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CYRIC Annual Report 1995 

PREFACE 

h血issix低enthissue of白eCYRIC Annual Report, we summarize白eactivi阪 for

resear油 anddevelopment and results of佐話凶ngfor radioisotope safe－佐・eatmentat Cyclo位on

and Radioisotope Center, Tohoku University during the calendar year 1995. 

In 1995 research programs in various fields such as nuclear physics, nuclear 

chemis町，solidsta臼 physicsand element analyses by PIXE and activation were canied out, 

and radioisotopes were produced for use in engineering, biology and medicine. At出esame 

time several facility improvements have been carried out. A to阻lof 3500 hours of白e

cyclo佐onbeam wぉ deliveredfor the scheduled researches, while 50 hours for research and 

development for the accelerator and rela旬dfacilities. It should be noted here白紙atwo weeks 

long unscheduled shut-down occurred in白isye釘 dueto the break down of血eRF power 

supply device, while unscheduled shut-down so far experienced by the last ye紅 Wお也凶也d

to a few percents of由eto阻Ibeam time used. In almost 70% of the beam time, protons were 

accelerated for nuclear physics and short-lived radioisotopes for medical and other studies，加

15% deu低ronbeams for血eぬmepurposes, while in 7% 4He beams for material and solid 

S胞.tephysics. Heavier ions such as 13C and ISN have been accelerated as well for some 

limited works. 

It is plausible to note由atstudies wi白PD包飽chniquehave been carried out by using 

electro-static accelerator.，泊stalledat FNL (Fast Neutron Laboratory）泊 GraduateSchool of 

Technology, Tohoku University,・ under the scientific tie up between CY阻C and FNL. 

Indeed, more than six groups紅erμnning under this project 

During 1995, 522 of staff members and students of Tohoku University were trained 

at血isCenter in出e.beginner’S coぽseof safe handling of radiation and radioisotopes, while 

254 staff members and students in出e”x-raycourse". In addition, a new course of safe 

handling of radiation from a SOR (Synchrotron Orbital Radiation) has been opened, and 38 . 

of staff members and students of Tohoku University were住ained.

On 20 and 21Nov.1995, the annual conference of CYRIC was held. A symposium 

rel a低dto 3・DimensionalPositron Emission tomography (30-PET) was set as the special 

session of血isconference celebrating accomplishment of血ePET sys胞m.In addition to白e

33 orally presented contribution papers泊 theconference, four lectures including two泊vi凶

talks by Professor Sugishita of Tokyo University, and by Dr. Uemura of R岱 earchlnsti卸旬

for Brain and Blood Vessels-AKITA were given in血esymposium. 
As so far been mentioned in the last issues，出epresent Model 680 A VF cyclo佐on

with K= 50 Me V is becoming less powerful both qualitatively and quantitatively from the 



view po泊.t$.of progress of sciynce and activities ofτ＇ohoku University. Some people may 

明白emoreene唱eticand/or !¥gh・ 悦服beamsincluding白oseof heavy nuclide or even of 

unstable nuclei. Others expect白瓜 polarizedand unpolarized泊tenseneutron beams may 

prom訟efu巾 .erfrui由1researc~es for physics組 dtechnology. 

On白eo伽 hand,de削orationof由epresent A VF cyclotron is evident, an ex削除

for which is the break down of白eRF power supply. It is of crucial卸iportanceto replぉe

the cyclotron by a new one with higher specifications to m剖ntain血epresent activities in 

CY悶C.We are pl制由g飢 d問凶血g由ebudget ω飽：plおe由epre 

cyclo佐onwi由K=130MeVAYF cyclo町oneq凶ppedwi血 high－泊te郎 itynega姐.veion’sourc e 

toge・曲erwith ECR heavy-ion飢dpol組 z.ed-ionsources. A number of projects as following 

are presen低d;

( 1) Nuclear Physics by Polarized Neutron 

(2) Search of New-element and Super-unstable Nuclide by Heavy Ion Beam 

(3) Labeled Compound Synthesis of Medium-heavy Positron Emitter 

(4) Diagnostic of Heat and Brain Diseases, and Cancer 

(5) Brain Research by Posi佐onNuclear Medicine 

(6) Cancer Therapy by Bpi-thermal Neutron and Boron Compound 

We釘every grateful to,Tohoku U凶versityand to出eMinis佐yof Education, Science, 

Sports and Culture for their cop也moussuppo此．

J釦 U紅y1996 

Hikonojo ORIHARA 

Director 。clotronand Radioisotope Center 
Tohoku Universi，砂
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I. 1. Shell-Model and Distorted-Wave Analysis 
for the (p, n) Reactions on 6'7Li at 35 MeV 

Orihara H., Terakawa A .. Yun C. C .. ltoh K .• Yamamoto Aリ TeramotoY., 
Matsumura N .. Nakagawa T.*. lshii K＊本 andOhnuma H.*** 

Cyclotron and Radioisotope center, Tohoku University 
Faculty of Science, Tohoku University* 

Faculty of Engineering, Tohoku Universiゲ本
Department of Physics, Tokyo Institute of Technology, Tokyo 152材＊

Because of their simple structure consisting of 4He plus two or three nucleons，出e

mass 6 and 7 systems provide a good place to explore the effective nucleon-nucleon 

interaction through, for ex創nple,charge-exchange scattering. 6Li nucleus is only the odd-

odd target which provides a strong 1＋→ o+ GT-like transition in a pure m創merfor scat句ring

experimen包， whilesuch aJ = 1 GT-contribution involved in the 3/2・→ 3/2・and3/2・→ 112・

transitions in m総長7nuclei plays a dominant role for spin-isospin excitation in these nuclei. 

A number of experiments have been reported concerning nucleon and electron scattering，槌

well as charge-exchange reaction on 6・7Li14>. Moreover, there should be interesting higher 

excited states, for which two or three neucleons are excited through a different type of spin-

isospin exci旬.tion. 

From the view points of effective nucleon-nucleon interaction between particles or 

p紅 ticle-holein such a simple system, it is significant to extend scattering experiments over 

high-lying states whereas no reliable data have not yet reported for the transitions leading to 

出efirst excited state in 6Be and higher spin states in 7Be. Recently, Petrovich and his 

collaborators have reported5> consistent folding model description of nucleon elastic, inelぉtic

and charge-exchange sca抗.eringfrom 6・7Li at 25・50MeV.

In this report we discuss firstly the experimen凶 resultsfor the (p, n) reactions on 

6・7Li{p, n)6・7Be at 35 Mev, then perfo口na shell model study with presently available effective 

nucleon-nucleon interactions testing how the observrd level structure is reproduced, finaly we 

compare the experimen凶 andcalculated cross sections. 

The experiment Wお切口iedout using a 35 Me V proton beam from the A VF cyclotron 

and the time-of-flight facilitiesの at白eCyclotron and Radioisotope Center at Tohoku 

University. A beam swinger system was used to m伺 sureangular distributions of emit凶

neutrons between O。and11ぴ(lab).The旬rgetwas a metallic foil of enriched 6・7Li prepc訂ed



by rolling. The thickness and enrichment of白e匂rgetwere, r1回 pectively,2.0 mg/cm1 and 

99.9%. 

Neutrons were de飽C舵dby an訂rayof twelve detectors, which were lo伺胞dat 44.3 m 

from the阻rgetand con旬ineda to凶 of23.2 liters of NE213 scintillator. The de飽ctor

efficiencies were obtained from Monte Carlo calculations for monoenergetic neutrons with :Bit 

~ 34 MeV. Absolute detector efficiencies were also measured by counting neutrons from the 

7 Li(p, n) 'Be reaction and comparing its yield with the absolute neutron fluence determined 

by activation. They were in good agreement with the Monte Carlo calculations. Overall time 

resolution was typically 1.3 ns corresponding to 200 keV for the most energetic neutrons. 

Errors in the absolute scale of the cross sections were estimated to be less白an15%, and 

those for the excitation energy were ±15keV. Further experimen凶 detailshave been given in 

a previous reportη． 

Figures l(a) and l(b) illustrateぬmpleneutron excitation energy spectra taken for the 

(p, n) reactions on 6Li and 'Li, respectively. Lines in the figure訂 eresul胞 ofp悶 k-fitting.

W抽出ereported width of 1.16 MeV8> for the first excited state in 6Be, consistent戸ak-fi凶ng

results have been obtained over the angles measured. As for the 7Be case, two peaks are 

analyzed for neutrons leading 1to the戸rticleunbound 4.570 (7/2") and 7.0 MeV states, the 

lai伽 rof which may be a comp9site p伺 kconsisting of those to 6.73 (5/2・） and 7.21 MeV (5/2-

) s凶 es. The width of the ~.570-Me V state is seen to be narrower由anthe p陀 sent

experimental energy resolution; of 200 ke V, while出atfor the composite p伺 kis-1.0 MeV. 

針・edic附 leveldiagr~s are com抑制inFig. 2. Shell model calculations over p-and 

full sd-shells have been carri~d out with the code OXBASH9> by adopting three types of 

effective interai伽 ns:namely, p附 Y:Michigan 3・range-Yukawaby Bertsch et aI10>, PWY by 

Warburton 11>, and CKPσr by ~ohen and Kurath以 Asseen in出efigure, the experi印刷

level diagram for 6'7Be is reso~ably reproduced by shell model 叫 culationsamong which that 

for附 Y,by which microscoptc DWBA叫 cul剖ionis戸rformedas d郎 cribed蹴 ron, gives 

the best fit results for both nuclrei. 

In Figs. 3 through 8, illustrared are experimen凶 andtheoretical angular distributions 

of neutrons leading to the grbund and first excited states in 6Be, and those for neutrons 

corresponding to the four p~aks in 7Be. The data are comp訂d with the DW  results 

伺 lculatedby白ecompu町 codeDWBA-7413>, which includes knock-on exchange effects in 

an exact m組 ner.Note出atfully an ti symmetrized calculations are made in the present DW 

analysis, in which non-normal戸rityterms suchぉ AJ(AL,AS) = 1( 1, 0) for the o＋→ 1+ 

国 nsitionalso contribute to the cross section. They. inde吋 playimpo陶 ntroles in some 

cases. Optical potential伊rametersof Becchetti and Greenlees14> are used for the entrance 

channel. Those for the exit channel were self-consistent pot印刷 parametersderived by 

Carlson et aJ15>. The effective nucleon-nucleon interactions used in the present DW  analysis 

are those by Bertsch et al.。13Y)10>. Sensitivity of such calculations to the optical-po低ntial

戸rameもersis elaborated in Ref. [13]. 
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The angular distribution for r→ o+ neutrons leading to由eground state in 6Be is 

illustrated in Fig. 3 together with theoretical prediction. This transition co汀・espondsto the 

strong analog 6He（~｝6Be, o＋→ r beta-decay which have a logft value of 2.9. Due to the 

statistical factor for initial and final spin values, (p, n) cross section are reduced, however, 

cross section magnitudes a6Li(p, n) 6Be r飽 .ctionat i;, = 30.2 MeV. For comparison purpose, 
cross sections訂 eplotted as functions of linear momentum transfer q(fm勺．百ieircalculation 

is based on more realistic, complex, density-dependent interaction of凡M16>,being different 

from 恥13Y interaction by spin-dependent, central components. Their calculations 

overestimated experimental results by a factor of 1.6, whereas our present calculation 

reproduces出emeぉurementsabsolutely so long as data at small angles訂econcerned. It is 

noticeable as well that two calculations are quite reasonable as compared in the figure as 

functions of q. Figure 4 shows results for the 1 ＋→ γtransition in the 6Li(p, n) 6Be r伺 ction,

where the cross section is a additive sum over AJ = 1, 2 and 3. It is remarkable that both 

cross section magnitudes訂eabsolutely fitted, and the angular shape is reproduced 

re槌 onably. Among the three J-transfer values, the AJ = 2 component may con旬in

predominantly the a以AL,AS) = 1(2,1) spin-quadrupole contribution as seen in its angular 

distribution shape. 

Results of experimental and theoretical sdudies for the 7Li(p, n) 7Be reaction are 

displayed in Figs 5 through 8, in which transitions to 3/2・and112・groundand 1st-excited 

s凶 esare absolutely fitted, though angular distributions are rather poorly reproduced. The 

angular distribution for the 3/2・→ 7/2・transitionhave been firstly analyzed by using one-

body-transition-density by OXBASH. Cross section magnitudes are almost reasonably 

explained by incoherent sum over AJ = 2 and 3 componen胞. Note that AJ = 4組 d5 

components vanish identically due to limitted model space. 

We have carried out further study to higher states. Two 512-s阻tes訂ereported at 

6.73 and 7.21 MeV in 7Be, though they have too broad level-widths to be observed as 

separated peaks. Indeed, the shell model predicts two 512-states as shown in Fig 2. Thus, 

these two訂 eanalyzed all together as illustrated in Fig. 8. One of the interesting points in the 

present analysis is由eAJ = 1 GT-like component involved in the 3/2・→ 5/2・transitions,

where 1(0,1) contribution is dominant for the higher 5/2・ statesas seen in Fig. 8. An 

important 3/2・→ 512-,AJ = 1 transition has been discussed concerning the 71Ga(v, e) 71Ge 

reaction, whether 0.175-MeV, 5/2・statein 71Ge play a sizable role for solar neutrino 

absorption. 

In summary, angular distributions of neutrons leading to白ehigh-lying states in 6・7Be 

have been measured for the (p, n) reactions on 6'7Li. M伺 suredcross section were analyzed 

by microsco戸cDW theory, where transition amplitudes by recent shell-model theory were 

utilized. Almost all data were reproduced absolutely by calculations. For the r→ T 

transition in the 6Li(p, n) 6Be r伺 .ction,A以AL,AS) = 1(2,1) spin-quadrupole contribution 

3 



1, GT-like 

was found to play an important role, while in血e7Li{p, n) 7Be reaction, (p, n) cross sections 

were firstly analyzed by DW  •theory. An example of the 3/2・→ 512・， AJ= 

甘ansiti on was presented. 
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Fig. 1. A sample excitation energy spec甘umfrom the 6・7Li(p, n) 6・7Be reaction taken at 25° with a flight path 
of 44.3 m. Energy per bin is 25 keV. 
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I. 2. High Energy y-ray Production from Be, C, Al Targets by 
50-MeV α－particle bombardment 

Yamamoto A. , Ishii K. *, Hosaka M. **, Terakawa A. , Guan Z. , Itoh K. , 
Yun C. C. , Teramoto Y. , Matsumura N. , and Orihara H. 

Introduction 

Cyclotron and Radioisotope center, Tohoku University 

Department of Nuclear engineering, Tohoku University* 
UVSOR, Institute of Molecular Science** 

A main process for the production of high energy y-rays in nuclear reactions is 

bremsstrahlung by the nuclear forces. It is supposed that there are two bremsstrahlung 

processes: i. e. nucleon-nucleon bremsstrahlung and potential bremsstrahlung. Nucleon-

nucleon b陀 msstrahlungis produced by the collision between a nucleon in the projectile-

nucleus and由atin the target-nucleus1・2> The potential bremsstrahlung, on the other hand, 

句協 pl鉱 ewhen the projectile (or target) is suddenly acceleratedぉ a“lump’＇at the nuclear 

S町face3・4>.Namely, y -rays by血epotential bremsstrahlung is produced by the motion of all 

nucleons in the projectile or出etarget nucleus. As such, y -rays as high as白ekinemati伺 l

maximum energy are expected to be produced by the lat町 process. Moreover, in theαse 

that the projectile or由e旬rgetnucleus consists of too m組 ynucleons，出epotential 

bremsstrahlung cannot be achieved ぉ well.

Hosaka et al. have shown出剖thetheory of血epotential bremsstrahlung could explain 

well the high energy y -rays produced by 65-Me V 3He bombardments5>. 0町 presentpu中ose

is to study the potential bremsstrahlung for four戸rticlesystem observing the bremsstrahlung 

for αparticles. 

Experiment and results 

The experiment was performed with a 50・MeVαbeamsfrom the A VF cyclo甘onat 

CYRIC, Tohoku University. The target thicknesses were 18.5, 11.3, and 27.0 mg/αn2 for 

9Be, 12・C and 27 Al, respectively. The y -rays were detected with a set of seven hexagonal 

BaF2 scintillators placed at 50cm from the target. Solid angles were defined to be 7.85msr 

with a Pb collimator. The backgrounds which consist of neutrons and cosmic皿 rayswere 

significantly reduced by由euse of the TOF technique with the fast component of light signals. 

from血eBaF2 scintillator. Angul訂 distributionsof y -rays were measured between 35。to
144。inthe laboratory system. The energy resolution・ (FWHM) was幼out9%.
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The energy spec回 andangular distributions of high energy y -rays are shown in 

Figs. 1・6.In the angular distributions, the differential cross sections訂eintegrated over由e

photon energies above 30Me V. The y-rays up to the kinematical maximum energy was 

observed for all targets. The flllgul訂 distributionsfor the E y >30MeV cases in Iaboratoη 7 

frame show a domi蜘制tfo仰何dpeak.Amon 

since由ein低nsi匂rof y -rays ~es 廿ie minimum value剖90。．

Theory 

The one-dimensional ~onnula for血eprobability of potential bremsstrahlung悶 is

expressed as: 

l 令 12
d2P αω 空 2 I , v 
一一＝一「とLIf t1zが（z)e叱・Ek;pjz)
drodQ ｛乙π）ーP戸七 11

where ljJi and ψf are initial and final wave functions, respectively, for出epr，吋ectilesin the 

Woods-Saxon potential given by: 

問。＝穴、
1＋仰ト剥

We釦回t血epotential depth V;o and the effective Q-value Sぉ戸rametersfor the potential 

bremsstrahlung, while we use曲ediffuseness ao and血enuclear radius ro taken from a glob叫

optical po刷 tialset6>. The differential cross section per unit solid-angle and unit photon-

energy is obtained by integrating over血eim戸ctp創羽neterband由e位 imu血alangle中・

t.e.: 

iと＝「bdbtd1 生T

drodQ Jo Jo :i-drodQ 

The potential bremsstnμ1Iung must be taken into account for both由eprojectile and白e

凶 getnucleus. Then, the T-m制xof Eq.(1) is modified as follows: 

I . J Zp 内--.!L.,'' z -Jr. _l!!f._ ,.... l 
号＝1bψtか）一一一F,1..k)e時＋附Ek"Pr- 1 F的e お－；；； E1c"Pr｝ψバr)

I ¥mp＋問 内＋ m, I 

The factor Fp(k) (Ft(k)) is a probability which shows伽 tall nucleons of the projectile 

nucleus (the凶 getnucleus) behaveぉ one開凶clefor photon emission. We fixed Fp(k)=l 

considering白紙 theincident α開rticlehas no structure, and戸rame胞rizeFt(k) with a r伺 l

value between 0 and 1. 

Discussion 

In Figs 1-6，血ey-ray spec甘a組 d由eangular distributions釘eshown ぬgetherwith 

the calculations for the potential bremsstrahlung. The theoretical cross sections are folded 
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with a response function of the detector for the pu中oseof com開凶onwith experiment. It is 

seen from these figures that the predictions of血epotential bremsstral山 ngreproduce well the 

experimental spectra in the photon energy region higher than 30Me V. Especially，出e

theoretical prediction of angular distribution is in good agreement with由eexperimen凶 result

for 12C. The potential parameters were obtained by fitting the theoretical cross sections to血e

experimental ones in the y-ray energy spectra at 90°, and they訂elisted in Table 1. The 

values of So in the table show the experimental Q-values7>. The values of Vo are l訂ger白m

those for optical potential8> for all targets investigated. Namely，白eprojectile which causes 

bremsstrahlung receives much more strong attractive forces than in the case of elastic 

scattering by which optical potential parameters have been determined. 

It is supposed that S should be smaller than So because the projectile in the final sta胞

keeps a same internal structure, like a cluster, as that of the initial state in the process of 

potential bremsstrahlung. S would show the Q-value of aαーclusterstate against a ground 

state in which a nucleus is reconstructed with the projectile and the target 

In con佐astwith the small values of Ft(k) of about 0.3 obtained for Be and Al targe也，

the value for C is 0.9. Thus, while the阻rgetnucleus of Be or Al rarely emit photons，白e

target nucleus of C emits photons as well as the projectile does. This discrepancy might be 

related to由eαーclusterlike nuclear structure. 
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Table 1. The fitting res叫tsof parameters. 

Targets s eV S例eV) v .eV Ft(k) 

9Be 10.6 10.0 -209 0.33 

12C 7.2 3.4 羽 3 0.94 

幻'Al 9.7 3.1 -219 0.30 
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I. 3. Total Reaction Cross Section and Forward Glory Scattering 
in Heavy Ion Collisions 

Yamaya T., Ishiyama H., Yamazaki A., Tojima人 KatohM., Kotajima K. *, Suzuki K. *, 
Fujioka M. **. and Shinozuka T料．

Department of Physics, Tohoku Universi砂
Depaetment of Nuclear Enginerring, Tohoku University* 
Cyclotron and Radioisotope Center, Tohoku University** 

The possibility of a model independent determination of the to凶 reactioncross 

sections were experimen凶lyshown by the m伺 surementsforw訂dglory phenomena at 

extremely forward angl凶 inthe heavy-ion elastic scattering. 

The observations of glory scattering in molecular and atomic collisions have been 

successful. In the nuclear collisions, an existence of forward glory phenomena has 

血.eoreticallybeen predicted by many theorests14>, and the many data have been analyzed to 

dedu白血eforward glory phenomena in the nuclear collisionss-10>. 

However these data are synthetic, i.e the組 gulardistributions measured in a limit旬dangul訂

range which is not involve the ・forward angles. 

Elastic cross sections in a foward angul訂 rangeup to el.ab =l.6° have been measured 

at FlA=l.....,2 MeV 11-12> in the 12C + 12C scattering system, and an possibility of observation of 

the forward glory in the nuclear collision have been shown from the experimen凶 data.

However, the 12C + 12C system in this energy region should be considered appreciable effects 

of resonanc回 forthe to凶 reactioncross sections or the nuclear scattering ampli加des.

The forward glory for the sca日eringsy批 m of 12C, 15N, 160+ 28Si hav~ been 

observed at the energies Fl A=4-5 Me v13> in a forward angul訂 rangeup to 1.2°. However, 

the m伺 suremen臼insuch a limitted angle range are not enough for the pu中oseto deduce白e

high precise to旬lr伺 ctioncross sections or the nuclear amplitudes at 8 =O。．
In the present work, the m伺 surementsof elastic differential cross sections were 

extended to the forward angul訂 regionup to 0.6° for the scattering systems, 12C, 13C, 15N 

and 160 on 28Si. The result of the precise experimen胞 showedundoubted oscillations and 

undulating envelope shape in the sum-of-differences cross sections(SOD), as shown in 

Fig.1. 

For the m伺 surementsat extremely forward angles(8 = 0.6。-4.0。）, a trapezoi血l

scattering chamber was designed and installed downstream a large scattering chamber. A 

distance between the target position and a defined slit of the detector system was 1599mm. 
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The detector sys低mconsists of two 25 μ m to凶lydepleted silicon detectors and a 240 μ m 

position-sensitive silicon detector. The則自copewas moun飽dby a thin tantalum plate with 

three slit apert町・esof 0.4×2 mμi2 in front of the L¥E detectors. Each slit aperture was defined 

solid angles of 3 .1 x 10・7sr. and the differential angles of 6.8 =0.014° assuming a point beam 

spot on the target. The accuracy of angle setting was S x 104 degree. Four solid-state 

detectors were symmetrically situated with respect to the beam axis, to monitor the deflection 

of the beam intensity distribution in the beam spot. These monitor detectors were 

symmetrically plaαd on a circle with a small com angle of 81ab =1.1。withthe incident beam 

axis. This monitor system was movable on the scattering plane and an accuracy of absolute 

scattering angles was 0.02。.The absolute scattering angles was determined by measureing 

the symmetry of the slight sm訓deflectivepatterns on出eRutherford scattering yields with 

the k細 axis.Differences be~een yields剖 symmetricalpoints are withi叩 m0.0003°. The 

beam was doubly collimated to:a spot diameter less than 0.4mm on the target. The target was 

a self-supporting側側Sim仙f町 g/cm2出 ckness.

The contributions from the旬rgetcontaminations have to be taken into account in 

order to keep the resulting eπor small. We found a contaminate material of about 3.7 x 10-3% 

in the Si target which is estimated a mass number of near A=180, it may be Au, from the 

elastically scattered energy spectra at the large angles. 

As the physical effects for the elastic scattering da回 atvery forward angles, the 

multiple scattering, the electron screening and vacuum polarization should be ・considered. 

The effects of the first and second terms were negligible for the data at angles larger than 0.2° 

at least. However, the effect of the third term was taken into account for the data. 

The sum-oιdifferenc閃（SOD)cross sections were calcula凶 usingthe measured 

angular distribution. The resulting function σsoo(8.。） were renormalyzedぉ themedian of the 

upper and lower envelopes of σsoo(8.。）恥伺mea horizon凶 line. These σsoo(8.。） functions 

飢 hibta certain osillation剖 sm組angles.1、headditional fingerprin 

d undulating envelope of the osci~lating Osoo function I fN ( 80) I = f N (O)J0 (18 sin8) as predicte 

by the semiclassical scattering theory, which the envelope of the oscillation伊氏 behaveslike 

the Bessel function J。（18sinめifa forward nuclear glory exist. The crs00( 8.。） obtained from 

data are compared in Fig. I with血eJ。（18sin8)function calucula飽dwith glory angular 

momenta of 18 =30, 30, 40, and 45 for 12C, 13C, 15N and 160 projectile nuclei, respectively. 

These glory angular momenta coπ・espond to the grazing組 gul訂 momenta,respectively. In 

Table 1, the values of the to・旬11reaction cross sections sigma crR are listed together with血e

I f N(O) I and the glory angular ~omenta. 
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Table 1. Results from the SOD analyses. 

projectiles 
－τで

i3c 

isN 

SOD (mb) OMP (mb) 

1490土50 1.510土300

2090土80 1960土390

1650土50 1906土380

160 1600土30 1.520土304

In the Table 2血eto凶問actionαosssections obtained from the SOD methode are compared with the results 
from the optical model potential analyses14>. 

Table 2. Comparison between the reaction cross sections deduced from the SOD and OMP祖 alys回．

projectiles LC i3c isN 160 

E1ab(MeV) 65 60 85 75 

wave number k {fm-1) 4.28 4.17 5.08 4.83 

coulomb parametersη .S.68 6.16 6.26 8.14 

total reaction cross sections 1490土50 2090土80 1650土50 1600土30

σR (mb) 

nuclear scattering amplitudes 10土2 21土4 48土20 35土5

lf(O)I (tin) 
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I. 4. Measurement of Neutron Spallation Cross Sections 
of 12c, 27 Al and 209Bi 

Kim E., Nakamura T., Konno A., Imamura M. *, Nakao N. *, Shibata T.大
Uwamino Y. **,Nakanishi N. **,Tanaka Su***. 

