ B b 32 & 12 JE4E
RS mERL, 2 ) SEEHE LAY & IO AR b D Ll h o 12, sn-1,2-[1C]
DAGT I & b 5 v bRIE Iz THEAEAYEE RS 275 L (columnar organization), &%
ZB B MEERE R B AL 2K A v 2 v v —ROMEEE LT3 2 L2EKRT 3,
—7J5, C-11#Z3%phorbol ester T3 ['C]PDBu, [C]P13Bu, [M'C]DPBB, t & Z&'E, 5,
FRRERIZER D AADEED 6 N2 (R5b)e 2DOF— 7P F 25 7 4 —Tidphorbol ester D3 RH
T2 HL Y 3A A % hippocampusiZ 388 5 %, PKCI¥FZhippocampusiZ 202 EPHREINT W
%, H5al3[PH]PDBuiz & ainvitrodA — b+ 7425 7 4 —Tdh 3 »’Eib &t DFELE ¥ RT,
% 72 ["CIDPBBOHL b 3A 213 JE#E #phorbol ester Treplacement¥R & 454 & #1in vivoll s
TPKC L OiEADRE S 1220, [VC]PDBu¥ Huw 12 ¥ —2 v R TOPETOH#EH1Z, Patlak-
Gjedde plotiz & #ULH G 2> Zuni-directional K EIE# /R L, ZOFEEIZa v =P AV [ EF
M~ DFREE R R L (B 6 ),

8 R POYCTL 2ERBEEERES A —2 v FOHAEENE

HIENIERIZEE A 72 P =) VIBBERBTA A=Y 027752 L 32T L A FREDOMEE
REBROV ARV ZRHBIDITUD O TR G RKMEERECLT tFrva) v (aAh)
CEENE) VX I VERIC S VBEEEVITON TI VR TIRE L ICBERERMII 0T 2
OREFPLINTOUELEEZLNTV S, ThbbRMEEIL6 B L O LOEEED R
D65 H, ERIEEAED AL L L Tkt L ARIREE & (columnar organization)n® fiik fig 5|
S, AEECEERIN T 529, 2R RE 2B TR S NEEH150~300#mD column®h’
1 OOBREHBAM PR D L (HTaloRd), LHE(process) t ELid(distribution)#47-> Tw %, T2
DOANBERPERLTHRNCT 2080870+ 2 TH Y, columnd i h % —F D JE EIE
~ERYETOVEBTDY, ZORBEMEEHLTCsD274 7 ¥ b —n Y VIREREHIC
BEELTOCA27 e Fva) (a2 ) AMEEIHE) 27V 2 I VBETH 5, bivbh o Ekiigk
BEA AV 7ORBRL L2530 LTELTO 5D, HHIL TV A columnar organization
BEOD A Dpopulation® B Y b v o CTTHIE/L L BrodmannD Rz &b LT 2N FNOE
KRR M T A 2 L Th 3, bbb d B izsn-1,2-["CIDAGTD F v b T Dcolumnar
organization R (FTo)IXZ 2 D & 9 LA F» LRI b rCTIt L 2 EHA~DE—~HLEA
BTEECERLHMATHE EZ L 0N5,
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assoc.-call.
aff,

Columnar organization (a)
(Szentagothai J., 1978) and
columnar structures in s»%-
1,2-["'C]DAG study (b).

9 A/ b—nY CIEERB-PKCHREDICH CRE

T I - — D 2 v 3 — 2 DBAEPRIED R o N B HT, THUIGBEIET 2 /B
DEEAS NG EELLNS, KMEKETOEE L MREWE T H b2 v 2 3 VDR M
O RS 2 DOFEE, MHERARE A L 7N PR E R IR IR I (membrane  pertur-
bation)p 4k CRE» FR LIc 2 bhs, T4b bIMTIRMEREEFVER LIV, LIS
DRBIZEZ D b O —HEE L LEFIRBCE )T v, 20k 5 Il 6 RE LIS

TR S R L MEES L COMBNEREERYIEET 2 LUERYHL LH
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26k, B, MELHEIZSCTE, SOFETOWEYT T4, BEMEDA /& b—
) VIRERH OMRESTER S L2 0, B MR Dsn-1,2-DAGEED BN &

NTw 52, 2 I2PKCOIEME LA IR T ORIEFHRT Dinitial stepT d 5 & T 5, MR
Mmiz & b 7% 5 iEE - PKCOinhibitor ThH 2 H-7T0O# 5 TKRET 2 MEL EWAMNTR D 3

3, BB O ST b2 iERbanioobh 5, MEEMEKCH T REDbNDLIZ
MoeefED T 28 2 NIEHIEME L PKCLERZH - TW0 2 bDThH S, kHIFAT 1 E
—X—tEbN T izphorbol esterld PKC#EHALT ARTFTH 5, I NRZIEEDO—EH
DAGEBI T vV ER Y VELY A L RIS RRs FET 2 b0 TH LY, ZOR Y

= X LRI G T g L PKCOtranslocation?” % down regulationZE O #5454 A,
F 2 —H THMEK F(PDGFFGE) BT 5 4 7 & b—n Y VIRERSOBE b Inb b —#c

BMMTE 2w, FLRBEET LA 279 b= ) VIFERBOEME L OBE T s ST
H B, rostsrccOFBRIZFOEDD A /& b—n ) VIRER#PEESE S 2 LFEHCHET

37, HAE, BY b e CTe L 3 MMEELCBE), BENAHECMRO,), 27 va— 2 fLHx
(CMRgle)ds & 8 2 DEEEREK,, ky ko) ERTTUEREE 2K L, EHRECZA- T

2 H7028 3 Iz NCHERRsn-1,2-DAGH 5 IZNCHEFR AR VAR — v R F v o4 2 v b —
) YRREAGE-PRKCROBIZHTAIRE L e U, #7 L CHFRSEEP Y, » 2 fekDOWsE L DM
HMEERHRT A I LI, MREHREERE(2KA vy Y —R)» 6 IR R

BEEZLND, bitbildAd /2 b—v) VIRERH-PKCRORY b u Y CTHATIZEIL T

Wi bicd b, HhBhEr vOERPEH Lo Tv b, JOFREVRERELELD

NESH~D vv  TEL, MREEREERES L 2 S R 2 iMlgFREE#EL

IR ENTT A 2 L 23WTRE & 0 SR OMRDR B ORIBIFITIZ b L & b 2L HEIRDERE S
H B CEILED A D =X L OWF2E R EOF2 LRI T OMEIRHEDO DIz 5T
HHI,

E I

Tak#r s bz h, VEHFREE - PREWDEIE R, WFeil, BEAES LA, mFsELs
S ORI SLERR O BMRE, L6 CCHURERRERIERS: st sist - Pl AT, |
ERFEFA 7w b v Rl Y Z— FFFEBEPGRCEH L 2 7. L HARMIRIE ALY
B— i AT9CB (02454337, W9efl&k# - LH B OEMEZ 72,

FEXE
1) Hirakawa, K. and Imahori, Y. : Positron Emission Computed Tomography as an Imaging
Tool for Brain Function and Metabolism. Medical Technology, 18 (11), 1018-1023, 1990.
2) Imahori, Y., Ido, T., Fujii, R, et al. : C-11 labeled phorbol esters : The specific binding to
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