Cyclotron and Radioisotope Center, Tohoku Uninersi，ザ

Institute for Nuclear Study, UniversiりFof Tokyo* 
Institute of Physical and Chemical Research** 
Japan Atomic Energy Research Institute申＊＊

At present, a demand for neutron reaction data is world-wide increasing from the view 

points of intense neu町onsource of material study, induced radioactivity and shielding design 

of high energy accelerators. Neverthless, neutron reaction data in the energy range above 

20MeV are very poor and no evalua低dda包 fileexists at present. In this study, we measured 

血eneutron spallation cross sections using qu鎚 i-monoenergeticp-7U neutrons in the energy 

range of 20MeV to 210MeV. The irradiation experimen也 wereperformed at four cyclotron 

facilities of 1) INS of Univ of Tokyo, 2) CYRIC of Tohoku Univ, 3)TIARA of JAE悶， and

4)RIKEN. 

The 7Li targets of 2 to 10 mm thicknesses were bombared by proton beams of 20 to 

210MeV energies which were extracted from these cyclotrons. The neutrons produced in the 

forward direction from the旬rgetwere transported through the collimator for sample 

irradiation and the proton beams pぉsedthrough the target were swept out by出emagnet to 

the beam dump. The neu甘onspectra were measured with the TOF method using an organic 

liquid scintillator. The absolute neutron fluence of the monoenergetic peak was determined 

with the PRT(Proton Recoil counter Telescope) at TIARA, and with the Li activation method 

to detect the 7Be activity from the 7U(p,n)7Be reaction at INS, CYRIC and RIKEN. The 

irradiation samples are 12c, 27 Al and 209Bi. The sizes of the S倒nplesare 20mm to 80 mm 

and thickness are 0.6 mm to 10.8 mm. Irradiation time consisted of short iπadiation 即時（1

to 2 hours below~ ＝ 120MeV, 30 min above E., = 120MeV) and long irradiation time (about 
20 hours) by considering the half liv郎 ofproduced nuclei. The g出nma-rayactivities of 

irradiated samples were counted by using a Ge detecter. The carbon samples were put into組

aluminum case to absorb the positron energy from 11c nuclei produced by the 12C(n,2n)11C 

reaction, since the annihilation gamma rays of 51 lkeV were measured with the Ge detecter. 

The peak efficiency of the Ge de防御wasobtained from出emixed standard source and the 

self absorption of samples was calcula凶 withthe PEAK code1> and血eEGS4 code2>. 
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’The reaction rates of identified radioisotopes were obtained by analyzing gamma-ray 

spec仕aafter corrected for the peak efficiency, sum-coincidence and self-absorption effects, 

also for the beam current fluctuation during sample irradiation.τbe spallation cross section 

data were obtainded合om血eneu佐onspec仕aand the reaction rates. 

From the obtained cross sections, Fig.1 and 2 exemplify由ecross section values of 

209Bi(n,4n)206Bi to 209Bi(n,10n)200Bi, 12C(n,2n) 11C reactions. The cross section data of 

209Bi(n,xn)210-xBi reactions were comp訂edwith the ENDF/B-VI high en町gyfile data 

calculated with the ALICE code3>. Our experimental results訂e出efirst experimen旬ldata佃 d

are generally in good agreement with them except for 209Bi(n,9n)201 Bi. A big discrepancy, 

about a factor of 4, between our expe巾nentand ENDF/B-VI may come合omthe uncertainty 

of the decay scheme of 201 Bi, where we assumed血e100% branching ratio of 628ke V 

gamma rays from the first excited state to出cground state. If this ratio is 25 % , then our data 

well agree with the ENDF/B-VI. Our cross section data of 12C(n,2n)11C shown in Fig. 2紅C

lower h血epeak region around 40MeV than the ENDF/B-VI high energy file data, but much 

higher出組曲eENDF/B-VI data above 60MeV. Our results below 40MeV show good 

agreement with出eBrill’s data4>. Our f註stexperimental data above 40Me V show almost a 

constant value of 20mbam, which revealed刷出eENDF/B羽 dataof 12C(n,2n)ll C 

reaction may be inaccurate. 
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I. 5. Single Particle States in the 49Sc Nuclus 

Hino T., Tohei T. ****, Nakagawa T., Fujii Y., Aizawa T., Orihara H. *,Terakawa A.*, 
Guan Z. *, Yun C. C. *,Ito K. *,Teramoto Y. *, Yamamoto A.*, Matsumura N. *,Ishii K. **, 

Abe K. **, Narita A.***, Suehiro T. **** and Ohnuma H. ***** 

Department of Physics, Tohoku University 

Cyclotron and Radioisotope Center, Tohoku University * 
Department of Nuclear Engineering, Tohoku University ** 
Department of Information Science, Hirosaki Universiり，*** 

Tohoku Institute of Technology**** 
Department of Physics, Tokyo Institute of Technology***** 

One nucleon transfer reactions, like (3He,d), (d,3He), (d,p), (d,n), etc. have provided 

a good place to explore出esingle戸rticles甘・engthin a nucleus, while their deduced values 

suffer from ambiguities due to those for the choice of optical potential pat潤netersapplied in 

血edistorted-wave Bom-appro泊mation(DWBA) analysis and/or for the甘飽伽tentof the 

reaction mechanism involved. As for the proton single’開削clestrength，血e<3 He,d) reaction 

has mainly used for this pu叩osebecause of its experimen凶 reliabilitiescomp釦ngwith that 

of出e(d,n) r1伺 .ction,though the former is more complicate in the choices of optical”も印刷

parameters如 d血eoreticaltreatment of reaction mechanism. Recently, there have been new 

progresses in calculation with l釘 geshell-model spaces over血elf2p-shell region 1・勾. In order 

to test由evalidity of such shell-model predictions, one nucleon transfer, like (d,p）釦d{d,n) 

reactions，釘eexpected to present very useful tools. 

We have systemati伺 Hystudied sd proton-shells via白e{d,n) n伺 ctionusing the 
40.42,44 

CYRIC time-oιflight (TO町facility.In r民 entyears, the Ca + one proton systems, 

which紅eb測：edin the edge of the fp-shell region, have been inv凶 tigated3・4>. We have also 
40,42,44,48 

carried out 由eexperimen包 ofthe Ca(d,p) reactions with the same deuteron-
40,42,44,48 

bombarding energy of 25MeVめ studythe Ca + one neu甘onsystems >. All Ca 
40,48, 

isotopes have血eZ = 20 closed proton shell and Ca have neu甘onclosed-shell as well at 

N = 20 and 28. Therefore, systematic investigations. of the Ca isotope plus one nucleon 

systems釘eveηinteresting, not only for testing shell model predictions but also for 

observing mass dependence of nuclear structures. It is ex戸cted血atthe results of 

experimen胞 accomplishedwith血e鈎 mebombarding energy may bring less ambiguities in 

血eDWBA釦 alyses.

For the study of single戸川cles阻tesin 49Sc，出em伺 SU陀men臼 of白e48 Ca{3He,d) 

49Sc reaction have been mainly done in many previous works. Iwasaki et al. carried out白e

19 



48Ca(d,n) 49Sc experiment with bombarding energy 20MeV and reported spectroscopic factors 
49 

for various states in Sc up to about 7MeV in excitation energy6>. Our purposes are to obtain 
49 

spectroscopic information for ~gher excited s凶 esin Sc with better statistical conditions 
49 I 

伽 ough由e Ca(d,n) Sc r伺 ctipn,and to reduce ambiguities for the spectroscopic factors by 

systematic analyses. 

Experimen臼 werecarried out with 25MeV deuteron beam from the CYRIC AVF 

cyclotron. The阻rgetwas a 1.6mg/cm2 thick and isotopically 97.8% enriched self-supporting 

foil of 48Ca prepared by evapolation. Energies of emitted neutrons were measured by a TOF 

technique with a 44m long flight pass. For the neutron detection, liquid scintillator NE213 

was used. It was contained in four .SOcm(W)*lOcm(H) *5cm(D）陀ctangularcases and eight 

20.3cm中， 5cm(D)cylindrical 1 cases, which led to the solid angle of 0.233msr and the 

effective efficiency of 2. 9%. 1 Ang蜘 distributionsof differential cross sections were 

measured between 。L=Odegto ~Odeg using a beam-swinger system. 

Angular distributions o~ differential cross sections for 36 s胞teswere obtained in the 

m削 onenergy range from恥grounds附 upto 15MeV. Achieved energy resolutions for 

the S旧館swe陀 220-280keV. F~gu陀 1 shows an energy spectrum ob国nedat e L =25deg. The 

zero-range DWBA code DWUCK47> was employed to obtain theoretical differential cross 

sections. As a deuteron optical potential was used an adiabatic potential8> obtained from 

Becchetti and Greenlees's potential町 fora proton and Carlson et al. 10> for a neutron. The 

corrections for finite range and non」ocality were contained in the present DWBA 

calculation11・12>. Figure 2 shows typical angul訂 distributionsand the results of the DWBA 

calculation, which well 陀prod~ce the experimental data, and Table 1 shows spec佐oscopic

factors obtained for伺 chstates, comparing with the results of Iwasaki et al. One could see 

they訂ewell agree with each ot~er. 

臥 ci匂tionenergy dis凶put附 ofsingle p訓 clestre 

presented in Fig. 3. A few slates with stronger strengths and many weak-strength sぬtes

appe紅 forthe lf712 and 2p3/2 orbits, which訂ethe nearest shells ou胞ide出eZ = 20 proton 

core. While only a few s句協 withstrong amがitudes can be seen for恥 2p312,2P112' and lf s12 

orbits of 49Ca, which are白enearest shells outside the N = 28 neu町oncore, in our (d,p) 

experiment with the same incident energy. On the other hand, 2s ld hole strengths訂e

observed in 49Sc, wher1鎚 2sldor lf712 hole strengths in 49Ca can’t be seen almost These 

facts indica記 quali凶 vely白紙出eld抑 protonclosed core should be less inert th組曲.atof 

1f 712 neutron. 

Sum rules for the obtai~ed spec甘oscopicfactors of 49Sc are pres印刷 inFig. 4, with 

those of 49Ca. It is noticed血.atsums of the spec甘oscopicfactors for the fp-shells of 49S c 

ex切“l訂 gely白eirshell mode~ st -rule Ii町i . This seems to be owed ω由eresults of the 

DWBA calculations with血epresent adiabatic potential p創溜netersused for the 48Ca( d,n) 

reaction. The DWBA calculations using theぬmeoptical potential開rametersystematics have 
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resulted in success for勘（d,n) reactions on血eotherα凶 gets組 dthe ( d,p) reactions on all 

Ca句rge飽 at血e鈎medeuteron energy. ’These facts suggest a new systematic組 alysiswi白

consistency伽 oughthe (d,n) and (d,p) reactions on every臼 isotopeshould be found. 
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I. 6. Study of Neutron-Rich N = 50 Nuclei 

Watanabe A., Shinozuka T.*, Fujita M., Kanai Y.**, Kohda T., and Fujioka M.* 

Department of Physics, Tohoku Universiη 
CYRIC, Tohoku University* 

Department of Nuclear Engineering, Tohoku University** 

Various nuclear models were proposed to understand nuclear structure. A large 

number of experimental daぬhaveshown that nuclei with neu町onor proton number 2, 4, 8, 

20, 50, 82 and 126釘eunusually stable. Mayer and Jensen et al. proposed the shell model 

with assumption of a spin-orbit force and explained those magic numbers. 

In r民 entye訂 smore and more nuclei far from stability are being studied. The 

problem if these unstable nuclei have shell structure is of great interest. 84As has proton 

number Z = 33 and neutron number N = 51, and one can directly chech the effect of N = 50 
shell by measureing the Q fl value of 84As→ s4Se. 

Since the experimental data about the decay of 84As were not enough, there were 

following questions; one is about the presence of isomer. Kratz et al. reported two isomers 

with half-liv凶 of5.5 sec and 0.65 sec. On the other hand, Hoff et al. recently determined the 

half-life to be 4.5 sec, but did not confirm a shorter isomer. 

The other question is about the Q fl value of 84As→ 84Se. Estimation by Wapstra et 

al. and calculations by nine different semi-empirical mass formulru写 giveQ .P value ranging 

from 9.4 to 11.0 MeV. Experimental QJJ value by Gill and Rudstam, however，釘e6.8・7.2

MeVand訂ein disagreement with the values derived from systematics. 

We report on a direct mesurement of the Q.P value and half-life of 84As, and compare 

them with the values already reported. 

84As was produced in 25 MeV proton-induced fission of 232Th and was mass-

separated by IGISOL. The ion beam was implanted onto the aluminumized mylar tape. The 

旬.pewas moved periodically to reduce background of daughter activities. 

The half-life of 84As was measured with a 155cc HPGe detector using a P-chopper to 

cut down neu甘onbackground. Sorting they-time list data by 84As y ray gates, the half-life of 

84As was determined to be 3.24 ± 0.26 sec, and the above mentioned 0.65 sec isomer was 

not detected. 

For血emeぉurementof由eQ.P value of 84As a LEPS and a 234cc HPGe de胞ctor

were used and {J-y・timelist da包 werecollected. Theda阻 wereanalyzed by gating on白e84As 
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1455 keV y ray戸akandi包 Compton陀 gion.The projec句dfJ spectrum was replotted by 

Kurie analysis to determine the end-point energy. We obtained 7.66土 0.88MeV for the end-

point energy. Adding l必 5MeV to this value 9.12土 0.88MeV for the QJJ of 84As is 

obtained. 

Two neutron separation energy of 84As is deduced to be 12.910± 0.88 MeV from the 

p陀 sentQJJ value. S20 estimated by Wapstra et al. indica胞S白epresence of N = 50 shell. 

However, the experimen旬lvalues by Gill and Rudstam are in disagreement with the 

systematic trend and血eyunderestimate the N = 50 shell gap.α1 the other hand our S 20 is 

consistent with the value of Waps町aet al. and supports the systematic trend. 

Since the yield of 84 As was small （孟10atoms/sec), our r回凶thas large errors. It is 

expected to improve IGISOL for further study. 
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I. 7. Branching Ratio of the Direct Proton Decay from the Isobaric 
Analog State Populated by the 208Pb(p,n) 208Bi Reaction 

Terakawa A., Yun C. C., Itoh K., Yamamoto A., Teramoto Y., Matsumura N., 
Fujii Y. *, Hino T*., Aizawa T*., Nakagawa T. *, Ishii K. **and Orihara H. 

Cyclotron and Radioisotope center, Tohoku University 

Fa culηof Science, Tohoku Universiり1*
FaculりFof Engineering, Tohoku University** 

Studies of the decay property for giant resonances following charge-exchange 

reactions limited to a few cases, es戸ciallyfor the (p,n) reaction, no reliable data has been 

陀 porteddue to experimen旬ldifficulties encountered with measuring neutrons and decay 

protons with a sufficient efficiency, and with reasonable resolution. As such, the (3He,t) 

reaction hぉ beenthe good candidate to explore proton decay of the isobaric analog state 

(IAS）組d/orgiant Gamow-Teller resonance (GTR). Hofmann and his collaborators1> have 

陀 portedto凶 andescape widths of IAS in even-A Pm isotopes through ANd(3He, t p ) A・1Nd

reactions at an bombarding energy of 75 MeV. At組 intermediateenergy （注 100MeV), 

where spin-flip GTR is dominant at small momentum transfer, Akimune et al.2> have 

performed m伺 surementfor microscopic structure of the GTR in 208Bi with the 

208Pb(3He,tp )207Pb r叫 on

Because of白elarger Coulomb displacement energy, an isobaric analog s旬tes(IAS) is 

located in a heavier nucleus at a high enough excitation energy above戸rticle-d伐 aythreshold 

energy. It has been found that such祖 IAShas a noticeable level width of several hundred 

ke V. It is natural to described the width r of an IAS as a sum of the eぉapewidth rt and the 

spr，飽dingwidth r↓日as:

r =T1+ ri 
、．J’・A，sE

、

The escape width consis臼 ofthose by the isospin-allowed proton d民 aysinto血e

neutron-hole s匂tesin the daughter nucleus, since the decay channels through h伺 .vier

p訂tides-emission訂eseverely inhibited by the Coulomb barrier.α1 the other hand, the 

spreading width is spec叫a胞dto be due to the Coulomb interaction which gives rise b 血e

isospin圃 mixingbetween the IAS(To) and near-by lying To・1s凶 .es(To: isospin of the parent 

nucleus). Moreover, isospin mixing would lead to曲eisospin-forbidden neu甘ondecay in the 
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final s匂geof the damping process of the IAS. Thus, in contI司stto decay of GTR，血atof 

IAS is of patic叫arinterest since knowledge of白espreading width and neu町ondecay provid .e 

good candida包sto study isosp~n-

of neutron-decay for the IAS in ,208Bi has shown3) that the neutron-decay branch accoun胞 for

the all missing decay width other出anth剖 ofthe proton decay, and thus one can derive血e

spreading width of the IAS by subtracting the proton escape width from the total width 

following Eq.( 1). 

In this report, we present the result of the proton-decay measurement for the IAS in 

208Bi through the 208Pb(p,n)t08Bi reaction as a feasibility tests of the neutron-proton 

coincidence me鎚 urementat伽 CY悶CTOF Faciliザ＞. A diagram for these processes is 

illustrated in Fig. 1. The physieat motivation of this study is to deduce出eIAS proton-decay 

branch by which information about the microscopic s町uctureof the IAS may be obtained. 

Furthermore, it is aimed to obt:ajn isospin-impurity information on the IAS wave function, as 

well, from the spreading width .which is indirectly deduced according to Eq. (1) with both the 

proton escape and白eto凶 wid~hs

The experiment was performed using a 35 MeV momentum-analyzed proton beams 

obtained from the A VF cyclotron at CYRIC, Tohoku University. The target used was a 99.9 

% isotopically-e町 ichedself-supporting foil of 208Pb. The target thickness was 27.6 

mg/αn2. Neutrons were detected with four neutron detectors containing the NE213 liquid 

scintillator located at the flight length of 12m. The size of each detector was 20.5 cm in 

diameter and 5 cm in length along the neutron-flight direction. The effective solid angle for 

the neutron de飽ctionwas 0.53 msr. The beam swinger system was set for the 0-degree 

meぉurementof emitted neutrons, while the beam was bent downs甘earnof the阻rgetby a 

cleaning magnet, and stopped by the Faraday cup located after the magnet. 

Decay protons were de伝c凶 incoincidence with neutrons using a SSD-telescope of 

Si SU巾 ce-baπiertype mounte9 at the length of 8 cm from出etarget, and剖 Bp= 135 degree 

relative to the k拙 1directiont The SSD-telescope consisted of AE (250μm thick), E 

(lOOOμm thick) and veto countrrs with a 100 mm2 active surface area. The veto detector was 

used to reject energetic protons 1scattered剖 backwardangles. The solid angle for the proton 

detection was 15. 6 msr. The e~perimen凶 setup for the present measurement is illustrated in 

Fig. 2. 

Figure 3 shows a戸rt:of the inclusive neutron spectrum of the 208Pb(p,n)208Bi 

reaction. The IAS is strongly ;populated at Ex = 15.17 MeV in 208Bi5>, while the Gamow-

Teller resonance5) [GTR, Ex= 15.6 MeV, I'= 3.72MeV2)] is not clearly identified in this 

bombarding energy. Thus, the. proton decay of the GTR would not con出buteto the present 

neu町on-protoncoincidence m伺SU陀 mentfor the IAS. A time spectrum of the coincidence 

m 附， measuredwith the ne抑制 asS刷 andwith血eprotonsぉ stop,hぉ displayed白
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百ieenergy spec住umof血edecay protons企om白eIAS is shown in Fig. 4.百ielow-

lying neu仕on-holestates in 207Pb have been populated via the direct proton decay企om血e

particle-hole configuration of白eIAS.百ieproton energy resolution was about 700 ke V, in 

which main part was due to energy losses h出crather thick旬rgetpresently used. 

Since the IAS is excited via the L = 0仕組sition，也eproton emission企om白eIAS 

may be assumed to be iso住opic.百iebranching rat10 of血eproton decay is obtained with the 

singles and coincidence double di宜erentialcross sections : 

r: l:rJ. 
r r (2) 

where 

刊－ { cfaP• An  - A .... d2aP• 
i p• -1 dQJJ,~喜一吋－-r""d[J/l[Jp (3) 

組 d

r-d，σ －－ dQ,. 、Z
E

’

4
U
T
 

，s－
z
、

百iepartial and total proton branching ratios measured h白epresent experiment are 

listed in Table 1, toge出erwith the results of the previous works2,6）叩d血e血eoreti伺 l

伺 lculation6＞.百ieobtained proton-hr.組 chof (57主 21)%reproduces well the伺 rlierdaぬ2,6).

When bo白白eproton emissmn energi凶組d血eneu住onspectroscopic factors for白.eone-

neu仕onremoval企om出eparent nucleus are taken into account in白ecalculation 7），白eoreti1伺 l

prediction using組 effectiveforce of the Skynne type has given good accounts as well for恥

present observation. 

百ieremaining decay branch of about 40% would be attributed to the neutron decay 

which accounts for the spreading width. Indeed, the above value is in consistent with 

neu仕on-decaybranch of (37 ± 3)% determined by the recent measurement for isospin-

forbidden neu甘on-decay.

In summary, the direct measurement of出cproton decay企om血cIAS in 208Bi was 

performed by me組 sof由eneutron-proton coincidenαexpe出nentt胎ough白e(p, n) reaction 

at 35 MeV.百iebranching ratio for the proton decay of the IAS has been determined to be (57 

主 21)%,which is in consistent with血eprevious results within the statistical error. 
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Tめle1. Bra叫 ingratios I'p/ r for the蜘 1yof也e凶 in208Pb into伽脚甘0叫 ole蜘 t侭 in207Pb. 

Ex in 207Pb neutron hole stat伺 Expt. r~ ／r Theor.d 

(MeV) nij1-1 a b c r!.jr 
gふ 0.20土0.07 0.22土0.03 0.22土0.03 0.237 

0.570 incl.句読 0.11土0.03 incl. 3p訪 0.061 

0.898 0.28土0.08 0.26土0.03 0.34土0.06 0.196 

1.633 incl. 2f1J~ 0.010 

2.340 0.09土0.06 0.014土0.002 0.015土0.007 く 10-3

3.413 く 10-3

三_!1/r 0.57土0.21 0.60土0.09 0.58土0.09 0.504 

a Present expt. 

b Re£知e町ren

c Reference [2]. (3He, t) ~eaction 抗 450 MeV. 

d Reference [7]. 
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I. 8. TRIM Calculation of Distribution of Ions Implanted to 
Fe (AMU=l・210)an~ Si (AMU=l-10) in the Energy Range of 

, ISOL (10・60keV)

Hanada, R 

Institute for Materials Research, Tohoku University 

Introduction 

This note reports results of TRIM calculation for ions distribution (ions range, ions 

concen回 .tion叩 dradiation damage) when ions are implanted to Fe and Si using出eisotope 

separator on line (ISOL) at CY悶C.This is出econtinuation of the work reported in CYRIC 

report-1994 by the present author1>, where the above described values have been calc凶a削

for ions with the atomic mass unit (AMU) above 10 for Si host. In this report, the 

calculations are ex~nded to ioi;is with the A恥rubelow 10 (H, D(2H), T(3H}, 3He, 4He, 7Li 

and 10B) for Si host and for ions with the AMU between 1・210(H-Bi) for Fe host. 

Results 

The method of the calcttlation is exactly the same with those reported in Ref. 1. Fig. 

1 shows a result of TRIM calcttlation for l1l In implan旬dto Fe host at the energy of 40ke V to 

define the val u郎 shownin the following figures. 

Fig. 2 shows the maximum ion concentrations in Si in the unit of (atoms/cm3)/(atoms 

/cm2) in恥 leftand in the unit of (no. of atoms/no. of Si atoms) in血eright ordinate. Here 

血eimplanぬ.tionenergy is taken as a p訂ameter.

Since the main purpose of the present calculation is to determine the optimum 

implan凶onenergy for the maximum overlap with the PAC probe 111ln, the implan旬.tion

energy was limited below 30keV for light ions. 

In Fig. 2 as well ぉ inFig. 3 and 4, it is noteworthy that hydrogen isotopes (1H, 2H 

and 3H) show different behaviors in the distribution and radiation damage. This is reasonable 

since the higher momen旬mof 3H results in the larger range, larger s佐agglingand hence 

lower ion concentration血anthose for 1H at the same implantation energy. Also a higher 

transferred energy to the host atom results in the higher d出nage. Also when the 3H(Z=l) 

values are compared with those for 3He(Z=2), jumps are noticed in the calcttlated values. 

This is also reasonable since the higher Z value results in the higher energy loss and hen岱

smaller range, s甘agglingand larger ion concentration for 3He由組3H.
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Figs. 5 through 7 show the results of the鈎 mecalculation for Fe host for ions with 

血eAMUbetw白 n1and209. The similar isotope effects described above are noticed also in 

the Fe case. The result in Fig. 6 reveals that the implantation energy of 1 H should be at出e

order of I keV to obtain the maximum overlap with 40keV 111ln. Such a low energy is not 

available for the ISOL at白eCYRI C and so some other method of hydrogen ill甘oduction

must be employed for hydrogen study in Fe by PAC using 111In probe. An example of such 

a work, using組 electrolyticmethod for H introduction, is reported in this volume. 
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I. 9. PAC Study of Recovery of Fe Implanted by 1111n 

Hanada, R. 

Institute for Matei旬lsR白 earch,Tohoku University 

Introduction 

This note reports a result of annealing experiments on pure Fe, which was恒例組.ted

by 111In for the PAC spectroscopy.百iepurposes of the experiments are ; (1) to search for a 

possible vacancy甘appingto血eprobe 111 In at around 200。C,where one school claims白at血e

vacancy migration takes place at 200。cin con仕astto other schools proposals of at 200。K.(2) 

to detennine血eop白numannealing tempera旬rewhere血esubstitutional component h也e

PAC spectrum shows the maximum amplitude.百iisis necessary狂onewishes to use血C

111 In implanted Fe specimen for other experiments. Namely it is necessary to remove出e

damage introduced by the implantation as much as possible to avoid possible complication by 

血cpresence of damage h出e釦rtherexperiment.αie ex但npleof such a study for hydrogen 

in Fe is reported in a separate paper h白isvolume. 

For these pu中oses,a finer annealing schedule of 60℃13伽 inwas employed in血c

present comp訂・edwith出eones previously reported1>. 

百ieprogress in our implan旬.tionprocedure, namely, a higher 111In implanted activity, 

has made it possible to measur~ about 10 PAC spec位awith a reasonably high counts (5×104 at 

t = 0) within a reasonably short time. 

Experimental procedure 

Fe specimens are quasi•singleαystals (5x18×0.5mm3) with small isl組 dsmade企om

high purity Johnson Ma仕heyrods.百ieorientation of the crystal, however ,are not specified 

yet. 百ie111 In implan句.tionwas done at RT with也eenergy of 40ke V and found to be 

completed within 1 hr by monitoring the electrical cu町entof 115In of which known amount 

was intentionally added to the ion source. By knowing the amount and integrating血ecurrent 

ぱ usln，血eIn implan・旬tionefficiency （加planted/chargedto ion source) was found 0.5%, 

which is comparable with those by others. 

PAC spec位umwas me錨uredat RT or at 77・kwithout any external magnetic field by 

a由reedetectors set up.百iespectrum was converted to Fourier spec位umby a FFf program 

using the 1st 28 points.(0・200ns）.’Theannealing was done in an UHV of 10ヴTo町．
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Experimental Results and Discussion 

Fig. 1 shows the PAC spectra for Fe during an isochronal run between RT and 400。c
and Fig. 2 for the co汀espondingFourier spectra. The rotation pattern with the period of 11.2 

ns in Fig. 1 has been known as due to 111In at血esubstitutional site without trapping釦 y

defects. This component is observed as the prominent Fourier component at 560Mrads・1in 

Fig. 2 (S・component).Fig. 3 shows the創nplitudeof the S component as a function of the 

ann伺 lingtempera仰retogether with results of other runs. All experimen旬lresults show a 

monotonous increase of the amplitude up to 400。C.Namely, some part of implan民d111In紅e

out of the sight in the PAC spectrum right after the implantation and yet brought to S site as 

the annealing proceeds. Since the 40ke V 111 In produces about 350 frenkel pairs per one 

incident ion near the range of 111In (see a report on TRIM calculation for Fe in this volume), it 

is very likely some part of them are trapped to the probe, most likely in forms of clusters. At 

present no detail can be inferred on the nature of the defect clusters from the experimen旬l

results, since no clear Fourier component other than the S component is observed in Fig. 2. 

However it can be concluded出atthey訂eunstable to annぬlout between RT and 400。c
leaving 111ln in S site to give the S component growth. 

No decr1切 seof the S amplitude is observed near 200。C.This indicates either白紙（1).

vacancy migration has been completed below RT as has been proposed or・ (2) no attractive 

interaction is present between 111 In and the lattice vacancy in Fe. The former is likely since a 

NMR/ON2> or a PAD3> experiment has revealed出atthe vacancy migration takes place below 

RT or at200。K.
Al血oughnot shown here, the annealing above 400。Chas revealed白at出eamplitude 

of S component decr1伺 sesagain and almost vanishes at 700。c1>. So we conclude that 400。c
is白eoptimum組 n伺 lingtemperature to obtain the maximum S site population for min in Fe. 

This result is utilized in an experiment reported in a separate paper for H in Fe. 
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I. 10. Effects of Hydrogen Charging on the PAC Spectrum of Fe 

Hanada, R 

Institute/or Materials Research.Tohoku Universiか

Introduction 

Hydrogen in Fe hぉ beenone of the most important subjec包 inthe field of materials 

science. This is because that hydrogen in Fe has been known to cause hydrogen 

embrittlement which results in disastrous destruction of artificial buildings or structures. 

Al血oughmany phenomenological or practical r白 earcheshave been reported on血esubject, 

res伺 rchesto investigate the microscopic state of hydrogen in Fe have been scarce. The low 

solid solubility of hydrogen (H) in Fe prevents to apply the modem experimen旬lmethods as 

NMR, INS, RBS, channeling et cet. 

In this paper, we report an experimen凶 resultof PAC spectrum measuremen包 onFe 

given by a hydrogen charging仕 切 凶ent. Since the concentration of白ePAC probe 111ln is 

ex仕・emelyIow(lppb・lppm)even when it is implan胞dto a high radioactivity level，出esmall 

amount of H might be 白紙tedif they are trap戸dto血eprobe. 

Although no conclusive白eoryexists for the H embrittlement in Fe, some school 

prefer so called”decoh回 iontheory”to others. Namely the elec甘onsdonated by H fill up the 

Fe d-b叩 dn伺 rthe Fermi surface, namely, the anti-bonding state, thus weakening血e

bonding between Fe atoms. This decohesion theory that can be traced back to Zener's workl) 

is still in effect even at由epresent time. Apart from the fact no quantitative discussion exists 

how the ”weakened bonding" is related め血eembrittlement phenomena, the band filing 

model is too naive in the present day where results of detailed白.eoreti伺 Icalc叫ationsare 

available on the elec甘onics町uctureof impurities in ferromagnetic materials as Fe or Ni2>. For 

instance, these new calculations have revealed that the rigid band model, which is the basis of 

the d-band filling model, is comple旬lywrong for H in Fe. 

Since the PAC probes in Fe m伺 surethe hyperfine field (He) at白enuclei, namely, the 

difference of the up spins and down spins electron cone印刷tionat the nuclei, some effect can 

be expected in Hr if H modifies the electronic s町uctureof Fe lattice. This may relate the 

embrittlement phenomena with the recent theoretical works on the electronic structure change 

of Fe host upon impurities doping. 
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Experimental 

The specimens used, the method of the implantation and the annealing甘伺回ientare 

exactly theぬmewith those described in a report in this volume for the Fe問coverystudy. As 

has been ・described in伽 .trepfrt，白eann剖 ing剖制。Cfor 0.5-lhr is出emost optimum 

佐・eatmentto obtain the maximum substitutional (S) component after the implantation. So all 

the specimens used in the p問sentwere given this tr1伺 .tmentprior to叩 yH experiment. 

After the annealing at 400。C，出especimen was dipped in O. lN H2S04 with a small 

amount of an As compound and electrolytically charged with the specimen as the cathode and 

a Pt wire as血e組 ode.It is believed出at開口ofH ions arriving at the Fe surface diffuse into 

Fe bulk as an ion in the electro~ytic method. Arsenic has been known as a poison to enhance 

the H upぬkeby preventing the H ions recombination to H2 molecule at the surface. 

The cu汀・entdensity was typically 5-5伽1A/cm2and the duration was varied between 

30min to 10 hrs. 

After the甘・eatment, PAC spectrum was measured at RT or 77°K. This procedure 

was rep回凶seve凶 timesω似lowthe amplitude change in白esubstitutional si飽 component

(S) in由ePAC spectrum. No external magnetic field was applied during the m回 surement.

Result and discussion 

Fig. 1 shows the PAC spectra by 111In for Fe during出ehydrogenation町・eatmentas 

above. After the annealing at 420。Cwithout any H trea凶 ent,The PAC spectrum shows a 

maximum amplitude( top). Wi血the1st H紅白伽ientwith the indica飽dcu汀・entand the time 

duration, the amplitude shows a trend of a reduction. This trend proceeds with the increasing 

H 甘伺凶tentduration, which伺nbe seen more clearly in Fig.2 where the co町esponding

Fourier spectra are sh n. T?e S細がitu必瓜560M耐－1g削 叫Iyd伐 r郎 eswith由eto 

elec甘olyticcharge deposited o~ the Fe specimen. Also the angul訂 frequencyat 77。Kis noted 

to shift to a higher freque問中組側副貯 Thisis due to a h泡he

灯， whichis normally observid in ferromagneti 

Fig. 3 summarizes the S amplitude reduction as a function of the charge density 

(current/cm2・ times duration) for 4 independent runs and all experimen凶 resultsshow a 

reproducible reduction of the S ampli加dewith the charge density. 

Wi由thereduction of the S創npli加de,several componen臼withthe frequencies below 

血atof the S are found to develop. However their frequency positions varies for each 

charging treatment and so no unique 部 signment,for instance as H-111 In pair, is possible for 

白ecom pone臨剖 present., Possibility is白紙 Hclusters with different size紅 eformed 

around the probe 1111n givin& rise to the Hr reduction, of which size increases with悦

incr1伺 singH con切 ntrationgiving further Hr reduction. Indeed a trend is observed血at血e

population of the lower frequency component increases with出eH charge density. 

Al血ough白eabove discussion is based on an a priori assumption血.at血eH charging 

甘・eatmentintroduces H in Fe and白eH causes白ePAC spectrum change, this has never been 
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proved experimen凶lyyet. First, the H concentration in the specimen after the treatment hぉ

not been measured yet and so the H cluster model as above is still a hypothesis. Second, Fe 

is notorious for the active chemical reactivity with the external environment ,as oxidation, and 

so some chemical reaction other than H introduction is possibly阻kingplace during血eH 

treatment which may cause the PAC spectrum change. This is especially so for our implanted 

specimens, where most of 1111n are p陀 sentclose to the surface (lOOA). 

Further experiments are now in progress for Hin Fe by PAC spectroscopy. 
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I. 11. PAC Study of Si with Fe Impurities Doped by Implantation 
or Diffusion 

Hanada, R 

Institute for Materials Research, Tohoku University 

Introduction 
Fe impurity in Si has been a subject of Mossbauer spec甘oscopicstudy for a long time 

since 57Fe is the best nuclear probe for 白espectroscopy. Also in Si industries, Fe has been 

known as one of the impurities to cause deterioration in electronic devices. It forms a deep 

trap to form a recombination center thus reducing the effective carrier concentrations. In this 

report a result of PAC spectroscopy for Si doped by Fe impurity will be described. Here, Si 

specimens were given either by Fe impurity implantation or by diffusion甘・ea伽1ent.A part of 

the results has been reported in1>. 

Experimental 

N-type Si specimens were implanted by Fe ions at a energy of 40keV to various 

doses. Since no high Fe ion beam cuπ・ent was obtained with a metallic Fe in the ion source 

(Dan-Fysik 910 type), an Fe chloride (FeC12) was used as the source material to ob凶na 

reasonably high 56Fe beam. This chloride method was found to work for several low vapor 

pressure elements as Cu, Sn, Zr, Ag and probably can be applied to others. 

For the case of diffusion doping, Si specimens were annealed in a vacuum with a high 

purity Fe powder at気泊。Cfor several hrs and cooled fast to RT by removing the furnace. It 

is not known, however, the cooling rate is high enough to freeze in the Fe atom in an isolated 

impurity in Si lattice. 

Subsequently these specimens were implanted with 40keV min and PAC spectrum 

was measured at RT after the isochronal annealing in a vacuum. Since Fe impurity has been 

known to migrate at low temperatu陀（九＝ 0.68eV）均， theisochronal ann伺 lingwas started 

from a low胞mperature.

Result 

Fig. 1 shows the PAC spectrum for Si to which Fe impurity was implanted. Fig. 2 

shows the spectrum for Si given by the Fe diffusion tr伺 tment.
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Al血oughvery small in magnitude, a PAC rotation pa恥 mis noted in Fig. 1 after the 

ann伺 lingat 463-673。Kwhich gradually fades out after the annealing above 773°K. A similar 

pa恥 mwith the almost same period with白atin Fig. 1 is noted in Fig. 2 for the diffusion 

甘eatedspecimen. 

αie possible cause of the pattern is the formation of Fe-In pair although出eformation 

of Fe precipi凶 eswith 111ln in them is an another possibility. The latter will be discussed in 

terms of the reported resul脂 of57Fe Mossbauer spectroscopy in Si. 

Discussion 

The CEMS for 57Fe implanted Si have revealed that a doublet is observed near 

v=Omm/s in the as implanted s胞t♂.The doublet was interpreted ぉ causedby a quadrupole 

interactions and the formation of Fe dimer (a pair of Fe atom) is responsible for the 

interaction. Namely the arrival of single Fe atom to白eprobe Fe atom breaks血ecubic 

symmetry of Si la凶αthusgiving rise to a finite electric field gradient. Upon annealing above 

600C the splitting is narrowed, which is inte中re胞das due to a formation of silicides 

(precipitates). So if one applies this model to our case of the implanted Si, no precipi旬.tes訂e

present after the implan匂tion叩dso由eformation of the Fe-In pair upon出eannealing may 

be concluded as出ecause of the PAC rotation pattern below 673。K.
However a recent ’＇in beam”Mりssbauerspectroscopy for 57Fe in Si4> has revealed a 

similar doublet. Since the 57Fe concentration is extremely low in the ”in beam”case, the 

formation of Fe dimer or precipitates is almost negligible in the experiment. So the doublet 

was interpreted as due to”a s町onglydisturbed environment”， namely, a radiation damaged 

state which is crea民dby the probe itself (correlated d副nage).

The values of the quadrupole splitting and the coπ・esponding EFG’s for these 57Fe 

spectroscopy are summarized in Table 1 together with a 57Co resultめ. Here V zz' s are obtained 

using叩 expressionfor the Huadrupole splitting, ( 1/4)eQV zz' with a known quadrupole 

moment ofl=3/2 state of 57Fe. I, If this value for 57Fe is assumed to be felt by 111 In also, the 

frequency of PAC spectrum should becomes ぉ highas 7 Grads・1far above the observed 

value of 355 Mrads・1.So the EFG due to”a strongly disturbed environment" can not account 

for the present PAC result. This argument, however, assumes出at白eEFG felt by 111ln is 

the same with出atfelt by 57Fe which, however, may not be justified. 

A fast quenching ex~riment or the implantation at lower低mpera仰 向 willbe 

necessary to obtain a clearer information on the state of Fe in Si. 
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Table 1. Quadrupole doublet after 57Fe Impl細胞rionin Si and出ecorresponding V zz但FG).

Probe Q.Slmms・1 Vzz11016Vcm・2 proposed species Author 

57Fe 0.785 3.9 Fe-dimer Sawicki et al 

0.43 2.1 ~ -FeSi2 Sawicki et al 

57Fe(in beam) 0.84 4.2 dis佃rbedenvironmt Schwalbach et al 

タCo(57Fe) 3.16 15.7 57Co・dimer Langouche 

0.465 2.3 disturbed environmt Langouche et al 
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I. 12. Conversion Electron Mossbauer Spectroscopy(CEMS) of 
Impurities Implanted Fe. 

Hanada, R 

Institute for Materials Research, Tohoku Universiη 

CEMS is a powerful tool to study microscopic structure of materials su巾 .celayers, of 

which ranges訂ebetween lPO and 4000A from the surface of Fe host. Namely, the 

conversion electrons (6.3keV)I in血isrange can reach to the surface to be det印刷bya pro戸r 

elec剛 cou附 rwith 即yin~ infonn剖ionon t s加 ctu

This r担igeis compar司blewith those of ions implanted to Fe host in the energy r卸igeof the 

ISOL(10-60keV). So CEMS enables us to study the effects of ion implantation on Fe host. 

Here, we have implan総dseveral impurities to Fe host with the natural 57Fe 

abundance(2.2%) and CEMS meぉurementhas been performed to develop the method or to 

find a proper dose of impurities implantation. 

Experimental 

Several impurities ions (Ag, N and CO) were implanted to high purity Fe specimens 

(20x20×0.25mm3) to a dose of up to 2xl017/cm2 with a proper energy. Since the extraction 

efficiencies for light ions were found poor for low implantation energies (below 20ke V), a 

higher implantation energies were chosen to obtain a high cu汀・entrather than to obtain a 

maximum overlap with the range of the conversion electron. For the range of implanted ion , 

see a separate report in this volume on TRIM calculation results on Fe host. 

The BSD・2400from Austin was used as出ecounter with He・3%butane (Q gas) as 

the counting gas. The Mossb~uer source W鎚 25mCi 57Co/Rh. Since no clear 6.3keV peak 

was observed in the energy spectrum, the SCA settings were detennined in a try and e汀or

manner to obtain the maximum SIN ratio. 

All the implantation and measurements were done at RT. 

Results and Discussion 

Fig. 1 shows the CEM spectra for CO (top), Ag (2nd top) and N (bottom two) 

implanted Fe to a dose as indi側：edtogether with pure Fe (center). 

All spectra show six e中issionlin悶伽cor附 ondto Fe伽 nsin tl 

phase without any disturbanc~. Namely, most of Fe atoms are in the substitutional site with 
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no defects or impurities at their lst or 2nd neighbor sites even after impurities impl印刷ion.

However7 if白espectra訂eexamined closely7 impl印刷oneffects紅enoted in N or CO 

implanted cases. 

For the case of N implanted Fe7 the spectra show a bulge ne訂 Omm/sof which 

magnitude increases with the N ion dose. This indicates血ata par潤nagneticph鎚 eis formed 

by白eimplantation in the ferromagnetic host phase. This仰ramagneticline is p陀 sentat 

almost the same position with出atof the p出荷nagneticaustenite phase in N alloyed and 

quenched specimens1>. The present results shows7 therefore7 N implantation causes a phase 

transformation of a phase (bee ferromagnetic lattice, ferrite) into a y phぉe(fcc par潤nagnetic

lattice, austenite) at RT. No fast cooling from a high temperature, which is inevitable for N圃

alloyed specimens to ob切nthey phase at RT, is necess副yin the present implantation case. 

The result for the CO implanted specimen, several bulges （・1.5,0 and 1.5 mm/s) are 

noted. Although both C and 0 ions訂eimplanted by CO ion implantation, the positions of 

these emission lines are different from those of C-alloyed specimens. Therefore it is likely 

these lines are caused by 0. Although 0 is an important impurity elements in Fe, almost no 

study has been reported to examine it as an isolated point defect. This is because the aほmp臼

to make an 0-Fe alloy by a thermodynamic method end up with the formation of oxides. So 

the p陀 sentmethod of the implantation giv邸 apossibility to prepare an Fe由 0alloys where 0 

is p民sentぉ anisolated defect. Further experiment is now in progress using 0 or 02 ions. 

For the case Ag implanted Fe, the spectrum is almost the same with白atof pure Fe. 

This indicates either the dose of Ag implantation is too low for the spectrum affec飽dor血e

implanted Ag ions precipi旬.teto form aggregates. Ag and Fe訂eknown to be immiscible and 

hence the latter possibility is likely. So if the temperatu陀 ofthe implantation is low enough 

for Ag ions not to migrate, Fe-Ag alloys, which can not be prep訂edby usual metallurgical 

method, may possibly be synthesized by the implantation method. New ion source which 

provides a higher beam cu汀entof Ag or other elements will be required to synthesize new 

alloys in a reasonably short time. 
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I. 13. Performance of a Parallel Plate Avalanche Counter(PP AC) 
for Emission Mossbauer Spectroscopy. 

Hanada, R 

Institute for Materials Research, Tohoku University 

Introduction 

For the cぉeof emission Mossbauer spectroscopy, where the probe activiザ isin a 

specimen, there are several ways of configurations for the spectroscopy. Namely, the 

specimen and the counter (for instance a conventional proportional counter）訂efixed and the 

absorber(for instance stainless steel foil) between them are given出eMossbauer velocity 

modulation. If this configuration is used in an吋nbeam”Mossbauer spectroscopy, where組

high energy ion beams are incident on an Fe specimen, the high background of y or X-rays 

chokes the counter to petf orm the spectroscopy almost impossible. To overcome the 

difficulty, Weyer has constructed a counter which is sensitive only to出eresonance y ray and 

not to others1>. The key of his counter is the use of 51Fe enriched stainless steel foil as出e

electrode, which emits conversion electrons only when the resonance absorption takes place. 

Since He is selected as the counting gas, the counter is sensitive to the electron and not to y or 

X-rays. So, the spectroscopy can be petformed with a reasonably low background even in 

由e”in-beam”case.
Since an吋nbeam”Mりssbauerspectroscopy was started with Nasu group in CYRIC, 

a counter of this type was constructed and tested, of which results will be described in the 

followings. 

Experimental 

Fig. 1 shows the counter which was hand made with the 57Fe enriched stainless steel 

錨 theanode and an aluminized myl釘 asthe cathode. The total weight of the counter is 7gr 

which is light enough for the k・3linear motor (Austin) for the Mossbauer velocity 

modulation. The counting gぉ isQ-gas which is a mixture of He and bu臨時（3%).Different 

from the usual configuration, the Mossbauer source (25mCi 57Co底的 wasfixed and the 

counter itself was given血evelocity m吋ulation.The output of the counter was recordedぉ

血efunction of the modulation velocity. 
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Fig. 2 shows a typical emission spectrum for the 57Fe in the stainless steel by 57 Co in 

Rh matrix. One notes a high S/N ratio of 2000%, which is typical for this kind of resonance 

The absorption width(FWl弘'1)is 0.4 mm/s, which is also a typical value for a 

stainless steel foil. So the counter should give a good spectrum if used other source 

Results and Discussion 

counter. 

specimens or in吋nbeam”experiment. 
Further testing is now in progress for the ”in be担n”spectroscopy.
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I. 14. Effects of Helium on Mechanical Properties of Structural 
Materials for Nuclear Reactors 

Hasegawa A., Abe K. and Satou M. 
Department of Nuclear Engineering, Tohoku UniversiりF

Introduction 

Materials in nuclear r伺 ctorsincluding fission r伺 ctorsand fusion r伺 ctorare exposed 

by high energy neutron irradiation. The neutron irradiation produce latti切 defectsand 

transmutation atoms in the materials by atomic collision or nuclear reactions to atoms in 

materials. Helium is one of transmu刷 ionelements and the solubility of helium in materials is 

so small由athelium precipitates as bubbles in the matrix and on grainboundaries. Behavior 

of lattice defects are strongly influenced by the helium, too. 

Degradation of material perlormance by the transmutation helium such as mechanical 

property change and dimension change are very important material issues in nuclear r伺 .ctor

engineering0. For ex；創nple,complex of helium and lattice defect (void) in the matrix cause 

swelling and hardening, and helium bubbles on grainboundary cause irradiation 

embrittlement The effects of helium depend on materials, alloying elements and irradiation 

conditions suchぉ irradiationtemperature. We have been studying the helium effects on 

mechanical properties of various materials using helium implantation method with a cyclo甘on

in CYRIC2・3>. This report will show some recent results of helium effects in zirconium 

alloys(Zircaloys）叩dvanadium(V) alloys. Zircaloys are fuel cladding materials of light water 

reactors and V alloys are one of candidate structural materials of fusion reactors. 

Results 

Helium effect~ on Zirconium Allovs 

Helium effects on tensile properties of Zr, Zircaloy-2(Zry-2) and Zircaloy-4(Zry-4) 

were examined using miniature tensile specimens of 0.15mmt thickness. Two heat treatment 

conditions were used to examine grain size effect. The grain sizes of heat-treated at 853K for 

3600s samples were 20μm, 4μm and 7μm and出atof h伺 t-tli切も.edat 1053K for 3600s 

samples were 40μm, 7μm and 16μm respectively. Helium was implanted up to lOOappm at 

room temperature by cyclotron in CYRIC using energy degrader to obtain uniform helium 

depth distribution in a specimen2・3>. The energy of helium ion beam was 36MeV. 

Displacement damage induced by the helium implantation was about 0.03dpa. After血e

implantation, tensile tes臼werecarried out from room temperatureもo1073K. 
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Resul脂 of低nsile倒的shown in fig.1 and fig.2. The increase in yield stress was 

observed in the three materials after由eimplantation. The decr1飽 sein elongation was 

observed at all the test temp~ratures. The maximum reduction of 70% of un-implan凶

condition was observed in the伺seof pure Zr tested at 1073K. Grainboun伽ryembrittlement 

at higher蜘 peratures,which had been observed in typi叫 at附 nitics飽els2>was not 

observed. The results suggest :that enough helium bubbles could not grow at grainbounぬq

in zirconium and zircaloys. 

Helium effects on Vanadium allovs 

Helium effects on tensile properties of pure V and V-Sfi-5Cr-1Si-Al-Y alloy were 

examined using miniatw官 tensilespecimens of 0.25mmt thickness. The specimens were 

h回 t－位制.eelat 1173K for 1800s and at 1373K for 3600s respectively. After the heat 

treatmen包 thegrain sizes were30μm and 20μm respectively. Implanted helium concen回 tion 

was SOappm. Helium implantation technique and post implantation tests were as出e銅 meぉ

出atof zirconium alloys. 

The results of tensile tests訂eshown in fig.3 and fig.4. The increase in yield stress 

after implantation was observed in the two materials but the yield stress increase of V-Sfi-

SCr・lSi-Al-Ywas smaller th組曲剖 ofpure V. The elongation behavior was more 

complicated than that of Zr alloys. In the cぉeof V-Sfi-5Cr・lSi-Al-Yalloy, decr・伺 seof 

elongation after implantation became lager with increasing test temperature, but elongation 

change by implantation of pure V depends on test temperature. Grainboun必ryfracture 

S町facewas only observed in helium implan凶 V-Sfi-SCr・lSi-Al-Yalloy tested above 723K. 

In the cぉeof pure V, grainboundary frac側resurface was not observed in this test conditions. 

The mechanism of these fracture behavior of helium implanted s制nplesis in progress. 
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I. 15. A Weak-Coupling Approach to the Least-Squares Method 

FujiokaM. 

Cyclotron and Radioisotope Center, Tohoku University 

Using an explicit expression of inversion of a symmetric matrix the ”coupling” 
between two se臼ofp副溜netersin the least-squares method is studied, and the result of weak-

coupling limit given. 

The least-squares method (LSM) is very pop叫訂 andconvenient in m組 yfields for 

da旬 analysis0.In血efollowi~g we formulate a least-squares method in which NP parameters 

are divided into two qroups tjf N1 and N2 parameters, and es問 iallycon副 erthe case of 

”weak-coupling”limit; N1 + 'Ni2 =NP. We follow the vector-matrix way of description of ref. 

2). We assume a linear LSM. 1 

We use the following notations: 

y : column 'iector of m伺 surementsat Nm points. 

p : column '1ectorof NP parameters. 

F : Nm x NP matrix of fitting functions. 

W(y) : Nmx Nm~eight matrix of m伺 surementsequal to the inverse of eπor 

matrix of measurement E(y）・•； E(y）三くる1ybyT>,where T denotes 

transposition. 

E(p) : NP xNP e町ormatrix of parameters三 ＜i>y{)yT>.

The outcome of LSM is written as 

p= A-1F’1 

E( tJ = A"1. .J 
、‘，J
咽
E
A

r
－‘、

When we divide the NP parameters into two qroups of N 1 and N 2 P紅白netersand 

”partially”conduct LSM, we have for p1 

ft>= A;1F{W（）以 whereAi = FiW（玲F.,and 、
E( ft>) = ~1 ; for F1 see eq. （勾 below. ./ 

(2) 

The co汀回pondingrelations hold for p2 <2＞；白eindexes ci> and c2> indicate that the LSM 

Wぉ performedindependent} y within the parameter se包 1叩 d2, respectively. 

Now we formulate the relationship of ”partial”and ”whole”LSM's by using an 
expression of inversion of a symmetric matrix: 
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Aa （~ ~）， both I¥叫 beingsymmetric. 

Then we have as seen by direct computation: 

A-1 = ( ( A1 一 α~·αT)-1 -A~ 1α＜Ai-aTA;lαrl ¥ 

¥-A;・αT(f¥ －αA;lαTfl （；＼－α・T A;lαr1 I 

_ f (l¥ －αA;lαT）ー1 ベ；＼－α.TAi Iα）－1αA; I ¥ 

-＼.ベA,.一αT;\Iα）ー 1αTA~· (1¥－αT A;l吋－ • I 

The symmetricity of A··• is implicitly contained in eq. (4); suffice it to see that 

(l －αA';.lαT 1'1）α＝（；＼ － αA;lα.T） ~lα 

＝ α(1 － ~·αTA~·α）司~·（ 1\ －αT A1a), 
which when multiplied by 

(A.－αA;lατ）－1 and (Ai -aT A~ h）ー1

from left and right, respectively, give 

A~1a(A.i－αTA~·α）ー1=(A1-aA;1αTf1aA;1=[ A;'taT(A「aA~·αT）ー•r,

etc.; QED. 

Let us apply eq. (4) to the whole LSM: 

l汗W（分F1 F;W(y)F2 ¥ 
F= (F1 F2) and A= I I 

¥ FiW（分F1 FiW(y）瓦j

(3) 

(4) 

(5) 

WenotethatF1isNmxN1 andF2isNmxN2 composingFof NmxNP. From eqs. (3) and 

(5) we identify A1 with F1T W(y)F., A2 with F2T W(y)F2 andαwith F1T W(y) F2, 

respectively. Therefore, we have: 

( '¥ -1 T _f <A. 一 αA；•αす i (F°｛－ α~l RT) ¥ 
p= ( R} =A F W(y)y-( 2 ) ・W(y)y. 

¥ R} \(A,. 一 αTA~lα）ー t (F：［－αT 1¥1 F() I 
(6) 

Eq. (6) shows generally恥 relationor the”coupling”betweenp1組 dp2. At this point we 

focus our attention to p1 and see the "perturbation”from p2 for the case of ”weak coupling” 

i.e. for ｜α｜《 1.Then we have: 

A a= Jl> -a= f¥ 1αA; •p2TW（ 分 y ＋ …・・ ， 

and, similarly for E(p) : 

I E( ii11> (E（がm¥ 
E（か＝ A-1冨 I I 

¥ E( Jl2° E( 022 I 
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from which we have: 

AE( R) = E( H≫ーE(A) = A. 1-E( //11) = A. 1αA; 1αT Kil+ (9) 

We conclude; when we divide the伊rametrersin a LSM into two se胞 of戸rameters

such白atthe coupling包mα ｜三F1TW(y)F2be small, the error of fitted戸rametersand their 

V訂i如 ceof one group committed by neglecting the other is to the first and the second orders 

of magnitude of the 、町・engthof the cougling”， respectively. 

Since eqs. (4) through (6）訂ethemselves exact，出eymight also be utilized for 

studying the effects of changing the number of p創溜netersin a LSM and, further, to study血e

optimum number of paramete~ for the co汀・esponding(i. e., when the population is given as a 

multidimensional normal distribution having血eerror (covariance) matrix of E(y)) problem of 

lv1LM (Maximum-Likelifood Method) under the regime of AIC (Akaike's Information 

Criterion)3>. 
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I. 16. A Note on the Paraxial Expansion of Cylindrically 
Symmetric Magnetic Field 

Fujioka M. and Honma T. 

。clotronand Radioistope Cent伐 TohokuUniversity 

For the sake of convemence a brief derivation and the general exp創isionform叫鎚紅e

qiven for the magnetic field around the s戸nmetry鉱 is泊tennsof Bρ） 

defined on血e以 is.

Axially symme凶cmagnetic field B(r,z) is determind once出efield distribution along 

血.eaxis B2(0,z) = B(z) is given.官邸factis utilized for the magnetic field off axis e. g. in a 

lens-type beta-ray spec佐ome低r1) or in the central hole through the cyclotron yoke. 2) Since 

白eform蜘泊ref.(1) is limited and not referenced we briefly derive白.efull formulas 

泊 thefollowing. 

百iemagnetic flux density B must fulfill the following we一回ke血ccylindrical 

coordinates (r, <j>, z): 

divB= r-1arrBr + d2B2 = 0. 

rotB=O弓 arBr-0~2 = 0. 

(1) 

(2) 

It is no也d白瓜B,=Oand白atB does not depend onゆ.Operating az on (1) and using (2) one 
obtains 

(r－司rar＋ぽ）Bz=L¥Bz・

αi the other hand, operatingor on (1) and using (2) gives 

((}rr-l()rr ＋記）Br=A’Br.

Note血edifference of A and A'. 

Let us begin with Bz<r, z): put1白igfor brevity 

B2(r，か主主（帆

which when substitu総din (3) gives ( <0> deno低snth differentiation) 
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ABz＝忍（n1r°叫＋刊、

= f~～ r-1f 1 + r t;1> + 4 fl+ r ~l) + 9 r ら＋戸~l)

+ 16戸九＋ r4f~1> + 25♂ら＋戸t<;>+ ・・・… = 0' 

which by equating term by term gives a series of relations. 

1. e. : 

九＝ 0 ' ~l) + 4f2 = 0 '9色＋ f~1> = 0 , 16f4 +f~1> = 0 , 25f5 ＋伊＝0，・

fl＝ら＝ら……＝0，九＝一(l/ 4) f~＞ ' f 4 ＝ー（1116) f~1> 

= (l / 64）伊，…・・

Sinceら（z)is just Bz(O, z) = B(z) itself, one ge胞

Bρ，z) = B（功一（1/4)B<2>(z)r2+(l/64)B<4~z）戸…・・ （。

B~ inspection we have a general formula: 

Bρ，z) = B(z）ー（1危うB<2>(z）戸＋(l/2241)B拘（z)r七（1/214261)8例（z)r6・・・．
．（η 

In a completely similar fashion we get; 

Br(r,z) ＝ー（1/2)8<1>(z)r+ (112宅4)8<3>(z）戸

一（ 1/21416)B<S>(z）~＋ (112弘司528)B<7>(z)r7・・・・・・ 
(8) 

Eqs. (7) and (8) are the requir，凶result;the general term is eぉyto identify. 
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I. 17. Field Properties of a Small Dipole Magnet Utilizing 
4-Pairs of Permanent-Magnets 

Honma T., Fujioka M., and Shinozuka T. 

Cyclotron and Radioisotope Center, Tohoku Universiザ

A new type of small dipole magnet utilizing 4-pairs of cylindrical permanent magne胞

has been designed. By the use of 4-pairs of pennanent magnets出eanti-symmetry terms of 

the vertical field component in the horizontal mid-plane can be completely elimina胞dover the 

whole range of field strength, resulting in a better field unifonnity as a dipole magnet. 

Introduction 

Advantages of using penn叩 entmagnets in accelerator instruments訂ethat to be 

ex戸ctedto provide a very high field in a limited available space and should be opera低deasily 

where its using in a high voltage tenninal because of being the lack of electric power for 

maintaining the field and cooling system. 

Previously we proposed and manufactured a proto-type permanent-magnet dipole1> 

(PMD) utilizing 3・pairsof cylindrical perm組 ent-magnetrods. However, a small qu釦 tityof 

quadrupole component remained due to its anti-symmetry tenns of vertical白elddistribution in 

the horizontal mid-plane. It is practically impossible to eliminate the組 ti-symmetryterms 

with the PMD consisting of 3・pairsof magnet. Therefor, a better configuration was searched 

to co汀・ectthe field distribution. In this paper we p陀 senta new assembly of dipole magnet2> 

PMDII, which have 4-pairs of cylindrical permanent-magnet rods, and discuss the field 

properties of the PMDII by using the two-dimensional pennanent magnet code PANDIRA3>. 

Magnet Layout and Field Properties 

The PMDII has been designed to have the almost same dimentions as the PMD except 

for the rod diameter and its assembly. A cross sectional layout of the PMDII with 4-pairs of 

rods (8・pennanentmagnets) is shown in Fig. 1. The magnetic field in the working紅白伺n

be changed by rotating the rods, where each adjacent rods are rotated in the opposite direction 

to obtain the symmetric field distributions for the configulation of 4-pairs of rods. Figure 2 

shows the calculated field inhomogeneity distributed in the horizontal mid-plane as a function 

of the rotation angle of 8 = 30° ,60° and 80.5°, where the value of 8 = 80.5。givesthe 

maximum field s町engthin the PMD II. As can be seen in Fig. 2, symmetrical field 
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distributions are obtained, and也eydo not depend strongly upon the rod ro刷 ionangle 8. 

For the present design of shims the maximum field inhomogeneity over the region of ±2.0 cm 

副nountsto 0.05%. Figure 3 shows the field distribution in the various planes of y = 0.0 

(mid-plane), 0.4, ・o.8 and 1.2 cm for the rotation angle of 8 = 60。， wherethe field 

inhomogeneities are represented槌 血eratio [ {BY(y）ーBY(O)}IBY (0)] similarly as in Fig. 2. As 

is clear in血efigure，由efield distributions over the whole y-plane have a good symmetry. 

The maximum field inhomogeneity in the working紅白創nountsto about 0.15%. 

The field s町・engthat出ecenter of the magnet calculated by the code as a function of 

the rotation angle 8 is shown in Fig. 4. A maximum field strength of 3.56 kG was predicted. 

One should no低血atthe maxiqmm field strength emerges not at the rotation angle of 90。but
at80.5。， correspondingto thei result that the zer1かfieldoccurs not at 8 ＝ぴ butat 8 = -9.5。；
otherwise the field strength depends upon血erotation angle of the rods like a function of sin 

8 (see in Fig. 4). 

The PMDII has special, advantage of field unuformity in the vertical field distributions 

due to the fact that the quadrupole components over the whole range of field s佐・ength訂e

completely eliminated by血esymmetry of the configuration. This type of magnet can be 

conveniently used as a dipole magnet elsewhere in beam handling systems. 
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I. 18. Annealing Effects of Au-Si Nuclear Detectors Irradiated 
by 10 MeV α－Rays 

Ohba K., Mito A., Wakamatsu M., Shoji T., Hiratate Y., Tohei T. and Ishii K. * 

Department of Electronics, Tohoku Institute of Technology 
Department of Quantum Science and Energy Engineering, Tohoku University* 

Introduction 

The effects of radiation damages produced by ch訂 gedparticles have so f釘 been

reported in Si nuclear detectors1・5>. These radiation damages cause serious deterioration in 

semiconductor detectors. 

In the previous report5>, we discussed degadiation characteristics of the Au-Si nuclear 

detectors irradiated by 10 Me V α－rays. 

In this report, we discuss annealing effects of Au-Si nuclear detectors irradiated by 10 

MeV αーrays. This annealing is performed in order to recover the characteristics of the 

damaged detectors. 

Experimental 

The Au-Si surface barrier nuclear detectors used in this study were fabricated from 

phosphorus doped n-type Si wafer with a carrier concentration of～1012 cm-3(2 kQ・cm)and 

thickn~ss of 400 μm. The process of the detector fabrication was described in detail in the 

previous work5>. 

The detectors were irradiated with 10 MeV α－rays by using the cyclotron of Tohoku 

University. The irradiation doses were up to～1011n1αn2. 

Recovery of the radiation damaged detectors was carried out by the thennal annealing 

method. The annealing wぉ performedin釦 atomosphereof Ar gぉ ata temperature of 150。c
for an 1 hour. 

The characteristics of白edetectors before and after irradiation, and after ann伺 ling

were studied by 1-V(current-vpltage}, C-V(capacitance-voltage), counting response to 241Am 

αーrays(5.48MeV) and DLTS(deep level transient spectroscopy)6> measurements・

Results and Discussion 

As shown in Fig. 1, after irradiation the reverse cuπ・ents increased due to the carrier 

generation through the defect-states introduced in the depletion layer of the detector. By 

annealing, the reverse cu汀・entsdecreぉeand approach to the currents before irradiation. 
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In the C-V ch副司.cteristics,we could not observed obvious changes between the 

irradia凶 detectosand the ann伺 ledones. 

In Fig. 2, counting response of the detector to 241 Amα－p紅 tidesat 30 V biぉ is

shown, before and after irradiation, and after annealing. After irradiation, the peak position 

shifts toward the lower channel numbers, but by annealing the peak position tends to re同rnto 

出ebefore irradiation position. The FWI弘,fof the spectrum before irradiation is 54 ke V, but 

becom閃 94.5keV after irradiation and 57.4 keV after annealing. 

In the DLTS measurements, an only one energy level is obviously observed at 0.39 

eV below the conduction band edge. By annealing the defect density of this level is reduced 

to about 112 as compared with the density before annealing. 

From these measurements, it is seen that tbe perfomances of the detectors are 

degraded by the irradiation of 10 Me V αーraysand are moderately recovered by annealing. 

However, in order to aim at complete recovery of the degraded detectors by the irradiation, it 

is thought that improvemen臼oftheann伺 lingmethods訂enecessary. 
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I. 19. Characteristics of a High-Purity Germanium Detector 

Tsubota H., Miyase H吋 MaedaK., Suda T., Toyofuku A., and Endo T. 

Department of Physics, Graduate School of Science, Tohoku Universiか

A High-purity germanium (HPGe) semicond~ctor has been usedぉ adet倒 :orof 

charged戸rticl回 witha good energy resolution°. This detector has excellnet properties for 

storage and operating. When not operating at liquid nitrogen tenperature, this detector can be 

stored at room temperature. This is very useful to the user. The energy resolution of the 

HPGe detector is also so good for charged particles as well as for gamma ray that a mo陀

compact m伺 surementsystem白ana magnetic spectrometer can be made with a good energy 

resolution. However there are some flaws which are unfavorable to the user. Firstly it is 

difficult to ob凶na large volume detector, and the maximum energy of the particles to be 

measured is also liumited by the size of the detector. Then the characteristics of a large HPGe 

detector has reported very few. It is important to obtain information so the large HPGe 

detector for the experimen旬lstudy with the high energy resolution using this detector. 

Secondly the gerumanium semiconductor is very sensitive to a gamma ray and is used as the 

detector with a high efficiency for the gamma ray. This property of the HPGe detector makes 

the user difficult to m飽 sureparticles in a strong gamma ray environment. 

In this paper the experimen旬iresults for the dependence of the energy resolution on 

the incident proton intensity and the influence of the background environment to the large 

HPGe detector, that is the possibility to use this detector in the experimen凶 roomV of 

CYRIC, are reported. 

The experimen阻larrangement is shown in Fig. 1. A target of Au(0.46 mg/cm2) set in 

a scattering chamber was irradia附 byprotons (of energies of 35 MeV) from the cyclotron. 

The Au旬rgetwas held with a 1 mm thick Al holder. The sca坑eredprotons were detected 

with the HPGe detector (l:urisys M伺 sure,EDGP 2800-35-R, 2800mm2 x 35mmt) set in a 

vacuum chamber at 35 degrees with respect to the incident proton beam. It is expected that 

the beam shape at the凶 ・getposition is broad in the horizontal plane2>. In order to avoid the 

effect from the beam shape a slit (2mm gap, 2mm thick stainless steel) was set in front of也e

detector as shown in Fig. 2. The scattered proton has an energy unce目白ntyof about 2 ke V 

by this slit gap. During measurement, the detector was kept at liquid ni甘ogentempera卸rein 
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由evacuum chamber (about 10・6Pa). The vacuum chamber was shielded with concrete 

blocks and戸raffinblocks for the backgrounds from a Farady cup. 

A typical energy spec町umof the scattered protons by the Au旬rgetis shown in Fig. 

3.αi can see several conspicuous pe誌sother出組制 elぉticscattering戸akat 35 MeV of 

白eprotoon energy （巳） in泊施 spectrum. The 32.SMeV peak seems due to由ebroaden 

protons horizontally which passed through出eAl旬rgetholder and lost the energy in血e

holder. The 11 keV peak is protons passed through the stainless steel slit in front of the 

detector, which indicates also the incident beam wideness at出etarget. In this m回 surement

由eelectric signals from the de飽ctorwere discriminated at about 7 Me V. The part lower也知

about 10 Mev in the spectrum ipcludes noises mainlly. This spectrum was measured with the 

proton intensity of 0.6nA and counting rate of 13.2 (counts/sec). The spectrum shows a cl伺 r

elぉticp伺 kand indicates the possibility to use this large HPGe detector for study inelastic 

protons in the energy region aqove 14 keV under a more suitable shield for backgrounds. A 

serious pile-up by backgrounds of X-rays fron target was expected，組dpointed out with 

emphasis均thedifficulty of the particle measurement using the HPGe detector at CYRIC. But 

such pile田 upsare not found in the spectrum. The proton meas町 ementwith the beam intensity 

of 2.8 μA was also made. The spectrum shows also similar result to伽 twith 0.6 nA except 

a small pile up. 

Dependence of the energy resolution on the counting rate was measured, and the 

result (full widths at half maximum) is shown in Fig. 4, where e汀orsare not shown. The 

figure does not show a notable dependence of the resolution on the counting rate. The 

average resolution is about 0.3 keV. The specification sheet for this detector gives 2.04 kev 

at 1332 kev g担nmaray. Assumiag the s副neresolution, we expect由er回 olutionof 0.05 

MeV at 35 keV for protons. For the Ge(Li) detector 15 Kev at 44 MeV protons has been 

reported均. The presnt result i~ larger than the ex戸ctedone and that for the Ge(Li) de飽ctor

condideably in sprite of the cl~ proton energy spectrum. The present resolution seems to 

indecate the incident bram unc~rtainty. 

The above resolts sho1w that: (1) The presnt HPGe detector has a good energy 

resolution for protons as welljas gamma ray, and the resolution for the proton detection is 

better th却 0.3%. (2) Protons in the energy陀 gionabove Ep = 14 MeV can be de低cted

without a serious backgroud of X-Rays from tne target, gamma rays of the neutron capu仰 向

by the around materials, especially Faraday cup, and electrical noises. This indicates血atthe 

experimen凶 environmentof the experimental room is bery good and the experiment using 

the present large HPGe can be made for proton detection with a good energy resolutioon. We 

can plan the meru写urementof protons using HPGe detectors. For other charged particles the 

detector test will be made in future. 

The authors would like to thank professor H.αihara for his kindness to give us a 

chance of this experiment. They also th創lkMr. A. Yamamoto for his helpful advice and 

assistance during this experiment. 
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I. 20. Development of The RF Separator for The Secondary 
Beam1 from The Incident Particles 

Suzuki K., Kotajima K., Fujisawa M., Tanaka M., Minemoto K., Yamaya T. *, Ishiyama 
H.*, Yamazaki A.*, Katoh M.*, Tojima J.*, Shinozuka T.**, and Fujioka M.料

Department of Nuclear Engineering, Tohoku University 

Department of Physics, Tohoku Universiか＊
Cyclotron! and Radioisotope Center, Tohoku Universiか＊＊

The kinematically focused secon也rybeams of neutrons and some unstable nuclides 

can be provided by using the heavy ion induced reactions on light nuclei, the 1H{13C,n)13 N 

reaction for example. By counting unstable particles produced in the reaction, the yield of the 

emitted neutrons can be estima凶 ass岡山rdneutron field. From a低chnologicalpoint of 

view, one of the important f¥ts which severely influence upon the counting yield of the 

unstable particles is the separation from the incident beam. In this work, the radiかfrequency

(R町separator1・2>wぉ chosenand built up as a device for the α－beam separation, and practical 

perfonnance was examined by using 14.5 MeV beam. Through the measurements of 

deflected angle of. αーbeamon various delay time for the sep訂atorRF timing from the 

cyclo町onRF timing, it was confinned白at血eRFsep訂atorwas driven correctly. 

Introduction 

The kinematically focused secondary beams can be produced by utilizing the 

endoenergetic Heavy Ion (HI) induced reactions on light nuclei勾. We could have obtained 

focused beams of neutronのandsome radioactive nuclides5> from the 1H{13C,n)13N and 1H 

(15N,n)150 reactions at Toho~u University Cyclotron and Radioisotope Center (CY悶 C).

Counting radioactive particles created in the reaction makes it possible that由eintensity of this 

focused neutron beam is estimated absolutely. The secondary beam must be sepru司tedfrom 

the incident HI beam before drtection, because the incident p訓 clesare still more than血e

secondary by millions times. We had used the dipole magnet for the separation, however it is 

impossible白atthe secon由rybe創nis identified from inelastically scattered particle whose 

momentum per charge (plq) is equal. 

A velocity selection (ti~e of flight selection in other words) is aimed by using the RF 

separator for the present work, not only a p/q selection with the dipole magnet. In using this 

separator behind the magnet, the incident beam is supposed to be 吋ectedby白emagnet, and 

in the second place，出eRF・se戸ratorwill deflect radioactive particl回 andinelastically 
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scattered pa凶clesin the different directions because of different TOF from the阻rgetto血e

elec甘odesof the separator. Between the electrodes high voltage is supplied by amplifying由e

RF signal that is provided from the synthesizer driving出ecyclotron. 

Design of the RF separator 

Threshold energy of 1H (13C, 13n) N reaction is 41.75 MeV, so incident energy of 

13C4+ ion should be 47 MeV taken into account energy loss at the window of the gas-target to 

obtain well-focused secondary beams. In this case radio-frequency operating cyclotron is 

24.8恥凹zand energy of 13N is 26.9・28.4Me V that is to say velocity of 2.00 -2.05 

cm/nsec. So 13C6+ with veloci勿of1.71・1.76cm/nsec cannot be thrown out by the magnetic 

field for selection of 13N7+. In order to kick the 13C fn the different direction from 13N, the 

RFsep訂atorshould be established at the distance of 2.45 m from the target, because half the 

periodic time of the RF is 20.2 nsec. 

The block diagram of the RF separator is shown in Fig. 1. The RF signal driving 

cyclo佐onis divided for the separator to synchronize the phase of the electric field and the 

pulsed beam from the cyclotron. We can control the amplitude and phase of the RF signal for 

the separator with the synthesizer and nano-second delay generator, respectively. 

The amplitude-and phおかcontrolledsignal is fed into the high voltage generating 

S旬geconsisting of a driver, an RF power amplifier and a tank circuit. The tank circuit is 

composed of three variable capacitors whose capaci匂neeis variable from 30 to 150 pF組 d

three inductors. The capacitors in the output side訂econnected in series. The inductors in 

the output side consist of two coils in series, each constructed from a 5 mm diameter copper 

tube to form a3.5 tum coil of 60 mm diameter and 60 mm long. The inductors in出einput 

and output sides are訂rangedcoaxially to be supported by a cross-structured acryl. 官官

inductance of these coils is determined experimen凶lybecause of the stray capacity. The 

optimum tuning point is found by minimizing the vol匂gestanding wave ratio through 

叫justmentof three variable ca伊citors.10 kV of peak to p伺 kvoltage was measured for an 

input power of 40 W by a 1000: 1 high voltage probe. Therefore the Q-factor of this凶 k

circuit is larger than 75. It should be noted that a probe is a large Q-dump load, viz a lower 

power might be sufficient to ob凶n10 kV peak to peak voltage without a probe. 

The electrodes consist of parallel oxygen-free copper plates, 20 cm long by 4 cm wide 

with 2.0 cm spacing. They are supported by four high vol泊gevacuum f民 d-throughs

withstanding a voltage of 12 kV DC inside the beam duct. 

Suppose白ata particle with mass of m, velocity of vL and charge of q ge包 vertically

into白eelec凶cfield VI d by RF voltage V = V0 sin 2:Jtf ( t+ t 0) at白etime t = 0. When this 

伊rticleruns across the field for longitudinal distance of L，出etr；組sversecomponent of 

velocity vT is 
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Experimental Procedures and Results 

The practical 戸rform叩 ceof this RF separator thus prepared wぉ examinedby using 

14.5・MeVαp訂tidebeam frotjl CYRI C A VF cyclotron. The experimen凶 setupis illustrated 

in Fig. 2. Then the radio・frequencyis 24. 783 l¥i任lznearly equal in case of the acceleration of 

47・MeV13C4+. 

At first the αーbeamdeflected in half the side was measured on various delay time of 

RF high voltage from the cyclotron RF timing, and its result is shown in Fig. 3. Intensity of 

αparticle was measured as beam-current by Faraday cup behind the slit and normalized with 

counts ofαparticles scattered at th~ Al target. This result shows that the beam was 

transported in bunches and the deflection of beam depends on the difference in the phase on 

arrival times of beam. The large spot size of beam is supposed to be the reason why the 

in低nsityin case of the deflecti~n on the opposite side to the slit was not zero, but it may not 

be a problem if the double quadrupole focusing lens are used. 

As the next step, the maximum transverse deflected angle was investigated when the 

input power for the tank circuit is 30 W and 40 W to determine the voltage between the 

electrodes, Q-factor and inductance of the tank circuit. The following values are substituted 

for p創溜netersof Eqs. ( I ) and ( 2 ) : 

m= 4.14×10-s ev ・s2/m人 νL=2.64×107m/s, q=2e [C], 

L= 0.200m, d=0.020m, /=24.783×106 Hz' 
nf L 

2nf to＝τ一一一＝0.312.n ~ VL 
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and we can obtain equations to express白erelation between RF high voltage釦 ddeflectionぉ

Vr = 17.3 ¥.-6 [mis] , y =6.54×10-8 Vo [m] . 

Now D of Eq. ( 3 ) is 0.57 m in this experiment, so出atthe high voltage supplied between 
the elec佐odesis calculated from the transverse position Y measured experimen凶lywith血e
following equation : 

Vo =2.28×106 Y [V]. 

Since Y wぉ measuredas 6 mm for an input power of 30 W to白etank circuit and 9 mm for 

40 W, the voltage is determined as 14 kVp-p for 30 Wand 21 kV p-p for 40 W. So the Q-

factor of the tank circuit is supposed to be around 140・150.

Conclusion 

Through these measurements and calculations it was made sure that this RF separator 

is good enough for a practical use. Particularly，出eRF high vol匂geof 10・20kV enough to 

separate secondary-beam 13 N from inelぉticallyscattered 13C could be generated. 
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Fig. 1. Block diagram of the RF separator. 
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I. 21. Alignment of atomic inner-shells by proton impact 

Futatsugawa S .. Ishii K. *. Sera K. **. and Orihara H. *** 

Nishina Memorial Cyclotron Center, Japan Radioisotope Association, Tomegamori, 020・OJTakizawa 
Department of Quantum Science and Energy Engineering, Tohoku Universiザ＊

Cyclotron Research Center, Iwate Medical University, Tomegamori. 020・OJTakizawa＊本

Cyclotron and Radioisotope Center, Tohoku University*** 

Introduction 

By bombardments of electrons or h伺 vycharged particles, inner-shell electrons of 

target atoms訂eionized and the inner-shells訂ealigned to the direction of incident beam I>. 

There are two methods to investigate this alignment effect on the inner-shell ionization: 

meぉurementof angular distribution of x-ray intensity and measurement of polarization of x-

rays. Here, results on the measurement of the po加iza.tionof characteristic x-rays induced by 

proton bombardments訂ereported. 

Experiment 

Targe臼ofSi, Mo, and Zr were bombarded by 3Me V proton beams from the A VF 

cyclo町onat CYRIC, Tohoku University and characteristic x-rays emitted to the direction of 

90。withrespect to the incident beam were analysed with a crys凶 spectrometer,which was 

designed to be rotated from O。to90。ina plane pe中endicularto the direction of x-ray beam 

for the measurement of x-ray polarization. This crys凶 spectrometerconsists of a solar slit, 

an EDDT crystal, a goniometer, and a position sensitive proportional counter (PSPC). The 

direction of grid of the solar slit is parallel to the x-ray diffraction plane. This solar slit 

prevents scattered x-rays from entering the position sensitive proportional counter. The x-

ray energy-range, which can be measured with the EDDT crys凶， isfrom 1.74 keV to 

2.45keV. 

The target of Si was prepared by vacuum evaporation onto a thin aluminium backing 

foil. By measuring kα－x-rays of Si, uniformity of the detection efficiency for the rotation of 

spectrometer was tested and as shown in Fig. I, the detection efficiency is uniform within ± 

2%. 

The self supporting targets of Mo and Zr were obtained by using a rolling mill. La.-

and 4-x-rays of these elements we陀 observedwith our crystal spectrometer叩 d白eir

yields were normalized by the beam currents. The angular distributions of these x-rays are 

shown in Figs. 2 and 3. 
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Results and discussion 

As seen in Figs.2 and 3, we can recognize the anisotoropy of angular distributions in 

La・andLp-x-rays of Mo and Zr. Especially, it is remarkable in the cぉeof La・x-rays.

The La-x-rays are produced by radiative transition to由esubshell of 2p3/2. Therefore, this 

anisotropy means the alignment of 2p3/2 subshell. Theoretical treatment for the po加ization

effect on the x-rays produced qy h回 vycha取 dparticle bombardments is now in progress. 
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II. 1. Separation of 95mTc Produced in Proton Irradiated 
Molybdenum by Sublimation Method 

Sekine T., Mine T., and Kudo H. 

Department of Chemistry, Graduate School of Science, Tohoku Universiη 

Migration behavior of long-lived fission pr~uc臼 in the environment has attracted 

increasing interest from a view point of nuclear waste management1>. Among a number of 

fission produc臼， 991司c(2.11 lxlぴy)is one of the most important nuclides produced with 

comparatively high yield (6%). Although technetium is a well known element白atmigrates 

easily in組 aquifersystem, little is known on the chemical species of technetium including 

colloids or pseudo colloids under reductive condition and on the complexation with naturally 

occuπ・ed organic materials such as a humic acid. To study chemical reactions of technetium 

in a trace創nount,we intended to prepare 95吋噌c,which was a gamma emitter with a suitable 

half-life of 61 d, by the proton bombardment of molybdenum. A sublimation method was 

applied to separate 95°7c from macroscopic molybdenum, based on the volatility difference 

between technetium oxide (Tc207 or Hfc04) and molybdenum oxide (Mo03). The former is 

much volatile than the latter, and the resulting deposition sites are different under an 

appropriate tempem旬regradient. 

Molybdenum( natural) metal foils (12mmx 12mm, 0.1 mm thick) were irradiated with 

proton (EP = 24 MeV, 10 μA) for 3 hours at the Cyclotron Radioisotope Center, Tohoku 

University, and the irradiated匂rgetwas stored for about a month for decay out of nuclides 

with shorter half-lives. After cooling, technetium was separated by sublimation using an 

electric furnace (Fig. 1) which had temperature gradient shown in Fig. 2. The molybdenum 

foil was placed in a quartz tube (5 or 6 mm i.d., about 1200 mm long) at the highest 

temperature site and heated at 760°C under oxygen gas flow (50 ml/min). Fig. 3 shows a 

change of gamma-ray dose rate outside the electric f umace at the sample positionぉ afunction 

of the heating time, measured with a Nalσ1) scintillation detector. The decr伺 seof the 

gamma-ray dose with time was due to the sublimation of 95吋 c.It took about 2 hours for 

complete sublimation of 95rorc irrespective of high volatility of technetium oxide. The 

phenomenon was caused by lower volatility of molybdenum oxide which was successively 

formed and sublimed from the surf ace of molybdenum metal by heating under oxygen gas 

flow. 
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Fig. 4 shows the distribution of radioactivity deposited inside the quartz tube, 

measured with a Ge detector equipped with a 4 k multi-channel組 alyzer. 95°1Tc was 

deposited around the end of the electric f umace where the temperature s飽eplydecreased from 

200 to 100°C. The macr1叩 nountof moly凶enum o刻化wasdeposited in the region of 650 to 

400°C and was comple凶ysep創司.tedfrom the technetium oxide as expected. Rosch et al. 

studied the sublimation condition on the separation of 94°1Tc (T 112 = 52 min) from the proぬn

bombarded moly凶enum o泊4eor metal for nuclear medical application2>. They poin制 out

出eformation of TcO" depositing at出eb組 daround 400°C which overlapped with the Mo03 

band. In our separation, however, the舵chnetiumspecies were not deposited at such a high 

temperature site (400。C). The result may be attributed to the difference of flowing gas 

component ; they used m泊nlyair or air with moisture but we used oxygen for complete 

oxidation of technetium. 

The 95°1Tc deposited onto the inner surface of the quartz tube could be quanti旬tively

removed with a minimum amount of dil. NaOH solution, and the stock solution of 95°1Tc 

(some MBq Im~） wぉ successfull~ prepa凶 for白e回 ceruse thereafter. 

Another reaction for the production of 95"1Tc recommended is by the alpha particle 

irradiation of niobium that consists of only 93Nb as a stable isotope. An advantage for this 

reaction is that contamination with other long-lived technetium isotopes, such as 97Tc, 98Tc or 

99Tc, is excluded in the 95°1Tc fraction separated, while such contamination occurs by the 

proton bombardment of natural molybdenum that has a number of stable isotopes. 

Furthermore, the separation of technetium from niobium by sublimation is well established 

as shown in Fig. 4, in w~ich 91mNb叩 d92mNb produc吋 bythe {p,a) reactions of 

molybdenum deposited near the heating site in contrast to the 95吋司cdeposition at much lower 

temperature site. The high purity of 95町 retracer has been demanded to examine the yield of 

chemical procedures especially for the analysis of 99Tc in environmental samples by ICP-

MS3>, the contamination from long-lived isotopes of technetium being avoided. 
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II. 2. Highly Sensitive Determination of Oxygen in Copper 
by Charged Particle Activation Analysis 

Sakurai H., Sayama Y., Masumoto K.大andOhtsuki T.* 

Central Research Institute, Mitsubishi Materials Corporation 

Laboratory of Nuclear Science, Faculηof Science, Tohoku Universi砂本

The electrical and mechanical prope則自（e.g.electrical conductivity) of copperぽe

strongly influenced by出epre~nce of oxygenI>. As growing use of highly purified copper 

in various industrial fields, it hぉ beenneeded to develope an accurate anal戸icalmethod of 

oxygen con加nedat the order of μg・ g-1 in copper. Among various analytical methods, the 

activation method which uses the 160(3He, p)18F reaction gives high sensitivity叩 d

selectivity for the analysis of oxygen. In order to prevent the interference from the intense 

radioactivity induced in copperhy the 65Cu(3He, 2n)66Qa reaction, the chemical separation of 

I BF is indespensable. As this matrix activity can not be perfectly removed by the direct 

precipitation as an insoluble fluoride, the st伺 mdistillation method has been wiqely adopted 

for血ese戸rati叩 ofIBF. Allhough this method is time-consuming and the recovery組 d

reproducibility of this inethod is not so good. In this work, the combination of 

pyrohydrolysis and U乃 precipi阻.tionmethod2) has been tried to the oxygen analysis by 

charged-particle activation for the first time. The etching condition h部 beenalso investigated 

to remove the surf ace con~ination of oxygen from the atmosphere. 

All copper samples we~e obtained in disk (diameter: 10 mm, thickness:2 mm). The 

BCR CRM 054R”low oxygen copper”which contains 0.47 μg・ g-1 of oxygen and a pure 

quartz glass were used as comparative standards. Samples and standards were wrapped with 

pure aluminium foil of 10 μm in thickness. Irradiation was done at the No. I irradiation 

channel for radioisotope production of Cycrotron Radioisotope Center, Tohoku University. 

F.ach銅 mple wぉ irradiatedby 20 MeV 3He for 50 min at the average current of 1 μA. In 

order to monitor the beam intensity of 3He, a copper foil of lOμm in thickness was placed 

before血esample. The surf ace of sample was cooled by blowing He-gas and the reverse side 

of sample was cooled with wat~r indirectly. 

Fluorine was separated as follows, using the apparatus shown in Figure 1. The 

irradia低dsample was etched with 3M-HN03for10 min. The etching depth was checked by 

measuring the weight loss of samples after etching. Then it was set into an alumina crucible 

containing 0.1 g of CaF2 as theiF carrier, and covered with 2 g of Na2 W20,3) as the auxiliary 
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reagent. The crucible was inserted in an electric f umace which was heated at 1100℃. Then 

the moist oxygen was passed into a furnace at the rate of 500 cm3・min-I. The fine solid 

particles from the furnace were retained by a quartz-wool. The liberated fluorine was finally 

町appedin 40 ml of 0.025 M -NaOH solution. 

The solution was heated up to 90。Cand lml of cone. HN03 and 5 ml of lM-

La(N匂h solution were added to precipi匂te as LaF3_ Then 25 mg of 

Al(S04)3・Na2S04・24H20was added as the flocculating agent. After 5 minutes, the 

p問cipitatewas collected on a membrane filter (poresize; 0.45mm, diameter; 47 mm) Finally 

the filter was put into a polyethylene bag to measu陀 theradioactivity under the same counting 

condition. The 511 keV annihilation y-ray from 18F was measured with a high purity Ge 

detector and a pair of BOO-scintillation detector. At least, each sample was measured for 

three times at one half-life intervals. 

Figure 2 shows ・the depth profile of fluorine activity expressed as the count rates of 

511 keV y-ray per μm thickness of a copper sample. It was found that the surface 

contamination reached at 4 μm depth. Therefore, the etching depth was fixed at about I 0 μm 

to remove the contamination completely. The surface of the sample was still smooth after 

etching. 

The concentration of oxygen in four copper samples have been determined as shown 

in Table 1. The certified reference material BCR CRM No.054R was used as a comparative 

standard. In the case of Cu-D sample, the oxygen concentration was also determined using a 

high purity qu訂tzas a standard. The result was in good agreement with that obtained by the 

BCR standard. The analytical results of the samples (Cu・C,Cu-D) containing mo問 t~an I 

μg・ g-1 of oxygen were in good agreement with the results of the other method. But in the 

cぉeof the sample (Cu-A, Cu-B) containing less than I μg・ g-1 of oxygen, the results did not 

agreed with the results of the other method and the relative standard deviation was over 50 % 

(Cu-A). It is not certain that this result means the unhomogeneity of oxygen in these 

samples. Therefore, the improvement of sensitivity is still nesessary to make clear the 

behavior of oxygen under I μg・ g-I. 
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Table 1. Res叫臼foroxvJ?en in conner samnles (concentrations in u.J?・E・I)

Found Av.± S. D. Other Method* 

0.2 

0.5 

1.3 

3.0 

0.029 ± 0.016 

0.30 

1.3 ± 0.1 

2.9 ± 0.3 

0.053, 0.013, 0.027, 0.032, 0.018 

0.35, 0.25 

1.4, 1.3, 1.3, 1.4 

2.6, 3.1, 3.2, 2.8 

3.1, 3.0 

さ担些
Cu-A 

Cu-B 

Cu-C 

Cu-D 

3.0 

*Inert gas fusion method.** a high purity qu紅白 wasused as a standard. 

3.1 Cu-D本＊

3 

Fig. I. App釘atusfor fluorine separation by the pyrohydrolysis; 

1・oxygen,2・H20.3-heater, 4-alumina boat, 5-electric furnace. 

6・quartz・wool,7-absorption bulb, 8-Na川 07,9-carrier, 10-sample 
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III. 1. Effects of Haloperidol and Cocaine on Pharmacokinetics 
of [tIC]Methamphetamine in Methamphetamine Sensitized Dog 

Mizugaki M., Nakamura H., Hishinuma T., Tomioka Y., lshiwata S., 

/do T.*, Iwata R.へFunakiYブ， ltohM.へFujiwaraT. * 

Introduction 

SatoM.“，Numachi Y. **and Yoshida S 

D句partmentof Phannaceutical Sciences, Tofzoku Universi；砂Hospi加l
Cyclotron and Radioisotope Center.Tohoku University 

Department of Psychiatry, Tohoku Univ~rsiか SchoolザMedicine.. 

The subchronic administration of methamphetamine (MAP) or amphetamine (AMP）め

experimen凶 animalsproduces progressive and enduring augmen凶 ionof hyper locomotion 

and stereotyped behaviorl,2). The precise neurochemical mechanism underlying曲is

phenomenon, refen吋 toas behavioral sensitization or reverse tolerance, is not comple・低:ly

understood. Al血ou.ghvarious mechanisms have been proposed to explain the expression of 

MAP or AMP-induced behavioral sensitization, little attention has been戸idto也e

pharmacokinetic change. We have previously studied the pharmacokinetic change of MAP in 

血ebrain following re戸atedMAP administration and repo巾 d血esignificant increase in 

[llC]MAP up包kein the MAP-sensitized mouse brain3) and [14C]MAP up旬kein the MAP-

sensitized rat brain4>. In addition, we reported出atthe maximum accumulation level of 

P 1 C]MAP in the MAP-sensitized dog brain was 1.4 times higher than白atin the con甘015).

These observations raise the possibiliりr血atincreased brain MAP levels mediate血e

development of MAP-induced behavioral sensitization. 

In the present study, to investigate the relation between the MAP-induced behavioral 

sensitization and血epharmacokinetics of MAP, we examined白epre佐・eatmenteffects of 

haloperidol and cocaine on brain distribution of P 1C]:N仏Pin MAP sensitized dog. 

Materials and Methods 

SYNTHESIS OF p 1 C]MAP 

The synthesis of [1 1 C]MAP was carried out by modifying the on-line 

p 1 C]methylation method6) as previously report5>. The mass spectra, HPLC and TLC of this 

material were identical to authentic material . The specific activity was about 48.1 GBq/μmol 

at the time of supply. The radiochemical purity of P IC]MAP was determinedぬ.~mnrp, 市制

99%. 
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POSITRON E恥但SSIONTOMOGRAPHY (PET) STUDY IN A DOG 

The MAP-sensitized dog, used in our previous study5), was initially anesthetized with 

ketamine (10 mg/kg, s.c.) and maintained under pentobarbital (25 mg/kg, i.v .) anesthesia. 

Catheters were inserted into the arterial vein for arterial blood sampling and into the venous 

vein of the foreleg for adminis~tion of [llC]MAP. Vi凶 signs(blood pressure, pulse rate, 

blood pH, p02, pC02 and body temperature), monitored and recorded throughout the PET 

study, were kept within a physiological range. In the haloperidol pre甘・eatmentstudy, 

haloperidol ( 1 mg/kg) was in白羽n凶 C叫arly administrated at 60 min before i吋ectionof 

p 1 C]MAP. In the cocaine i pre紅白.tmentstudy, cocaine h）命ochloride(5 mg/kg) was 

intravenously administrated three times at 15 min before and 15 and 45 min after injection of 

[llC]MAP. After an intravenous injection of [llC]MAP (248・418MBq) into the animal, 

dyn副nicscan was carried out p創ヨllelto the orbitomeatal (OM) line using PET scanner 

(PT931, CIT Inc, Noxvile USA at the Cyclotron and Radioisotope Center, Tohoku 

University, Sendai, Japan) for 90 min. The following regions of interest were selected 

according to our previous report7> : parie凶 cortex,occipi凶 cortex,temporal cortex, frontal 

cortex and cerebellum. Tissue concentration of [11 C]恥1AP¥Vas measured using a ROI 

program. 

DOG PLASMA恥IBTABOLITEANALYSIS

Arterial blood samples were collected in heparinized tubes at 5, 10, 20, 4Q and 50 min 

after the in ection of P 1 C]MAP and centrifuged (3000中mx 3 min). Plasma samples (0.5 

ml) were added to 1 ml of methanol, and the mixture was sonicated and centrifuged ( 15,000 

rpm x 45 sec). The supema加 1twith the addition of unlabeled MAP was i吋ec除dinto the 

analytical HPLC system. The [llC]MAP fraction we問 collectedand counted by an 

automated Nal counter. The percentage of [11 C]MAP activity in plasma activity wぉ

cal cul a凶．

QUANTITA TI ON OF HALOPE悶DOLANDCOCAINE IN DOG PLASMA 

Plasma concentration of haloperidol was determined using a MAR悶T-1¥締

Haloperidol Kit (Dainippon Phhrmaceutical Co・Ltd,Osaka, Japan）・

Plasma concentration of cocaine was determined by modifying the solid-phぉe

extraction and the GC/MS qua~titation method previously described by Abuseda et az.s>. 

Results 

PET STUDY IN A DOG 

Fig. 1 shows the effects of haloperidol and cocaine pretr・側 menton the time course of 

regional distribution of [l lC]MAP in a sensitized dog. [l IC]恥仏Pshowed a widespr1ぬd

distribution throughout the brain. Under the sensitized condition, the maximal level of 

82 



accumulation of [llC]MAP wぉ 1.4times higher血anthat in the control (Fig. IA). This 

phenomenon is prevented by pretr1伺 .tmentof haloperidol (Fig. lB) and cocaine (Fig. IC). 

We found very little difference of the regional distribution of p 1q恥仏Pbetween the three 

PET studies, but p 1 C]恥1APclearance from the brain in the two pre佐eatmentstudies was a 

little slower白anthat in the non-pre紅白伽ientstudy.

DOG PLASMA恥ffi'fABOLITE ANALYSIS 

The results of metabolite analysis in the three PET studies訂edepicted in Fig. 2. At 

50 min after the injection, only 20% of MAP Wお inthe unmetabolic form. In the comparison 

of each PET study, slight but not significant differences were found in metabolism of MAP. 

PLAS恥仏 CONCENTRATIONOF HALOPE則DOLANDCOCAINE 

The haloperidol plasma level profile during the haloperidol pre町ぬ.tmentPET study is 

shown in Fig 3A. Blood clearance of haloperidol was linear during the PET study, ranging 

from 60 to 150 min after the intramuscular administration, and the biological half-life was 

appro氾mately180 min. The haloperidol plasma concentration during PET study r釦 gedfrom 

37 to 50 ng/ml. 

The cocaine plasma level profile during the cocaine pre甘伺tmentPET study is shown 

in Fig. 3B. Although the blood clearance of cocaine was rapid, the minimal cocaine plasma 

level remained at 400 ng/ml. 

Discussion 

In order to investigate the pharmacokinetic change of [11 C]MAP in MAP sensitized 

animals using PET, we created a MAP sensitized dog by rep伺飽dMAP adrninistration5). In 

the present PET study using this sensitized dog model, we performed a challenge test 

applying MAP 7 days before each PET study. The challenge i吋ectionof MAP ( 1 mg/kg) 

after a 90 days withdrawal period reproduced the hyperlocomotion and s旬reotypedbehavior. 

This result suggests that the MAP induced behavioral sensitization may last for a long period 

of abstinence after subchronic tv仏Padministration. 

We measured plasma concentration of haloperidol and cocaine to evaluate their 

pretreatment effects during the PET study. As reviewed by D油19), therapeutic plasma 

haloperidol concentrations in the range of 5-20 ng/ml have been reported by some 

investigators, but others have found no such relationship. A generally valid therapeutic 

plasma concentration range for haloperidol has not yet been defined. However, we 

considered that the haloperidol plぉmalevel in this study was sufficient for antidopaminergic 

activity in the brain. In a ph訂 macokineticstudy of cocaine in humans10>, the terminal plasma 

half-life after intravenous administration of cocaine was relatively short ranging from 31 to 63 

min. Since we also found that the clearance of cocaine from the brain was rapidll), cocaine 
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was i吋ec飽d由reetimes at 30 min intervals. In this P町、study,cocaine plasma conαn仕組ons

declined exponentially after i~traveno凶 injection, but the minimal cocaine plぉmalevel was 

400 ng/ml, which was also sufficient to induce a pharmacological effect. 

One factor伽 tchanges出ephann抑制帥csof MAP is由e枇 rationin the 

metabolism of MAP. Metabolite analysis revealed that the pretli伺 .tmentof haloperidol and 

cocaine do not influence由erate of MAP metabolism. This result leads to the conclusion that 

由ephannacokinetic chang白 werenot due to白echanges in the rate of MAP metabolism. 

In behavioral studies, dopamine組 tagonis臼 preventthe development of behavioral 

sensitization induced by rep伺 .ted恥'.lAPadministration12). This evidence indicates that 

stimulation of dopamine receptor by MAP-released dopamine may be necessary for the 

induction of behavioral sensitization. The present study demonstrated that pre町eatmentof 

haloperidol prevents the elevation of brain 恥仏P levels following rep倒，ed MAP 

administration. This obse附 ionraises the possibility伽 dopamineantagonis臼 also

influence the pharmacokinetics of MAP and prevent the development of behavioral 

sensitization. 

MAP increases synaptic dopamine primarily by stimulating presynaptic release rather 

than by blocking the dopamine reuptake, as is the cぉewith cocaine. The molecular 

mechanism of dopamine efflux of MAP has been attributed to an exchange-diffusion process 

via the dopamine tr，如sporter13).Since cocaine binds to dopamine transpo巾 rand inhibits the 

uptake processes for MAP, the result of cocaine pretreatment study app訂，entlys.uggests that 

陀 P回 .ted恥1APadministration causes an increased MAP ・uptake into the dopaminergic nerve 

terminal via dopamine transporter. However, cocaine prevented the enhancement of the MAP 

level in the whole brain, indicating the mechanism of this phenomenon occurs the blood and 

brain comp訂 tments. Al血oughwe can not explain this mechanism, it is interesting that 

cocaine produced a cross-behavioral sensitization with MAP and affected the 

phan蹴 okineticsof MAP in rytAP-s印刷zedanimal. 

While it is unlikely th~t the elevation of MAP level at the dopamine nerve tenninal 

alone can account for behav10ral sensitization, it is possible that the enhanced MAP level may 

affect its development or expression. Further studies on the phannacokinetic change of MAP 

in恥仏Psensitized animals訂epresently in progress using rhesus monkeys. 
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18 III. 2. Present Status of the [ F]FDG Production at CYRIC 

Iwata R .. Ishikawa Y., Funaki Y叫 NaitohY. and Ido T. 

CYRIC Tohoku University 

At CYRIC 2-deoxy・2-[18円fluoro・D・glucose([ 18町FDG)was prep訂・edfor clini伺 l

PET studies for the first time in 1983 after a fully automated synthesis system bぉedon the 

original method1) had been developed2). Approximately 120 p陀 parationswe問 madefor 3 

years with the average yield of 16 mCi and then the synthesis system was replaced with a 

new automated synthesis system based on the improved method utilizing [18円acetyl

hypofluorite3) in 1985. This second automated system was used until quite r舵 entlyat 

CYRIC although a novel excellent synthesis method by the nucleophilic fluorination with no・

carrier-added [ 18円fluoridewas developed in 19864>. In to凶， nearly330 preparations Wぽe

made with the average shipped yield of 33 mCi for 9 years. 

We developed a new automated system for the preparation of no・carrier-added

[18円FDo5>. The third synthesis system was, however, used only to supply the labeled 

compound for basic animal studies, while we modified the system to simplify the procedure 

for 印刷reroutine use. A new 3D PET (Shimadzu SET 2羽OW)was installed at CYRI C in 

1994and beg組 tobe available for clinical use回 rlyin 1995. The demand for [18円FDGwas 

thus increased and this situation led us to decide to introduce the third system for routine 

production of [ 18F] FDG. 

The present report describes the development of the automated system for the 

preparation of no-carrier-added [18円FDGtogether with the improvement made on血etarget 

system for the [18F]fluoride production with 180・enrichedwater. 

[18F]Fluoride production 

A static包rgetwas substituted for the circulating阻rgetused for a long time at CYRIC6) 

to reduce the volume of expensive 180・enrichedwater (50 atom%) to a minimum and to 

increase白especific activity of [18F]fluoride. As shown in Fig. 1, 1.5 mL of the包rgetwater 

was remotely loaded into the in司diationchamber (the body: Ag, the beam window: 30 mm 

Ti, the net volume: ca. 1.2 mL) via two pneumatic 6-way valves (Valeo) using組 HPLC

pump and an overflow was recovered in a reservoir. The irradiation was carried out using a 

18 Me V proton beam at a beam cuπ・ent of 10 mA for 90 min. The target pressure was always 

87 



monitored with a small pressure sensor and displayed on a computer CRT (see Fig. 2). Aflもer

the irradiation the旬rgetwater was transferred to the automated system with a H2 flow at 30 

mUmin. The chamber and the transfer line (i.d 0.8 mm and 20 m long polye由ylenetube) 

was washed with another 1 mL of the enriched water. The combined water was passed 

through an anion exchange membrane filter (Bio-Rad) to conveniently recover the匂rget

water7＞組d批［18F]fluoridere凶nedby the membrane wぉ由eneluted with a carbonate 

solution for subsequent use in the [18円FDGsynthesis. 

A new window cooling system with a circulating cold He flow was introduced to 

efficiently cool the beam window during the beam irradiation, in addition to a water cooling at 

the back side of the target. Figure 2 illustrates two typical pressure profiles during the 

irradiation at 10 mA. A sudd~n drop in the阻rgetpressure indicates血.atthe increase in the 

pressu陀 ismainly due to vaporization of the water and a remaining p陀 ssu問 canbe ascribed 

to gaseous products radiolytically produced. When the Ti window was replaced with a 25 

mni Havar foil to enhance the window strength, a gradual increase in the pressure was 

obserVed and it s包yedat白esame level when the irradiation was inteπupted. This at飽mpt

was abandoned. The pressure increase changed day by day and it seemed to be affected by 

surface conditions of the beam window apart from cooling conditions. 

The average production yield of [18F]fluoride wぉ 350mCi/10 mAhr and the specific 

activity of the [18円fluoridewas determined to be about 4 Ci/mmol by ion chromatography 

with a Dionex QIC Analyzer quipped with an Ion Pac A S4A-SC 4 mm column. 

18 
Automated [ F]FDG synthesis 

The prototype automated system of NKK Corp., based on our third automated system, 

was installed8) and modified. As illustra凶 inFig. 3，出esystem has a specially designed 

flask, attached to a small rotary evaporator an~ workingぉ bothreaction vessel and 

evaporation flask. Te伽 buty加古moniumbicarbonate σBAHC匂） instead of commonly used 

Kryptofix 222 was adopted 筋 lphase transfer catalyst for a simple one-pot synthesis9>. The 

whole synthetic procedure is a8 follows: 

1. One mL of water con凶凶ng50 mmol TBAHC0:3 was passed through the 

membrane to elute the [18F]fluoride into the flぉk.

2. One mL of acetonitrile (MeCN) wぉ addedto白eflask and the mixture was dried by 

位，eotropicevaporation under reduced pressure. This step was rep切除dfor 

complete dryness. 

3. Twenty five mg of 1,3,4,6・Tetra-0・acetyl・2・0・triluoromethanes凶fonyl・b・D・

m釦 nopyranose(Aldric~） dissolved in 1 mL叩 hydrousMeCN was added to the 

residue and恥 mixturewas hぬ胞dat 80ooC for 5 min. 

4. The solvent was eva戸時.tedand 1 mL of 1.2 M HCI W鎚 added.The hydrolysis 

was carried out at lOOooC for 10 min. 

88 



5. The hydrolysis mixture was p邸 sed伽 ougha short cation exchange resin column 

(All舵ch),an AG 11A8 ion retarding resin column (Bio-Rad), a Sep-Pak C18 

cartridge(Wa胞rs）組da Sep-Pak alumina N cartridge (Waters) and血encollec凶 in

a large evaporating flask. The reaction flask and columns were washed with 5 mL 

of water and the washing was combined to the first eluate. 

6. The aqueous solution containing purified [18円FDGwas evaporated to dryness組 d

8 mL of saline was added to dissolve the residue and then passed through a 0.22 

mm membrane filter into a sterile vial. 

The above procedure, including the匂rgetirradiation and recovery, wぉ to凶lyautomated 

with a personal compu町（NEC9801). The use of TBAHC0:3 allowed us to simplify恥

automated synthesis procedu陀 toa gr1伺 textent, compared with白eprevious method using 

Kryptofix 222. 

The preparation of [18円FDGwas thus completed within 90 min after the irradiation. 

The average yield of [18円FDGstarting from the [18F]fluoride (ca. 500 mCi atEOB) was 200 
18 mCi at EOS. The radiochemical purity of ［円FDGdetermined by radio-HPLC on 

Carbohydrate (Waters) was always over 99%組 dTBAHC匂 wasnot de旬C舵din the final 

solution by the extraction-spectrophotometric method10> (detection limit: 0.02 mmol). The 

low reproducibility of the [18円FDGyield in the previous preparations, probably due to the 

low specific activity of the [18F]fluoride produced with the circulating阻rget,was overcome 

in the present method as the specific activity was greatly improved up to over 4 Ci/mmol at 

EOB11>. 

Recently much attention has been paid to bぉichydro I ysis owing to its short, high-

yield procedure at room temperature in contrast to acid hydrolysis12>. Another advantage of 

this basic hydrolysis is血atthe formation of 2-deoxy・2・chlorかD-glucoseis avoided13>. 

From this viewpoint, hydrolysis with cation exchange resin is also an ai町activeal飽mative14>.

This hydrolysis method has the possibility of exploiting a new method for a total on-column 

preparation of [18円FDG15>. All these things will be achieved in our next system in n伺 r

future. 
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III. 3. [18F]Labeling of Pyruvic Acid 

Ta初hashiT. *,/do T. and Iwata R. 

Cyclotro~ and Radioisotope Cen~er, Tolwku Universiη 
Radioisotope Center, Niigata University * 

Introduction 

In previous papers1・4>,Bjurling et al. showed the usefulness of [11C]Iabeled pyruvic 

acid as a synthon for the synthesis of [11C]labeled amino acids such as L-tryptophan, 5・

hydroxy-L-tryptophan, L-tyrosine and L-DOPA using a m叫ti-enzymaticreaction. However, 

for a longer and closer m伺 surementstudy by PET, the radiopharmaceuticals labeled with a 

longer half-life positron emit町 suchぉ 18F(t112 = 109.8 min) seem to be more suitable. We 

have proposed血e[18F]labeling of those amino acids by a similar e位戸naticsynthesis to由at

Bjurling demonstrated. For this proposal, an efficient synthesis of [18F]fluoropyruvic acid is 

needed. In this paper, we report an eぉyand convenient synthesis of 3-[18F]fluoropyruvic 

acid. 

Materials and Methods 

GENERAL 

1H-NMR spectra were recorded on a JNM-Fχ100 spectrometer with TMS槌出e

internal standard and i.r. spectra on aJasco A-202 i.r. spec町ometer.

CHROMATOGRAPHY 

Column chromatography wぉ carriedout on silica-gel (W akogel C・200(Wako Pure 

Chem. Ind. Ltd.)) using由esolvent indicated below. Analytical HPLC was performed using 

an ion exchange column (Radi~pak SCX (Watman) , 10 μ m, 8 mm i.d.× 10 cm long) with 

potassium citrate buff er (potassium dihydrogen citra・飽（6.91g) and citric acid (14.71 g) 

dissolved in water (final volume 500 mi)) as the solvent (flow rate: 1 m.e I min). 

SYNTHESIS OF STARTING MATERIALS 

3・Bromopyruvicacid and thionyl chloride were purchぉedfrom Wako Pure Chem. 

Ind. Ltd. 

Meth~I 3-brom~va也： Me白yl 3・bromopyruvatewぉ preparedby a method similar to 

白紙 describedin the literatu問舟． To a solution of 3・bromopyruvicacid ( 1.0 g, 6 mmol) 
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dissolved in abs. MeOH (70 mL), thionyl chloride (10 mL) was added dropwise at O℃．百ie

mixture was sti汀・edatO℃ for 15 min and then refluxed for lhr. After removal of the solvent, 

the residue was purified by column chromatography .(CH2Cl2) to give me血yl 3・

bromopyruvate (791 mg). Yield : 73% （仕om3・bromopyruvicacid). pale yellow oil. i. r. 

(CHCl3): 1730 cm・1 (CQ-OMe). 1H-NMR (CDC13) :b 3.83 (3H, s, -COほ民）， 3.90 (2H, 

s, Br-CH2-CO・）．

18F-LABELING 

Kryptofix 2ム2was purchased from Merck, dehydrated acetonitrile ( for nucleic acid 

synthesis) used for [18F]labeling was from Dojin Chem. Lab. Ltd. and 3-fluoropyruvic acid 

sodium salt was from Aldrich Chem. Co. Inc. 

Production of_[18円fluoride: [18円Fluoridewas produced via the 180(p,n) 18F reaction by 

proton bombardment (18 Me V, 10 μ A) of a cir℃ulating 50% enriched [180]water target using 

the CGR-MeV model 680 Cyclotron located at Tohoku University6). 

S)!:nth倒的 of_:h巴町flUOTOp)!:nIViC包 id : The labeling procedu問 isshown in Fig. 1. The 

substitution reaction wぉ carriedout according to a litera仰向 procedure7>.To the [18F]water 

(150 μL), 0.15 M :KzC03 aq. sol. (50 μL) and a solution of Kryptofix 2ム2(K 2ム2)(6.3 

mg, 17 μmol) dissolved in acetonitrile (250 μL) were added. While purging with flowing 

N2, the solvent was comple凶yevaporated to dryness at 100 C. To the residue, a solution of 

methyl 3・bromopyruvate(2 mg, 11 μmol) dissolved in acetonitrile (1 mL) was added and 

then白emixture was refluxed for 5 min at 100。C.Subsequently 0.5 N methanolic KOH ( 1 

mL) w邸 addedand the solution was refluxed again for a further 10 min at出esame 

tempera仰向.2N HCl ( 1 mL) was added and the solvent was evapora凶 invacuo. 

Quality 00凶ml : The radiochemical purities of the final products were determined by 

analytical HPLC and the chemical purities on UV detector (220 nm). The retention time of 3・

fluoropyruvic acid sodium salt was 4.2 min. 

Results and Discussion 

Methyl 3・bromopyruvatewぉ usedぉ as匂rtingmaterial for this [18F]fluorination 

according to the synthesis of ωー［18円日uorofattyacids5>. This starting material is somewhat 

less stable and seems to decompose slowly on standing at room temperature. 

The decay-co町・ectedradiochemical yields of 3-[18F]fluoropyruvic acid were 38-56% 

and the time required for the synthesis wぉ 55・65min from the start of r伺 ctive[18円F([K 

2ム2r18F) production. The radiochromatogram of the final product is shown in Fig. 2. The 

radiochemical purities were> 97% and the obtained 3・［18F]fluoropyruvicacid will be used 

for the following enz戸naticsynthesis without further purification. 

Now, we have studied the next enz戸naticsynthesis step using 3-fluoropyruvic acid 

sodium salt in cold runs and the further synthesis of chemically pure 3・[18円日uoropyruvic
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acid from methyl 3・0・tosylpyruvate(synthesis : see ref. 8) for preventing enzyme inactivation 

with residual bromopyruvic acid in [18F]fluorination. 
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III. 4. In Vivo Distribution of 18F-fluoromisonidazole 

Kubota K., Tada M. •. Susumu Y., Iwata R.”， Sato K., 
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Department of Nuclear Medicine and Radiology, 

Institute of Development Aging and Cancer, Tohoku Universiη． 
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Radioisotope laboratory, Cyclotron Radioisotope Center, Tohoku University .. 

Introduction 

Misonidazole and its congeners訂eme泊bolicallytrapped in cells that are alive but at 

low oxygen tension, and訂eknown as radiosensitizers of cancer radiotherapy, also known 

as markers of ischemic cellsり. Auorine-18・labeledfluoromisonidazole ([18円FMISO)has 

been develo戸dand studied for in vivo imaging of hypoxic tissue of tumor白atis import副

総 radiotherapy-resistantcomponent, and for imaging of ischemic myocardium using 

positron emission tomography (PET)2.3＞.丹diminaryPET imaging study has vis凶 Iized 

various types of tumors2>, however definition of hypoxic tissue nor possible role of 

P円FMISOin oncology diagnosis have not yet been e、ralt旧民din detail. We have started a 

project for re-evaluation of [18円FMISOusing in vivo tumor model and here we report出e

initial result of tissue distribution study of [18円FMISO.

Materials and Methods 

A new one-pot synthesis of [18円FMISOusing v-vial will be陀 portedseparately4>. 

Radiochemical yield was 20%, with radiochemical purity over 98% and to凶 synthesistime 

wぉ about80 min. Seven-week old male Donryu ra包 weretr，組splantedwith 0.1 ml 

suspension of 107 AH109A hepatoma cells i吋ectedsubcutaneously in the由igh時 ion.

Tracer experimen胞 wereperformed 8 days after tumor tr：叩splan旬tionfollowing 8hr of 

fasting. Thirty rats bearing AH109A tumor were i吋ectedintravenously into the lateral凶l

vein wi出al .85MBq (50 m Ci) of [18円FMISOand killed 5 (n=3), 30 (n=3), 60 (n=6), 120 ( 

n=6), 180 (n=6), 240 (n=6) min later. Tissue samples were excised and weighed, and 18F 

radioactivity wぉ measuredusing an automated gamma-scintillation counter. Tissue 

radioactivity was expressed as出edifferential uptake ratio. 

Tissue radioactivity I Tissue weight 
DUR＝ー

Injected radioactivity I Animal weight 
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Result and Discussion 

Time course tissue distribution of [18円FMISOin ra臼 showedthe highest uptake by 

liver followed by kidney. Blood, lung, heart, muscle, and brain訂ethe third group of uptake 

level. All normal tissues showed slow exponential clearance patterns after initial 

accumulation with the T112 about 2hr. Tumor up也kewas the second and reached a plat，伺uat 

30 min, remained constant up to 2hr, and decreased. Tumors to blood or muscle uptake 

ratios were about 2 and stable from 2 to 4 hr after injection. It suggested that positive tumor 

imaging is feasible in various . parts of出ebody except in liver and kidney. The uptake 

patterns suggested some metabolic interaction of [18F]FMISO with tumor but not with any 

normal tissue. Our data is consistent with previous report of the metabolic s匂.bilityof 

[18円FMISOin vivo. AH109A制moris a radiosensitive tumor5>, and the tumor size at出e

experiment is about lcm in diameter. It seems to be consisted of mostly viable cancer cells 

with few necrotic portions. In another word, tumor may not be hypoxic. Tumor trapping 

mechanism and i臼 correlationof hypoxia seems to be not so simple and further evaluation 

will be performed. 
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Time course tissue distribution of FMISO 
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III. 5. Effect of Granulocyte-Colony Stimulating Factor on 18F-
FDG Uptake in Experimental Inflammatory Tissue 

Yamada S .. Kubota K .. Kubota R., Tamahashi Nア， and/do T.** 

Introduction 

Depo/rtment of Nuclear Medicine and Radiology, 

Institute of Development, Aging and Cancer, Tohoku University 

Clustercore Institute of Biology* 

Cyclotron and Radioisotope Center, Tohoku University** 

In previous report, we demonstrated that 18F-FDG in inflammatory tissue increased 

progressively to a p伺 kon day 4 after inoculation of tu中entineoil and由endeer，伺sed1・2>_

Macro-and micro-autoradiogr~phy showed a high density of silver grains in the abscess wall 

consisting of an inflammatory cell layer and granulation tissue2>. In this study, we examined 

the effect of gr，如ulocytecolony stimulating factor (G-CS町 on18F-FDG up旬kein 

inflammatory tissue by tissue distribution study. 

Materials and Methods 

Male Donryu rats weighing about 100 g were used. To induce inflammation, animals 

were inoculated with 0.2 ml o~ 制中entine oil subcutaneously in the left groin. Six rats were 

subcutaneously i吋ectedwith 5 μg/0.2 ml of 0-CSF and other 6 ra包お controlgroup with 

0.2 ml of saline every 12 hours from day 1 to day 3 after inoculation of加中印刷eoil, 

respectively. On day 4, each rat was i吋印刷with740 kBq (20 μCi) of 18F-FDG through血e

同lvein. They were analyzed 1 hour later. The inflammatory tissue sample, including 

inoculated tu中entine-oil,was excised and trimmed off the neighboring subcutaneous tissue. 

The heart, liver, spleen, muscle and bone tissues were excised and the blood collected from 

the heart as samples. Each sample was weighed and the 18F radioactivity was counted with a 

welトザpeNAl(Tl) autogamma1counter and corrected for decay. Data were expressed as the 

differential uptake ratio (DUR). Simultaneously, blood cell counts in blood samples were 

measured. 

Results and Discussion 

Table 1 summarizes results of 18F-FDDG uptakes in various tissues of ra胞 intwo 

groups (G-CSF加 dControl). M関 ndifferential up回keratios (DUR’s) in spleen, bone and 
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inflammation in G-CSF group were significantly higher than those in Control group. There 

were no significant changes in DUR’s of blood, heart, liver and muscle. Table 2 shows the 

blood cell count. White blood cell counts including lymphQCyte and neutrophil in G-CSF 

group were significantly higher出anthose in Control group. There were no significant 

differences in red blood cell and pla低let.

G-CSF is a cytokine which acts directly on neutrophil-restricted progenitor cells, 

stimulating their proliferation3>, enhances neutrophil activation4> and is relevant to wound 

healing斗 InG-CSF group of this study, white blood cell count in blood, 18F-FDG uptakes 

in spleen, bone and i凶lammatorytissue were significantly increased, respectively. Those 

results are consist with G-CSF’s ability and function. 
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Table 1. 18F-FDG uptake in rats 4 days after inoculation of turpentine oil. 

Blood Heart Liver Spleen Muscle Bone Inflammation 

G-CSF 0.23 ±0.02 5.23 ±2.00 0.31土0.03 1.69±0.15 0.82±0.27 1.66±0.30 2.26±0.25 

Control 0.22±0.06 6.0I±I.96 0.28±0.06 1.34±0.14 0.66±0.23 1.19±0.36 1.86±0.36 

(NS) (NS) (NS) (p<0.005) (NS) (pく0.05) (pく0.05)

Values are Mean±SD (Differential Uptake Ratio) using 6 rats. 

(NS): not significant. ( ): p value between G・CSFand Control groups. 

Table 2. Blood cell count in rats 4 days after inoculation of turpentine oil. 

White Blood Cell Lymphocyte Neutrophil Red Blood Cell Platelet 

xl03/mm3 x103/mm3 xl03/mm3 x106/mm3 x103/mm3 

G-CSF 11.4±3.9 5.7±1.8 5.7±2.1 6.13±0.29 1045±98 

Control 3.4± 1.3 2.4±0.5 I.0±0.8 6.38±0.20 1138±67 

(pく0.005) (pく0.005) (pく0.005) (NS) (NS) 

Values are Mean± SD using 6 rats. (NS): not significant. ( ): p value between G・CSFand Control groups. 
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III. 6. Double-Tracer Tissue Distribution Study of 3H・Thymidine

and 18F-FDG in Experimental Inflammatory Tissue 

Yamada S., Kubota K., Kubota R., Tamahashi N. *, and Ido T. ** 

Introduction 

Department of Nuclear Medicine and Radiology, 
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Clustercore Institute of Biologyホ

Cyclotron and Radioisotope Center, Tohoku University** 

We have reported that high accumulation of 18F-FDG was observed in the inner side 

of abscess wall consisting of inflammatory cells of neutrophils and macrophages, endothelial 

cells-of young vessels and young fibroblasts0. It is thought制咋－FOGis utili叫 as

energy source for the chemotaxis and phagocytosis of inflammatory cells and the proliferation 

of endothelial cells and fibroblasts. On the other hand, 3H-thymidine is an indicator of 

proliferation. In this study, we examined the distribution of 3H-thymidine <3H-=Thd) in the 

inflammatory tissue com開ring~ith 18F°-FDG by double圃 tracertissue distribution study. 

Materials and Methods 

Male Oonryu ra臼 weighingabout 100 g were used. To produce experimen旬l

inflammatory tissue, the ra臼weresubcutaneously inoculated with 0.2 ml of制中entineoil in 

白eleft groin. Each rat was ir抑 制witha mixture of 740 kBq (20 μCi) of 18F-FDG and 37 

kBq ( 1 μCi) of 3H-Thd through血e凶Ivein at 1, 2, 4, 7, and 14 days postinoculation (n=5, 

each). Another five m包 withoutinoculation were used as controls. Animals were analyzed 1 

hour after i吋ectionof 18F-FD9 and tissue samples were excised and weighed. The lヤ
radioactivity of the sample was counted immediately with a well-type Nal(TI) autogamma 

counter, and the 3H radioactivity with liquid-scintillation counter a week later. Data were 

expressed as differential uptake ratio (DUR). 

Results and Discussion 

Table 1 summarizes由e,time-course of 18F-FDG and 3H-Thd up包kesin various tissue 

of rats in double-tracer tissue distribution. In blood, heart, liver and muscle，出.erewere no 
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significant changes in 18F-FDG and 3H-Thd uptakes during this experimen句lperiod. In 

inflammatory tissue, however, significant changes were observed in both uptakes. 18F-FDG 

uptake increased progressively to a peak on day 4 after inoculation and出endecreased. 3H-

Thdup阻keincreased after inoculation. The uptakes after inoculation during day 1 to day 14 

were almost constant and about twice times gr1倒防thanthat in control. 

Inflammatory tissue produced by tu中entineoil shows “abscess”formation2>. In this 

abscess wall, many inflammatory cells accumulate, and young endothelial cells of vessels and 

fibroblasts are observed. The result that higher uptake of 3H-Thd after inoculation may reflect 

白eproliferation of endothelial cells and fibroblasts for tissue repair. 
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可－FDG 3 Table 1. Time-course of and H-Thd uptakes in double-tracer tissue distribution. 

Control Day 1 Day2 Day4 Day7 Day 14 

Blood 18F-FDG 0.24±0.05 0.25±0.QJ 0.22±0.06 0.24±0.04 0.26±0.06 0.17±0.03 

3H-Thd 0.57±0.08 o.ss±o.os 0.54±0.11 0.54±0.07 0.52±0.11 0.53±0.06 

Heart IBF，・FDG 5.09±0.48 4.70±0.86 5.31±1.22 5.43±1.43 6.68± 1.12 4.81 ±0.68 

3H-Thd 0.81 ±0.08 0.76±0.06 0.78土0.12 0.72±0.21 0.82±0.16 0.67±0.17 

Liver tsF.・FDG 0.25±0.06 0.28±0.03 0.25±0.05 0.28±0.04 0.31 ±0.05 0.21士0.03

3H-Thd 3.56±0.63 3.61±1.10 3.44± 1.15 3.65±0.16 3.52± 1.48 2.91 ±0.10 

Muscle 18F-FDG 0.59±0.15 0.53±0.17 0.52±0.16 0.57±0.18 0.55士0.13 0.60±0.10 

3H・Thd 0.64±0.06 0.52±0.22 0.57±0.20 0.67±0.16 0.63 ±0.21 0.66±0.10 

Inflammation 18F-FDG 0.41 ±0.06 1.13 ±0.26 1.26±0.29 1.78±0.32 1.18土0.18 0.57±0.19 

3H・Thd 0.47±0.01 0.72土0.22 0.89±0.10 0.84±0.03 0.74±0.26 0.81 ±0.39 

Values are Mean± SD (Di町erentialUptake Ratio) using 5 rats. 
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III. 7. Mastoparan Induces Phosphatidylcholine Hydrolysis by 
Phospholipase D Activation in Human Astrocytoma Cells 

Mizuno K .. Nakahata N., and Ohizumi Y 

Department of Pharmaceutical Molecular Biology, 
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Introduction 

Mぉtoparanis a versatile tetradecapeptide purified from wasp venom 1) which 
3 4) 

stimulates phospholipase A22) , phosphoinositide-specific phospholipase C ＇ヘ Mastoparan

also acts as a s町ongsecretagogue in many cell lines and tissues including mast cells1'3＞釦d
5) . 3) . 6) 

plateleお. In some of these cell Imes and in other cell Imes , mastop訂 aninduces 

phosphatidylinositol turnover and increases an intracellular free calcium ion concentration. It 

is well known that mastoparan: mimics hormone receptor activity and stimulates the guanine 
7・9)

nucleotide exchange reaction of the αーsubunitof heterotrimeric G protein G/G。family
Phosphatidylcholine (PC) is出eprincipal phospholipid in mammalian tiss~e. Besides 

its role as a structural component of cellular membranes, the metabolism of PC generates 

second messengers for signal tyinsduction in response to extracellul訂 stimuli10>. Hydrolysis 

of PC by phosphatidylcholine~specific-phospholipase C (PC-PLC) produces diacylglycerol 

(DG) and phosphocholine, while hydrolysis of PC by phospholipase D (PLD) produces 

phosphatidic acid (PA) and choline. DG is known as an activator of PKC11) and PA 
12) 

potentially serves as a mediator for a number of cellular functions . The observed 

fusiogenic ability of PA is consistent with the suggestion that PLD is involved in secretory 
10) 

responses . The products of PC hydrolysis by either PC-PLC or PLD can be 

interconverted through the actions of DG kinase叩 dphosphatidate phosphohydrolase. Thus, 

PA also can be a precursor for production of DG. 

Activation of PLD by hormones and other extracellular stimuli has been shown in a 
13) 14) . 15) -I 

variety of intact cells. It has been reported that calcium ions , PKC , G protems d 
16) 

tyrosine phospho:ηlation regulate PC hydrolysis by PLD. However, the mechanisms for 

regulation of PLD activity remain unknown. 

In the present study, we examined the effect of mastop訂釦 onPC hydrolysis in 

1321Nl humanぉtrocytomacells. The results obtained suggest that mastop紅・anis如

activator of PLD. 
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Materials and Methods 

MEfARIALS 

Mastoparan was obtained from Peptide Institute Inc. (Osaka, Japan). Pertussis toxin 

(PT), DO and PA were from Funakoshi Inc. (Tokyo, Japan). [3H]Palmitic acid was from 

Amersham Japan (Tokyo, Japan). Fetal bovine serum was from Bioserum (Victoria, 

Australia). C3 ADP-ribosyltransferase was a gift from Prof. S. Narumiya, Department of 

Pharmacology, Kyoto University Faculty of Medicine, Japan. Phosphatidylbutanol (PBut) 

was produced from soyb伺 nPC using crude cabbage PLD by the method of Yang et al 17>. 

CELL CALTURE 

1321Nl human astrocytoma cells were grown in Dulbecco『smodified Eagle’s 

medium with 5% fe凶 bovineserum, 50 U mI-1 of penicillin and 50 μg ml-1 streptomycin at 

37℃ in an atmosphere of 5% COi in air. For experiments, the cells were seeded at a density 

of 10s cells/well in a 12・wellculture plate and were used after culturing for 3-4 days. 

h伍ASURE恥伍NTSOF PLD ACTIVITY IN INTACT CELLS 

To determine恥 PLDactivity in intact cells, the cellular phospholipid pool was 

labeled by incubating cells in growth medium containing 10 μCi mI-1 [3H]palmitic acid at 

37℃ for 18・22h in an atmosphere of 5% C(h in泊r. To examine the effects of ADP-

ribosylation ca旬lyzedby PT or C3 ADP-ribosyltransferase, 200 ng mI-1 of Pf or 1 μg mI-1 

C3 ADP-ribosyltransferase were included in the medium during the labeling. After washed 

three times with Eagle's minimal essential medium containing 10 mM  HEPES (pH 7.35), the 

prelabeled cells were preincubated at 37。cfor 10 min in Eagle's Minimal Essential medium 

containing 10 mM  HEPES (pH 7.35) in the presence or absence of 2% n-butanol. Then, the 

r伺 gentswere added to the medium, and the reactions were terminated by addition of lml of 

methanol/lN HCl=lO/l. Lipids were extracted by the method of Bligh and Dyer18>. 

Authentic PBut, PA and DG as standards were added to each sample. The extrac低dlipids 

were separated on LK5D silica gel (Whatman Inc.) with the organic layer of ethyl acetate/is。
octane/water/acetic acid=l 115/10/2 and then detected with iodine vapor. DO was separated 

with hexane/ether/ethyl acetate=25/75/ 1. Spots corresponding to PBut, PA and DO were 

scraped off and their radioactivities were qu如 tifiedby liquid scintillation counting. 

Resuls 

To determine whether mastopar，組 hydrolyzesPC by activation of PC-PLC or PLD, 

the effect of mastoparan on PC hydrolysis was examined in the presence of 2% n-butanol. In 

rHJpalmitic acid prelabeled cells, mastop訂如 stimulatedtransphosphatidylぽionreaction and 

induced [3H]PBut accumulation. The accumulation of [3H]PBut induced by mastop訂anwas 
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concentration-and time-dependent fぉhion(Figure 1). rH]PBut accumulation was 

detectable at 5 μ M rnastop訂anand reached a maximum剖 30μM masto開ran. [3H]PBut 

accumulation induced by 30μM m制 oparanwぉ reachedplateau within 15min (Figure 1). 

From these results, mastop紅白lactivates PLD resulting in PC hydrolysis. 

Furthermore, the effect of the phosphatidiate phosphohydrolase inhibitor, 

propranolol, on accumulation of [3H]DG and [3H]PA induced by mastopar加 wasexamined. 

Propranolol concen回tion-de~ndently reduαd mastoparan-induced rH]DG accum凶ation

and increased the [3H]PA level (Figure 2). These results also suggest that mastop副加

activates PLO. 

Because of the ability of mastoparan to activate G proteins, we examined the 

mぉtoparan-induced PLO activation in白ecells pretreated with Pr or C3 ADP-

ri bosyl transferase. As shown in Table 1, mastopar加 1・inducedPLO activation was not 

inhibited by the cells pretreated with Pr or C3 ADP-ribosyltransferase. From these results, it 

seems that mastoparan activates PLO neither via the heterotrimeric G protein Gi/Go family 

nor by the small molecular weight G protein rho/rac family. 

Discussion 

This is the first report to demonstrate that m邸 top訂組 isa strong activator of PLO 

resulting in PC hydrolysis. It has been reported血atthe vesicle fusion requires an activation 

of PLD, which generates PA from PC. The action of PLO can poもentiallyalter. the surf ace 

milieu of membranes by producting negatively charged phospholipids from neutI百IPC. It is 

very interesting白紙mastoparan,which is a strong secretagogue, can activate PLO. Al由ough

it has been thought that mastoparan induces histamine releぉefrom mast cells by activating of 

phosphoinositide-specific phospholipase C mediated via Pr sensitive G protein, resulting in 

an accumulation of inositol 1,4,5-trisphosphate and intracellular calcium mobilization, 

mas top訂anstimulates exocytosis m a calcium independent manner in some cases. 

Mastoparan induced serotonin 1 release from intact human platele胞 withoutan elevation of 

intracellular free calcium ion concentration3>. It has been substantiated that the stimulatory 

effects of m制 oparanshow to be media凶 viaG protein activation because of由ei凶ibitiory

action of Pr on mastoparan「inducedcellular functions. However, it is reported that 

mastoparan-stimula也dexocytosis is not i凶ibitedby pretreatment of the cells with Pr in 
19) 

some cell lines including the RINm5F P-cell line . It is a possible白atmasto伊ran

stimulates cell function by activating of PLO in some of these cases. 

It has been reported th瓜 m制 oparanincreases GTPase activity and [35S] GTPyS 
7,8) 

binding of Gi/Go in phospholipid vesicles . It has been also reported由atmぉto伊ran

inhibits the ADP-ribosylation df 20kDa human platelet membrane proteins ca凶yzedby C3 
20) 

ADP-ribosyltransferase . This result sugges脂血atmぉtop訂組 interactsnot only with the 

he胞rotrimericG protein Gi/Go family but also with the small molecular weight G protein 
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rho/rac f担nily.On the other hand, there is much evidence thatPLD activity is regula飽dbyG 

pro低ins15),and that ADP-ribosylation ca凶yzedby Pf inhibits agonist-induced P印
21) 

activation in neutrophils . It has been also reported that PιD is activated by a membrane-

おsociatedrho family small molecular weight G protein because of inhibition of GTPyS-

stimulated PLD activity by rho GDP dissociation inhibitor and stimulation of GTPyS-

stimulated PLD activity by small molecular weight G protein GDP dissociation stimulator in 
22) 

eu町ophils . However, in 1321Nl human as甘ocytomacells pretreated with Pf or C3 

ADP-ribosyltransferase mastopar，組 retainedthe ability to stimulate PLD activity. These 

results suggest that mastop訂如 stimulatesPLO by a mechanism not mediated via G protein 

activation, such as Gi and Rho. 
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Table 1. The Relation of G Protein to M制 oparan-inducedPLD Activation. 

Phosphatidylbutanol ( dpm/well) 

PT-treatment 
＋ 

12769.89 ± 607.25 

31232.48 ±1282.67 

12646.54 ± 939.39 

39767.89 ±1107.09 n
－
 

a
－
 

o
a
一

川
町

o

g
一

c
a
一

M
一 C3・treatment

＋ 

control 
Mastoparan 

2274.15 ± 508.03 
10953.63 ± 292.46 

218.27 

851.28 

2257.68土

10793.35± 

For ADP-ribosylation experiments, 1321Nl hum佃 as甘ocytomacells were treated with or without 200 ng 
mI・I PT or 1 μg m1-1 C3 during prelabeling wi血 [3H]palmiticacid，血enincubated wi血 2%butanol and 30 
μM m錨抑制nat 37℃ for 10 min. After the reaction was terminated, [3H]PBut was det1町mined. Dai旬

represent也eme組土 s.e.me組 ofthree independent experiments. 
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1321Nl human astfc?cytoma cells prelabeled with [3H]palmitic acids were incubated with 2% butanol削除

indicated concentrations of mastoparan剖 37℃ for10 min (a) or incubated wi也 2%butanol組 d30μM 
mastoparan <•> or vehicle (0) at 37℃ for the indicated time (b）・ Afterthe reaction was terminated, 
de包：rmined,[3H]Pbut was det1百minedData represent由eme組± s.e.me組 of曲reeindependent experiments. 

[Mastopara~］ （州）

Fig. 1. Effect of mastoparan on [3H]PBut accumulation in 1321Nl human astrocytoma cells. 
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s.e.mean of three independent experiments. 

Fig. 2. Effect of propranolol on accumulation of [3H]DG and [3H]PA induced by mastopar1組 in1321Nl 
human astrocytoma cells. 
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αnd Ohizumi Y. 
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Introduction 

Ca2+ release from the sarcoplasmic reticulum (SR) plays a key role in excitation-

contraction coupling (EC-coupling) in skeletal musclel .2). It is well known出atryanodine, a 

plant alkaloid, promotes Ca2+ release from skeletal and cardiac SR and interferes with the 

inactivation of ea2＋ーinducedCa2+ release (CICR) from SR3>. The alkaloid binds with high 

affinity to a receptor localized in the heavy fraction of SR (HSR)4>. The purified ryanodine 

receptor5,6) is identical in mo~hology with the ”feet”structures to span the transverse tubule-
SR junction and form caffeine-sensitive Ca2+ channels. It has been陀 portedthat ryanodine 

loc~写 the Ca2+ release channels of SR in an open state and that its high affinity binding site is 

localized in terminal cistemae of SR4>. These studies revealed that the ryanodine receptor is 

identical with CICR channels of SR7>. One of the useful approaches to achieve a be民.er

understanding of the molecular mechanism of Ca2+ release is the application of specific drugs 

出ataffect the releasing mechanisms. 

It has been reported that caffeine increases the Ca2+ sensitivity of CICR channels and 

the open probability of the channels at saturating Ca2+ concentrations. Numerous studies 

using skinned skeletal muscle fibres and isolated SR membrane preparations have revealed 

the presence of a caffeine-sensitive Ca2+ releぉepathway through Cl CR channels. However, 

出echaracterization of the caffeine re切 ptorsite in Ca2+ release channels hぉ notbeen possible 

because of its low affinity and the detailed molecular mechanism of Ca2+ releぉefrom SR 

remains unresolved. 

We have reported that bromoeudistomin D (BED}, a derivative of eudistomin D 

isolated from the Caribbean tunicate Eudistoma olivaceum, induces Ca2+ release from HSR. 

Our pharmacological studies indicate that BED is approximately 500 times more potent than 

caffeine in ea2+ releasing activity. For the puゅoseof finding the inhibitor in order to 

investigate血efunction of CI CR channels, numerous analogues of BED were synthesized. 
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Materials and Methods 

HSR W鎚 preparedfrom skeletal muscle of male rabbits鎚陀portedpreviouslyS>. In 

order to estimate the Ca2+ releasing activity，出econcentration of extravesicular Ca2+ in the 

HSR suspension was measured at 30。cwith a Ca2+ electrode as d回cribedpreviously9). 

45Ca2+ release from HSR passively preloaded with 45Ca2+ was measured at 0°C according to 

血emethod of Nakamura et atIO>. [3H]MBED and [3H]ryanodine binding experiments we陀

performed by the method of Seino et at9>. 

Results and Discussion 

In the course of our survey of inhibitors of Ca2＋ーinducedCa2+ rele凶 e(CICR) in 

natural products and their derivatives, we have been succeeded in finding 4,6-Dibromo-3 

hydroxycarbazole (DBHC) as a CICR inhibitors. The pharmacological properties of DBHC 

were examined. In Ca2+ electrode experiments, DBHC ( 1 Q-4 M) markedly inhibited Ca2+ 

release from the heavy fraction of sarcoplasmic reticulum (HSR) induced by caffeine (1 mM) 

and BED (10・5M). DBHC (1ひ4M) abolished 45Ca2+ release induced by caffeine ( 1 mM) 

and BED ( 1 Q-5恥1)in HSR. These results indicate DBHC to be a CICR inhibitors. As 

shown in Fig. lb-Id, inhibitory effects of CICR blockers such as procaine, ruthenium red 

and Mg2+ on 45Ca2+ release were clearly observed at Ca2+ concentrations from pCa 7 to pCa 

5.5, and were decreased at Ca2+ concentrations higher than pCa 5.5 or lower than pCa 7. 

However, DBHC decr1伺 sed45Ca2+ release induced by Ca2+ over the wide range of 

extravesicular Ca2+ concentrations (Fig. la). These results indicate that the inhibitory effects 

of procaine, ruthenium red and Mg2+ but not DBHC are suppressed at high Ca2+ 

concentrations and that DBHC is a novel type of CI CR inhibitors having unique 

ph訂macologicalproperties. [3H]Ryanodine binding to HSR was suppressed by ruthenium 

red, Mg2+ and procaine, but was not affected by DBHC up to I0-4 M. [3H]Ryanodine 

binding to HSR was enhanced by caffeine and BED. DBHC叩 tagonizedthe enhancement in 

a concentration-dependent manner. 9・[3H]Methyl-7-bromかeudistominD, a [3同ーlabeled

analogue of BED, specifically bound to HSR. Both DBHC and caffeine increased the Kd 

value without affecting the Bmax value, indicating a competitive mode of inhibition (Fig. 2). 

These results suggest that DBHC binds to the caffeine binding site to block Ca2+ release from 

HSR. This drug is a novel勺φeof inhibitor for the CICR channels in SR and may provide a 

useful tool for clarifying the Ca2＋問leasingmechanisms in SR. 
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Fig. 1. Inhibitory effects of CICR inhibitors on 45Ca2+ release at various Ca2+ concen佐・ations.45Ca2+ rel伺 se
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Introduction 

Mobilization of intracellular Ca2+ has been shown to be involved in such diverse 

cellular processes as surface receptor activation and fertilization. In skeletal muscle Ca2+ 

release from sarcoplasmic reticulum (SR) plays a important role in excitation-contraction 

couplingO. Although caffeine: has been used extensivelyぉ ainducer of Ca2+ release from 

SR, the direct binding studies for the identification or characterization of the caffeine receptor 

site have not been possible because of its low affinity. Furthermore, caffeine hぉ multiple

other effects such as inhibition of phosphodiesterase activity and activation of adenosine 

receptors. These problems m~e the use of caffeine problematical. We have reported that 

bromoeudistomin D (BED), a derivative of eudistomin D isolated from the Caribbean tunicate 

Eudistoma Olivaceum, induces Ca2+ releぉefrom heavy fraction of SR (HSR). From the 

results of computer graphics, it was found that there were structural similarities between 

BED, 9・metyl-7・bromoeudistominD (MEED) and caffeine. Our ph訂macologicalstudies 

indicate that BED and加ffiEDare approximately 500 and 1000 times more potent than caffeine 

in the Ca2+-releasing activity without other ph紅 macologicalaction. We also reported出at3H-

labeled MBED shares the same binding site on Ca2+ releぉechannels with caffeine. The 

present report deals with the opening mechanism of the ryanodine receptor/Ca2+ release 

channels investigated using the eudistomin analogues. Our results suggest that these 

compounds modify the function of Ca2＋ーinducedCa2+ release channels. 

Materials and Methods 

Bromoeudistomin D (BED), 9・methyl-7-bromoeudistominD （恥IBED) and its 

analogues （日g.I) we陀 synthesizedお陀portedprevio凶 ly2>. The heavy fraction of 

sarcoplasmic reticulum (HSR) was prep訂・edfrom skeletal muscle of male rabbits according to 

血emethod of Kim et al3). The 45Ca2+ release from passively preloaded-HSR was measured 

at 0・4°Caccording to the method of Nakamura et al4>. [3H]Ryanodine binding to HSR was 
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measured according to the method of Seino, et al5>. All other chemicals were of reagent 

grade. 

Results and Discussion 

Bromoeudistomin D or 9・methyl-7-bromoeudistominD which have a (3-carboline 

skeleton are powerful Ca2+ releasers from skeletal muscle sarcoplasmic reticulum exhibiting 

caffeine-like properties. We examined the effects of bromoeudistomin D analogues (Fig. 1) 

on Ca2+-induced Ca2+ release from skeletal muscle sarcoplasmic reticulum. Table 1 shows 

the effects of BED and its analogues (A[l]-A[l9]) on 45Ca2+ release. Among 

bromoeudistomin D analogues, the Ca2+-releasing activities of carboline derivatives (A[5]-

A[9] and A[l勾－A[19])we陀 higherthan those of carbazole derivatives (A[l]-A[4], A[lO] and 

A[ll]), suggesting that carboline skeleton is significantly important for the exhibiting the 

Ca2+-releasing activity and Ca2+ sensitivity of Ca2＋ーinducedCa2+ release. On the contrary, 

the analogues having carbazole skeleton and bromine at C-6 (A[4] and A[lO]) inhibit both 

Ca2+_ and caffeine-induced Ca2+ release. 9-Methyl-substitution of the analogue (A[l l]) 

elevated its Ca2＋・rel伺 singactivity. The binding of [3H]ryanodine to the Ca2＋・releasing

channels is enhanced by compunds which activate the channels and inhibited by other agents 

which reduce channels activity. Therefore, rH]ryanodine can be used as a probe for 

studying the functional state of the Ca2+ release channels. [3H]Ryanodine biding wぉ

markedly potentiated by BED and A［勾 which訂epowerful Ca2+ releasers, and left almost 

unchanged by analogues which effect Ca2+ release only slightly. Therefore, there are close 

correlation between the enhancement of [3 H]ryanodine binding to sarcoplasmic reticulum by 

the analogues and the activation of Ca2+ release by them. Bromoeudistomin D analogues may 

provide valuable information about the structure-function relationship of the q叩 odine

receptor/Ca2+ release channels in skeletal muscle sa陀 oplasmicreticulum. 
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Table 1. 凶 ectsof bromoeudisto~n D 組 alogu偲 on45Ca1+ releasing activity. The amount of released 
45Ca1+ was calculated from the decrease in 45Ca2+ content in也eheavy fraction of sarcoplasmic reticulum 

vesicles in a period of 1 min after dilution. E.ach value was obtained by subtracting血eamount of released 
45Ca2+ in the absence of test compound from也atin its pr，回ence. ’Theactivities are presented as values 

relative to the control value. 

Change in 45ea2+ -releぉingactivity (%)a 
compounds concentration pCa 7 pCa6 

• μM 

bromoeudistomin D 10 +150念10 +20土 6
A(l] 100 +65 ± 3 +9土 2
A(2] 100 +60±4 +9土 3
A[3] 100 +30±1 +4土 2
A[4] 100 ・30土 5 ・88土 5
A[5] 100 +138主 6 +9 ±3 
A(6] 100 +62±7 +O玄 5
A(7] 100 +66 ± 3 +O之 3
A[8] 100 +30 ± 3 +4玄 7
A[9] 100 +120主 7 +5ま4
A[lO] 100 ・35会 4 ・68± 3 
A(U] 100 +27土 5 +40主 2
A(12] 100 +96 ±2 +34±1 
A[13] 100 +69 ±11 +30主 1
A(14] 100 +5主 9 ・40± 4 
A[15] 100 +27玄 3 +21主 2
A[18] 100 +64 ± 6 +32 ± 0 
A[19] 100 +27±3 +25 ± 2 
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III. 10. The Properties of Specific Binding Site of 12s1圃

Radioiodinated Myotoxin a, a Novel Ca++ Releasing, agent in 
Skeletal Muscle Sarcoplasmic Reticulum 

Ohkura M., Furukawa K.・I.,Oikawa K. and Ohizumi Y. 

Department of Pharmaceutical Molecular Biology, FaculかofPharmaceutical Sciences, 
Tohoku University 

Introduction 

Myotoxin a (MY1χ） isolated from prairie rattlesnakes ( Crotalus viridis viridis) is a 

muscle-damaging polypeptide白atis composed of 42 amino-acid residues including 3 

disulfide bondsl). The electron-microscopic study has revealed血atMYTX causes muscle 

degeneration and disturbance of the sarcoplasmic reticulum (SR) functions and muscle 

filaments2). Recently, we found that MY1文 strongly.induced Ca++ release from skeletal 

muscle SR with the ECso value of 0.5 μM. The properties of MYTX-induced ea++ release 

were different from those induced by the other Ca++-releasing agen包 suchas caffeine, 

MBED, a powerful caffeine-like Ca++ releaser, and adenosine 5’ー（fl,y-methylene）凶phosphate

(AMP-PCP)3>. 

In order to characterize the molecular mechanism of action of恥1YTX,we prepared 

125J・labeledMY1叉（125J・MYTX),and studied its binding to the h伺 vyfraction of fragmented 

SR (HSR), in which the ryanodine陀ceptoris enriched abundantly. Our results indica記d出at

MYτχinduced Ca++ release by binding to a specific site which is distinct from the ry組 odine

receptor. MY1文 maybe useful as a biochemical probe not only for clarifying出ereg叫atory

mechanism of physiological Ca++ release but also for purifying a novel type of Ca++ release 

channels or their regulatory proteins. 

Materials and Methods 

MATERIALS 

HSR wぉ prep訂 ・edfrom rabbit skeletal muscle by the method of Kim et al.4>. The 

ryanodine receptor was purified from skeletal muscle by the method of Shoshan-Barma包 and

Zar凶＞. MBED m 馴 hesizedby the method described previouslyli.7). Chemicals used 

were obtained from following sources; crude venom of prairie rattlesnakes (Crotalus viridis 

viridis) from Sigma; ryanodine from S.B. Penick Company; 45CaC}z (25.9 Bq/pmol), 3H-
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ηanodine (2.22 kBq/pmol) and Nal25J (95.3 kBq/pmol) from Du-Pont New England 

Nuclear; All other chemicals were of reagent grade. 

恥IBfHODS

MY立（Fig.1) was purifiedぉ describedpreviously2>. 1251-Labeling of MYTX was 

performed by the chloramine T,method. 12s1・MYlχbindingwas measured by白emethod of 

Penef skyS) with a slight modification. 3H-Ryanodine binding was measured as described 

previously?>. The extravesicular Ca++ concentration was monitored with a Ca++ electrode 

prepared by the method of Nak~ura et aI.9>. 45Ca++ release from HSR passively preloaded 

with 45Ca++ was measured at 0°C as described previously9) with a slight modification. 

Results and Discussion 

It was found that MYl叉 isa powerful Ca++ releaser in the HSR. 1251-MYTX with 

high Ca++-releasing ability wasisuccessfully prepared. It specifically. bound to a single class 

of binding sites in HSR with a Kn of 0.4 μMand Bmax of 6 nmol/mg protein (Fig. l). 1251・

恥1YTXbinding was markedly inhibited by Na+ and K+, whereas that was Ii住leaffected by 

Ca++ and Mg++. The binding!activity wぉ markedlydecreased by spermine, a blocker of 

Ca++ release channels, and was not affec怯dby the other modulators of Ca++ release such鎚

caffeine, proc司neor ruthenium red (Table 1). Spermine decreased the binding in a 

concentration-dependent manner with the ICso value of 20 μM. Scatchard analysis of 125J_ 

MYTX binding indica低d血atthe Bmax value was decreased by spermine, while the Kn value 

was not changed, indicating a noncompetitive mode of inhibition. 125J・MYl文 didnot bind 

to白epurified ryanodine receptor. Ca++ elec町・odeexperiments indicated that MY1χinduced 

Ca++ release from HSR at 0.1仲Mor more, which was abolished by spermine. The maximal 

response to MY1叉（10μM) was further increased by caffeine (10 μM) in 45Ca++ release, 

probably indicating that the effects of MYTX and caffeine訂 esynergistic in Ca＋＋・releasing

action (Fig. 2). These results suggest that MY1叉bindsto an important regulatory protein of 

ea++ release which is not the ηanodine receptor. 

References 

1) Fox J. W. et al .• Biochemistry 18 (1979) 678. 
2) Cameron D. L. and Tu A. T .. Biochemis位y224 (197η89. 
3) Funayama K. et al .• Jpn. J. Phannacol. 58 (1992) suppl. I, 208P. 
4) Kim D. H. et al., J. Biol. Chem. 258 (1983) 9662. 
5) Shoshan-Bannatz V. and Zarka A .• Biochem. J. 285 (1992) 61. 
6) Kobayashi J. et al., J. Phann. Phannacol. 40 (1988) 62. 
7) Seino A. et al., J. Pharm~col. Exp.’lber. 256 (1991) 861. 
8) Penefsky H. S., MethodsiEnzymol. 56 (1タ79)527. 
9) NakamuraY.etal.,J.Biol.Chem. 261 (1986)4139. 

116 



Table 1. Effects of various modulators of Ca++ rel伺 seon 1251-MYlχbinding to HSR. HSR vesicles (50 

μg/ml) were incubated wi血 12s1・恥1Y1χ（0.3μM) at 0° C for 60 min in the presence or absence (con住ol)of 

various modulators. Values, expressed as p町centsof control.訂emeans企 S.E.M. (n = 3). Significantly 

different from control: ** (pく .01).

E由g 3 

00 

Modulators 

Control 
Caffeine (2 mM) 
MBED (10 μ.M) 
AMP-PCP (100 μ.M) 
Inositol (1,4,S)trlsphosphate (1 O μ.M) 
Procaine (1 O mM) 
Ruthenium red (1 μ.M) 
Spermlne (100 μM) 
Dantrolene (1 O μ.M) 

A 

0.2 0.4 0.6 0.8 1.2 

1251・MYTXBound 

%。fControl 

100.0 ± 2.63 
93.5 ± 10.10 
106.5土1.36
100.1 ± 6.22 
104.1±2.80 
113.4 ± 5.93 
96.2 ± 2.66 
31.0 :!: 3.78・
98.8 :!: 3.22 
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Fig. 1. Saturation (A）組dScatchard (B) plots of 12s1・MYTXbinding to HSR. HSR (50 μg/ml) was 

incubated with 1251-MYTX at various concentrations at 0°C for 60 min. Values are means with S.E.M. (n＝ヨ）．

30 
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Fig. 2. Interrelations between the Ca++.releasing activities of MYTX and caffeine in 45Ca++ release 

experiments on HSR. The 4sca++ content of HSR was me泊町eelat 0° C by the filtration method. Values are 

me組 swi血S.E.M.(n = 3). Control (0 ）~ MYTX (10 μM) (1・） ; caffeine ( 10 mM) （.企）；恥町τχ(10凶の
plus caffeine (10 mM) （・）．
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III. 11. Effect of Aging in Bindings of Second Messengers 
in the Rat Brain 

Araki T., Kato H., Nagasawa H.,Fujiwara T*. and Yasuto ltoyama. 

Department of Neurology, Tohoku University School of Medicine 

Division of Cyclotron Nuclear Medicine, Cyclotron and Radioisotope Center, Tohoku Universiη＊ 

It is generally accep飽dthat neurotransmitters play an important role in neuronal 

function and neurotransmission in the central nervous system (CNS). The process of aging 

can be characterized by a gr1伺 tnumber of physiological and biochemical modifications such 

as neuronal degeneration and alterations in neurotransmitter receptors. Several lines of 

evidence demonstrate that 出e宇野－relateddecline in cognitive functions such as memory and 

learning is closely linked to dysfunction of various neurotransmitter systemsl・5). Therefore, 

the effect of aging on neurotransmitter systems is of great interest in regards to the specificity 

of age－陀latedneuronal dysfunction and decline in cogr山ivefunction. 

Many receptors for neurotransmitters in the CNS are well known to be coupled to the 

intracellular second messenger systems, the adenylate cyclase and phosphoinositide cycle 

systems. The two second messenger systems play a crucial role in mediating the actions of 

various neurotransmitters in the brain6-8). Recent studies suggested that a decr，伺sein protein 

kinase C (PKC) activity in the phosphoinositide cycle system was found in the cortex and 

hippocampus of aged rats9, 10) and was closely associated with the impairment of spatial 

learning in the hippocampus9). On the other hand, Worley et al 11). demonstrated that a 

reduction in adenylate cyclase activity was seen in the striatum and substantia nigra of aged 

rats. These observations are great interest in reg訂dto any age-related decline in cognitive 

function. However, the role of second messenger alterations in aging processes is not fully 

understood. In the present study, therefore, we focused on major second messengers and 

analyzed the regional age-related changes of these bindings in the rat brain, using in vitro 

陀ceptorautoradiography. For this pu中ose,[3H]PDBu and [3H]forskolin were used to label 

to protein kinase C (PKC) and adenyl剖ecyclase, respectively. 

Materials and Methods 

Experimental animals: Male Fischer 344 rats, 3 weeks and 6, 12, 18 and 24 months 

of age, were used throughout the experiments. Animals were killed by decapitation: then 

brains were removed quickly, frozen in powdered dry ice, and stored at -80°C until assay. 
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Sagittal sections 12 mm in thickness were cut on a cryostat and thaw-mounted onto gelatin-

coa凶 coverslides. Adjacent sections stained with Cresyl violet were examined with a light 

microscope. 

Receptor autoradiography 

PHJPDBu binding 

Autoradiographic localization of PDBu binding in the brain was performed as 

described previouslyl2,13). Brain sections we陀 incubatedwith 2.5品ifPHJPDBu (New 

England Nuclear, spec. act. 20.7 Ci/mmol) in 50 mM Tris-HCI buff er (pH 7.7) containing 

100 mM NaCl and 1 mM l、1aClfor 60 min at 25°C. Following incubation, the sections were 

washed twice at 4°C for 2 min in the buff er and briefly rinsed in distilled water at 4°C. Non-

specific binding was determined using 1 μM PDBu (Sigma). 

PH]Forskolin binding 

Autoradiographic distribution of forskolin binding was performed as described 

previouslyl4,I5). Brain sections we陀 incubatedwith 10 nM PHJforskolin (New England 

Nuclear, spec. act. 33.0 Ci/mmol) in 50 mMTris-HCl buffer containing 100 mM NaCl and 5 

mM MgC12 for 10 min at 25°C. Following incubation, the sections were washed twice for 2 

min at 4°C in the buffer. Non-specific binding was determined using 10 μM forskolin 

(Sigma). 

All procedures were performed under subdued lighting. The sections were dried 

under a cold air stre担nand apposed to Hyperfilm-3H (Amersham) for 7 days (PDBu binding) 

and 4 weeks (forskolin binding) in X-ray cぉsetteswith a set of tritium standards. The 

optical density of the brain regions was measured by a computer－ぉsistedimage analyzer as 

described previouslyl4,I5). The relationship between optical density and radioactivity was 

obtained with reference to 3H-microscales co・exposedwith the tissue sections using a third-

order polynomial function. Anatomical s汀uctureswere verified by examination of Cresyl 

violet-stained sections. Binding assays were perlormed in duplicate. Values were expressed 

as mぬ n± S.E. Statistical comparisons were determined using the ANOVA following by 

Dunnett’s multiple comparison test. Each group contained five to seven animals. 

Results 

Regional age－陀latedalterations of PHJPDBu and PH]forskolin bindings are 

summarized in Tables 1 and 2. 

PH]PDBu binding 

Regional distribution of [3H]PDBu binding throughout the brain was relatively 

heterogeneous. In adult m臼（6-month-old),the highest density of [3H]PDBu binding was 

119 



noted in the molecular layer of cerebellum, hippocampus and neocortex. The striatum, 

nucleus accumbens, substantia nigra and thalamus also exhibi胞drelatively high [3H]PDBu 

binding. Other regions such as hypothalamus, midbrain and brain stem had a low grain 

density of [3H]PDBu binding. In immature m也（3・week-old），出ecerebellum showed a 

significant decrease in [3H]PqBu binding as com附 dto that in adult animals. However, 

other regions exhibited no significant change in [3H]PDBu binding. In contrast, 

no significant changes of [3H]PDBu binding was observed in all brain訂・easin 12-, 18・and

24-months-old rats，部 comparedwith 6・month-oldra臼．

[3H]Forskolin binding 

Autoradiographic localization of [3H]forskolin binding in the rat brain was strikingly 

heterogeneous. In adult animals, the highest binding was noted in the striatum and nucleus 

accumbens followed by the hilus of the dentate gyrus, the molecular layer of the cerebellum, 

the hippocampal CA3 pyramidal layer and substantia nigra. Other regions showed relatively 

low [3H]forskolin binding. In immature rats, a significant increase in [3H]forskolin binding 

was observed in the neocortex:, nucleus accumbens, thalamus and substantia nigra. Other 

regions revealed no significant changes in [3H]forskolin binding. On the other hand, 

[3H]forskolin binding was not significantly changed in the rat brain of 12-month-old rats. 

However, [3H]forskolin bindiqg in various brain陀 gionsshowed a significant decline in 18-

month-old rats. The age-related reduction was noted in the neocortex, hip戸側n凶 CA3

pyramidal cell layer, dentate gyrus, thalamus and molecular layer of the cerebellum. In 24-

month-old rats, [3H]forskolin binding showed significant decreases in various brain regions, 

as compared with 6・month-oldanimals. 

Discussion 

The present study provides evidence that adenylate cyclase system in the rat brain was 

more susceptible to aging pro~esses than phosphoinositide cycle system. Furthermore, our 

autoradiographic results suggest that the change in the adenylate cyclase system is more 

pronounced由anthat in the phosphoinositide cycle sys旬min immature rat brain. These 

findings suggest that the adenylate cyclase system is primarily affected in aging processes and 

this may lead to neurological deficits. 

Aging in mammals is associated with striking changes in neurotransmission which 

may underlie the age-relat1吋 deficitsin psychomotor performance叩 dco卵tivefunctionl,16). 

Numerous previous studies suggest that the binding sites of various neurotransmitters, such 

as acetylcholine, glutamate, dopamine, serotonin and noradrenaline，訂ealtered in various 

brain regions during aging processesl7・22). Furthermore, a selective loss of glu阻mate

receptors and cholinergic neurons has been reported in the brain of Alzheimer’s disease23・26).
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Thus, alterations in neurotransmitter receptors may play a key role not only in aging 

processes, but also in age-related neurodegenerative process such as Alzheimer' s disease. 

Intracellular second messenger systems are well known to be crucial to v訂ious

aspec臼 ofcellular functions. In particular, much evidence has emerged over the past decade 

to suggest that PKC in phosphoinositide cycle system is a widespread family of kinぉes

responsible for neurotransmitter release, neuronal activity, synaptic plasticity, long-term 

potentiation (LTP), growth and diff erentiation27・29). Therefore, this e回 ymeis thought to 

play a m勾orrole in neuronal function. Previous investigations suggested an impaired PKC 

function in T lymphocytes of aged mice and a reduced phosphoryl剖ionof protein Fi, a 

specific endogenous PKC substrate in aged rat brain30,31). Friedman and Wang IO) also 

demonstrated the reduced PKC activity in aged rat brain. On the other hand, several 

neurotransmitters are known to stimulate the formation of cyclic-A恥1Pby activation of 

adenylate cyclase32). Cyclic-AMP plays a role in expression or activation of ion channels and 

acetylcholine receptors33,34). Further, the cyclic-AMP cascade including adenylate cyclぉeis 

involved in learning, short-term memory and synaptic plasticity35,36). Nomura et aJ8）・ also

suggest that basal activity of brain adenylate cyclase was significantly reduced in aged rats. 

Therefore, the adenylate cyclase system is rather likely implicated in aging processes as well 

as cognitive function. 

In the p陀 sentstudy, a significant decrease in [3H]PDBu binding was observed only 

in the cerebellum of 3-week-old ra包 ascompared with 6・month-oldanimals. In contrast, a 

significant increase in [3H]forskolin binding was found in various brain陀 gions,such as 

cerebral cortex, nucleus accumbens, thalamus and substantia nigra of 3 week-old animals. 

Interestingly, ontogenetic studies of PKC in the rat brain have demonstrated that this e位 yme

increases rapidly after birth and reaches the maximal level at about 4 weeks of postnatal 

ageJ7,38). Therefore, no significant changes in [3H]PDBu binding in most brain areas of 3・

week-old ra也observedin our study may reflect that the binding rapidly reaches near the adult 

level in the brain after birth. Although the detailed reason for this phenomenon is presently 

uncl伺 r,our finding may suggest the conspicuous differences in the developmental pattern 

between [3H]PDBu and [3H]forskolin binding in the brain after birth. 

On the other hand, the present study also showed that age-related change in 

[3H]forskolin binding was noted in various brain陀 gions,whereas no significant alterations 

in [3H]PDBu binding were observed in the brain of aged rats. In particular, the age－陀lated

reduction in [3H]forskolin binding was observed in the cerebral cortex, striatum, nucleus 

accumbens, hippocarnpus such as CA3 pyramidal cell layer and dentate gyrus, thalamus and 

molecular layer of cerebellum. This finding seems to relate the finding血atbasal activity of 

adenylate cyclase is significantly decreased in aged rat brain. From these observations, we 

suggest由atadenylate cyclase system in most brain regions may be susceptible to aging 

processes鎚 comparedwith phosphoinositide cycle system. However, several subtypes of 
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PKC have been identified by protein purification and by cloning of cDNAs39-42). Therefore, 

it is necessary to investigate the regional pat民mof each subtype of PKC for the fu巾 er

understanding of age-relaも.eelchanges in the brain using陀ceptorautoradiographic and 

immunohistochemical techniq~es. 

There is abundant evi化脱出atseveral neurotransmitters，出eirmarker e位 ymes組 d

組 yneurotransmitter receptors訂esignificantly reduced in brain tissue from Alzheimer’s 

dise鎚 e23・26,43・47>.The dysfunction of intracellular second messenger systems is also known 

to occur in such age-related neurodegenerative disorders as Alzheimer's disease. Several 

studies have shown a marked reduction of PKC levels and the number of l人5-

trisphosphate( 1P3) bindion in the neocortex and hippocampus of Alzheimer’s disease 

patients48.49>. Dewer et also). also reported that [3H]forskolin binding was si伊ificantly

reduced in the cerebral cortex of Alzheimer's disease. These observations seem to suggest 

that the dysfunction of second messenger systems may reflect the impai口nentof ∞伊itive

function occuπing not only in aged animals, but also in age-related neurodegenerative 

disorders such as Alzheimer's disease. Therefore, our finding may help to further elucidate 

the relationship between aging processes and cognitive function. However, the present study 

could not deもerminewhether the observed changes in [3H]PDBu and [3H]forskolin bindings 

訂edue to changes in the affinity constant (Kd) or the number of binding sites (Bmax). 

Therefore, further studies訂 eneeded to inv回 tigatethe precise biochemical mechanisms for 

our findings. 

Conclusion 

The present study demc:mstrates血atadenylate cyclase system in the rat brain is more 

susceptible to aging processes由加phosphoinositidecycle system. Furthermore, our results 

suggest that出echang白 inthe adenylate cyclase system are more pronounced白組曲atin the 

phosphoinositide cycle system ~n immature rat brain. These findings suggest that inti司cellular

signal transduction is aff ec胞din aging processes and this may provide a new approach to 

age-related ne町ologicaldeficits. 
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Table 1. Regional age-associated changes in [3H]PDBu binding in印刷brain.

Region Age 

3 weeks 6 months 12 months 18 months 24 months 

Frontal cortex 852土176 762土71 801土110 821土91 732土68

Parietal cortex 808土204 895土249 772土103 794土91 700土74

Striatum 743士134 622土49 654士42 741土175 634土SS

Nucleus accumbens 78S土162 701土112 7お土79 854土313 776土SS

Hippocampus 
CAl sector 960土252 1091土226 998土1お 1018土66 891土71

CA3 sector 896土212 894土80 885土143 910土159 875土62

Dentate gyrus 888土181 896土S6 906土120 900土95 901土95

Thalam凶 614士140 501土26 499土85 529土98 510土43

Substantia nigra 727土193 662土112 602土192 615土137 668土81

Cerebellum 
Molecular layer 1042土120・ 1259土90 1358 ± 133 1234土123 1213土94

Granule cell layer 410土42・・ 483土58 465土51 541土70 477土18

Optical density was coverted to fmol/mg tissue using [3H]microscales. Values are expressed as me組 s±S.E.

*pく0.05,**pく0.01vs6months old group (Dunnell’s multiple r組 getest). n=S・7

Table 2. Regional age-associated changes in [3H]forskolin binding in the rat brain. 

Region Age 

3 weeks 6 months 12 months 18 months 24 months 

Frontal cortex 7S土7・・ 56土6 53土5 46土4• 4S土9• 
P釘ietalco民ex 78土7・ 62± 11 63土8 S2土11 54土9
S回atum 269土34 255土17 236土46 215土13 201士40• 
Nucleus accumbens 263土23• 222土19 214土25 205土19 174土32・・
Hippocampus 
CAl sector 40土9 33土7 33土7 30±5 32土8
CA3 sector 79土8 73土13 75土10 59士9 60土16
CA3py悶midal-celllayer 127 ± 14 134土15 125土15 105土lS・・ 106土19・・
Dentate gyrus 88士11 80土7 77土5 71土7 69士8• 
Hilus 194 ±1'19 183土31 193土20 178土19 160 ± 22 

百ial叙n凶 101土7•• 47土7 47土4 34土8• 35±11・
Substantia nigra 193土41・・ 118土19 102土15 99土17 87± 14 
Cerebellum 
Molecular layer ~~9土土920 161土16 149土8 142土8・ 132 ± 8 • 
Granule cell layer S2± 12 53土8 47±9 45士7

Optical density was coverted to fmol(mg tissue using [3H]microscales. Values are expressed as me佃 s±S.E.

*pく0.05， 料p<0.01vs 6 months old group (Dunnett's multiple range test). n=S・7.
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III. 12. Effect of Sewage on Plasma Cortisol and Element 
Concentrations in Goldfish, Carassius auratus 

Kakuta I. and Ishii K. • 

Department of Biotechnology, Senshu University of Ishinomaki 

Department of Nuclear Engineering, Tolwku University* 

Raw sewage contains high levels of BOD, ammonia, nutritive salts and other 

pollutants. Ammonia, in particular, is a serious toxicant to aquatic animals1・3>.High BOD also 

causes出edecr1伺 sein dissolved oxygen (DO), while low DO lowers the lethal concen仕組ons

for various toxicants4の. Raw sewage thus give hannful effects on the health of fish in and 

around the inflow area. 

It is well known白atplasma cortisol increases under stress conditions7・8>. Elemental 

con ten臼ofplasma may provide a good indication of the physiological conditions of fish，鎚 it

has been known in mammals that血econtents釘erelated closely to白ehost’s health9・10>. In 

the present study, the effect of exposure to raw sewage on plasma cortisol and element levels 

of goldfish were investigated. 

Materials and Methods 

Goldfish, Carassius aura似s,weighing about 8g were used in the experiment Fish 

were adapted to 20。cfor 2 weeks in an indoor旬nkwith 60£ of dechlorinated water. During 

the rearing period, they were fed with a commercial diet. They were examined after being 

fasted for 24 hours. The experiment was performed at a cons阻nttemperature of 20°C. 

Throughout the experimen凶 period,fish were fasted. 

Raw sewage collec飽dat the influx of a sewage plant in Miyagi Prefecture. For the飽st

group, this sewage was diluted to 10% and 50% with temperat眠叫usteddechlorina凶

water. Experimental fish were exposed to undiluted and diluted raw sewages for 3 days. 

Throughout the experimen凶 period,control fish were kept in dechlorinated water. Each旬nk

had twenty fish. Half of the rearing water was exchanged softly every day. The dissolved 

oxygen levels (DO) were not less出an6mg/l during the experiment. Water quality of 

experimen凶岡山wasmeasured by the methods11> described previously. 

Blood was collec飽dfrom the heart of alive fish in the experimen旬lgroups using a 

heparin－仕切削syringe.Afi飽:rmeasurement of haemoglobin (Hb) concentration，世紀 levelsof 
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eight elements in pl槌 mawere ,measured by PIXI 11>. Plasma cortisol was also measured by 

the method using Gammacoat [1251] cortisol12>. 

Results 

Water quality in tanks; at the beginning of this experiment is shown in Table 1. 

Parameters of raw sewage in the initial period were several hundreds times for BOD and 

ammonia-N, hundred times for total-N, several ten times for total-P, K and Mg, ten times for 

Na, Ca, Cl and Fe and two to three times for Cu and Zn in comparison with those of the 

control. 

Goldfish exposed to undiluted raw sewage exhibited occasionally laboured respir，剖ory

movement in subsequent several hours. No fish exposed to 10% and 50% raw sewages 

exhibited significant changes in behavior. No fish died during this experiment. In goldfish 

exposed to undiluted raw sewage, a slight hemolysis wぉ observed.

Changes in Hb, plasma cortisol and elemen胞 ofgoldfish exposed to sewages訂e

shown in Table 2. When fish1 were exposed to undiluted raw sewage, decreases in Hb組 d

plasma Zn and increases in plasma P, Br and cortisol were found after 3 days. In goldfish 

exposed to 50% raw sewage for 3 days, significantly higher values for plasma P, Br and 

cortisol and lower values for F~ and Zn than those of the control were found. Eleva胞dplasma 

cortisol was closely related to increase in the concentration of sewage. No statistically 

significant changes in these blopd p創溜neterswere found in fish exposed to I 0% sewage for 3 

days, however, a slight increase in‘plasma cortisol was observed. 

Discussion 

Chemicals such as amrponia組 dcopper exert genaral stress effects, that is, increase 

cotrisol and ca胞cholaminesin plasma. Raw sewage contained much higher level of ammonia-

N compared to that of the cont~ol. Significant increase in plasma cortisol in goldfish exposed 

to 50% and undiluted sewages was found. In fish exposed to 10% sewage, a slight increase 

in cortisol wぉ alsoobserved. It is thus considered that goldfish exposed to sewages incurred 

considerable stress and might hrve physiological abnormalities even in 10% sewage even with 

sufficient DO in water. 

In this study, plasma Zn decreased 3 days after血eexposure to 50% and undiluted 

sewages. Catecholamines stimulate the urine excretion of K, Mg and Zn13・14>, 

Adrenocorticosteroid decreases Zn in plasma15>. These could account for the decreased Zn. It 

has been suggested that elev'ted cortisol 16> and lowered Zn9・10> levels in plasma reduces 

powers of biodefence. It may qt us be .possible血atgoldfish exposed to sewages are subjected 

to suppression of the immune response. Elevated glucocorticoids in. plぉmaalso facilitate P 

release from白ebones17 

clear. Changes in plぉmaP, Br and Fe in the test group may have resulted from transfer to 

126 



these elements between plasma and various tissues and/or訂einversion of these elements from 

environmental water during the exposure. 

It follows from the present data that goldfish exposed to sewages incur physiologi伺 l

abnormaliti郎， evento 10% sewage for 3 days. Immediate construction and improvement 

pr1司ectsof municipal and regional sewage 紅白加entplan包 withhigh町伺.tmentca戸cityare 

thus required. 
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Table 1. Water quality in tank at the beginning of也isexperiment. 

Control Raw sewage 

pH 6.9 7.1 
BOD (mg/l) 0.2 140 
Total-N （日g/l) 0.2 23.2 
Ammonia-N (mg/l) 0.04 16.1 
Total-P (mg/l) 0.1 7.2 
Na (mg/l) 18 127 
K (mg/l) 1. 4 36 
Ca {mg/l) 3.5 37 
Mg (mg/l) 0.9 28 
Cl (mg/l) 10 90 
Fe (mg/l) 0.02 0.24 
Cu {mg/l) 0.01 0.02 
Zn (mg/l) 0.01 0.03 
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Table 2. Ghanges in haemoglobin但b),plasma cortisol and elements of goldfish exposed to sewages for 
3 days. 

Control Raw sewage 

10% 50混 100対（undiluted)

Hb (g/lOOml) 7.3±0.4 6.9±0.8 6.4±0.9 6.2±0.7本

p (mg/l) 174± 34 195± 46 242± 38草 229± 34事

Cl (mg/l) 3530± 345 3625 ± 420 3360 ± 320 3375 ± 315 
Ca (mg/l) 123土 27 141±41 140± 36 127± 28 
K ( mg/l) 118± 29 132± 36 107± 39 126± 28 
Fe (mg/l) 0.3±0.1 0.4±0.2 0.2±0.1草 0.3±0.1 
Cu (mg/l) 0.1±0.1 0.1±0.1 0.2±0.2 0.1土0.1
Zn (mg/l) 2.4±0.5 1.9±0.8 1.5±0.6本 1.6± 0.5本

Br (mg/l) 1.2±0.4 1.5±0.7 2.1±0.6軍 1.8±0.5軍

Cortisol (ng/ml) 69± 23 82±36 126± 43~ 162± 65本

Data are given as mean ±S. D., N=8. 
* Signific組 tdiffi釘encefrom those of the control (p<0.05). 
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IV. 1. JD PET system with supercomputer 

Fujiwara T .. Watanuki S., ltoh M., Ishii K .. Orihara H., Yamamoto S. *, and 
Takahashi S. * 

Cyclotron and Radioisotope Center, Tohoku University 
Shimadzu Corporation, Kyoto本

The main advantage of 3D data acquisition in PET using enlarged field of view 

scanners with retracted septa is血ebetter sensitivity to 20 imaging with septa. The SET-

2400W is a newly designed whole body tomograph with 20 cm axial filed of view. Since full 

30 acquisition and reconstruction required large data files and exも.endedcompu旬.tionaltime 

for a built-in workstation, we developed 30 recons加 ctionsystem with a supe四omputer.

Materials and Methods 

The tomograph consists of four rings of 112 BGO detector units (22.8 mm in-plane x 

50mm磁 ialx 30 mm depth). E.ach detector unit has 6 (in-plane) x 8 (axial) matrix of BOO 

crys凶 scoupled to two dual photo multiplier tubes. Crystal size is 3.8 mm (in-plane), 6.25 

mm (axi叫）叩d30 mm (depth). The detectors訂e訂 rangedin 32 rings with 672 crys凶s

伺 ch.A泊alfield of view is 200 mm. Sixty-three sinograms訂 estored in a large scale of 

acquisition memory ( 1 GBytes) in 20 mode. All sinograms have corrections for 

normalization and attenuation血atare obtained from blank, transmission, and calibration 

scans. A 68Ge-68Ga external rod source (10 mCi) can be orbited at 640 mm radius to measure 

blank scan and 2D transmission scan data. Total sensitivity in 2D mode was 220 kcps/μCi/ml 

with coincidence path accep旬neeof neighboring rings. Total sensitivity in 3D mode W鎚

3600kcps/μCi/ml before scatter subtraction. In-plane resolution in 20 mode was 3.9 mm 

FWI-弘'1at the center and 4.4 mm FWI-弘4飽ngentially,5.4 mm FWHM radially at 100 mm 

from the center. Average瓜 ialresolution in 20 mode was 4.5 mm FWI弘11at白ecenter組 d

5.8 mm FWHM at 100 mm from the center. In-plane resolution in 30 mode was 5.7 mm 

FWHM at白ecenter and 6.0 mm FWf弘'1tangentially, 6.5 mm FWHM radially at 100 mm 

from the center. Average axial resolution in 30 mode was 7.9 mm FWHM at the center. 

Average scatter fraction in 2D mode among all slices for septa in was 8%. For septa out, 

average民atterfraction was increased up to 40%. Maximum count rate for all slices was 210 

kcps (3.0μCi/ml) in 20 mode and 340 kcps (0.3μCi/ml) in 30 mode. 

The 20 data were processed using the standard SEf-2伺 OWreconstruction software. 

In 30 mode, all possible coincidence pairs of 1024 sinograms are stored in the same memory. 
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Corrections for d伺 .dtime and !decay of radioisotopes can be performed in real-time in the 

memory. All data訂etrans fen吋 toTITAN-2 (Kubota, To勾o)workstation connected via 

VME-bus. The workstation provides control for the system and a 2D and 3D image 

reconstruction unit. A 2D set of 63 sinogr副ns・requires・5.7 Mbytes. A full 3D sinogram 

requires 124 Mbytes. I~rj..prder to recons甘uct白e3D images, all data were transferred to a 

supercomputer (SX-3／輔氏 ·N~C, To勾o)via FDDI network. This computer hぉ 25.6

Gflops of maximum operating speed. The reconstruction processes were summarized in 

figure 1. For the reduction of the scattered photons in the final images, the 3D reconstructed 

images are digi凶lypost processed using a low pass filter and these images訂eweighted and 

subtracted from the original 3D images to remove the scattered photons•>. 

Results 

All data were transferred from storage disks in the workstation to the working area of 

SX-44/R with the speed of 3 MBytes per second. It took 4 min for the full reconstruction of 

a 3D image with SX-44/R, where same data sets took more than 4 hours with TITAN-2. The 

brain images of the normal volunteer administered with 2.4 mCi of 18F-FDOPA are shown in 

figure 2. Clear visualization of ~triatum in 3D mode is noticeable. Whole body multiposition 

FOG scans of 3D data acquisition and reconstruction are shown in figure 3. Only 9 positions 

were necessary to ob旬inan overview of the FOG uptake in all the organs of interest including 

the brain, heart, and bladder, corresponding to 540 image planes. For this case, the 3D 

emission scan time was 45 min. 

Discussion 

The main advantage of 3D PET is the detection of lower tracer activities. The 3D P町

has obvious advantage of better signal to noise ratio compared with 2D imaging and may 

preferable to 2D PET where tracer accumulation in well defined regions is expected. This is 

especially important for the studies of the distributions of ligands for neuroreceptors such as 

18F-FDOPA, 11C-Benztropine, and 11C-Doxepin since these ligands show low accumulation 

in brain. Reduction of scanning time is also useful for patie臨 whoぽenot permitting 

extended scanning periods. The scanner with enlarged field of view enables whole body 

scanning with short examination time and may be useful for cancer detection. Since fully 3D 

image reconstruction requires considerable担nountof compu包.tionaltime compared with 2D 

reconstruction, several Jin首位d3D reconstruction algorithms were proposed for reduction of 

time2>. The algorithms are useful to the object in the center of the field of view such as brain. 

However, these approaches are not applicable for whole body 3D reconstruction. Although 

the substantial progress in computer hardware has been occurring in the past years, 

reconstruction time with a single workstation is not enough at present. The use of a high-

speed processor suchぉ supercomputerwill be one approach of the reduction of 

recons町ucttontime. 
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Fig. 2. Representative brain sections of normal volunteer imaged wi出 18F-FDOPAwith 5 min 20 scan (top) 

and 5 min 3D scan (bottom). 

Fig. 3. Whole-body 30 PEf images shows normal distribution of accumulation of 18F・FDG(1 mCi) 

in contiguous coronal sections 
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IV. 2. Functional Anatomical Studies of Encoding and Retrieval 
in Verbal Recognition Tasks 
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Suzuki, K., Ito M. ***. Goto R. *, and Fukuda H. * 

Department of Neuropsychology, Tohoku UniversiηGraduate School of Medicine 
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Introduction 

Several neuropsychological and neuroimaging studies have suggested that the human 

hip伊campalregions play an important role in memory processingl,2). However, a number 

of studies relevant to memory function have failed to show activations of the medial brain 

structures, damage to which causes amnesia, and little is known about the functional 

difference of each hip伊campalregion. In the present study, the different role of each 

hippocampal region in the verbal memory was inv偲 tigatedfurther using PET. 

Methods 

SUBJECTS 

Nine healthy young male volunteers participated. All subjec胞 we間口出thanded. A 

written informed consent was obtained from each subjects. 

TASK DESIGN 

In each task, subjects listened to 30 words presented by a旬.perecorder through ear-

phones. Except for the experiment 2, the list of 30 words was comprised of 15 different 

words, each of them appearing twice. Different lists were presented in each task. Average 

scores of imagery were equal in each Iist3). Control task: subjec胞 wereasked to repeat every 

other word heard. Experiment I: subjec臼wereinstructed to rep回 tthe words when heard for 

the first time and not to repeat the words when heard for the second time in this experiment. 

Then, before the experiment 2, subjects memorized the 15 words used in experiment 1. The 

list of 15 words wぉ presentedthree times, and at this time subjec胞 didnot undergo the P町

scan. Distraction task: subject’s task was由esame as the control task. Experiment 2: 

subjec包 wererequired to rep飽 tthe words memorized about 20 minutes before and not to 

rep伺 tnon-memorized words. This list consisted of 15 memorized and 15 non-memorized 

words. 
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SCANNING MEfHODS AND REGIONAL ANALUSIS 

Regional cerebral blood flow (rCBF) wぉ measuredusing PET (SET2400W, 

Shimadzu) and I5Q labeled water (approximately 35 mCi for each i吋ection). All rCBF 

images were transformed into the s回ndardanatomical format using Human Brain Atlas 

system4) and each subject's MRI. After the anatomical stand訂dizationprocedure, 

subtractions of control from each task were calculated for each subject on a voxel by voxel 

basis. Then, descriptive t-ifi1.ages of each task minus control were calculated to find 

significant changes. 

Results 

Subjec胞 werequite accurate in their behavioural performances in these two 

experimental tasks. 

When compared with the control tぉk,both the experiment 1 and experiment 2 tasks 

activated fields in the left cuneus, orbi凶 cortexand caudate nucleus, in the right middle 

temporal, occipital association, premotor, insula, globus pallidus, anterior and posterior 

cingulate, and in the bilateral superior and middle prefrontal, inferior parietal association, 

precuneus and cerebellum. The regions activated during出eexperiment 1 task but not during 

experiment 2 task were listed in Table 1. Note that a number of activated regions紅 epresent 

in the left hemisphere; the left開rahippoc副npalgyrus(see, Fig.1), the left basal forebrain, the 

left hypothalamus, the left putamen, the left inferior frontal gyrus, the left infe~or occipital 

gyrus and the left superior temporal gyrus. On the other hand, the regions activated during 

experiment 2 task but not during experiment 1 task were listed in Table 2. Many regions in 

the both hemisphere were activated including the caudal part of the right parahippocampal 

gyrus(see, Fig.2), the right inferior fron凶 gyrus,the left arnygdala, the left insula and the left 

precentral gyrus., although several posterior regions also revealed increased blood flow. 

Discussion 

Our experiment is, as far as we紅eaware, the first demonstration that the activity in 

each hippocampal region is related to the different verbal recognition task. 

Common processes in the two experimental conditions and control condition are 

auditory analysis of the heard words and oral pronunciation of half of the heard words. 

These three conditions concu~ently involve retrieval of information from semantic memory 

and encoding of information into episodic memory5>. However, it can be surmised由at出e

level of encoding processing differs considerably among these three tasks. Experiment 1 

require deeper processing than does the experiment 2 because of the novelty of白estim叫i5).

It is probable that experiment 1 requires deeper encoding processing than does出econ仕ol

noun repetition task6). Therefore experiment 1 minus control task represents relatively deep 

e戸sodicencoding and short-term episodic recognition. As compared with the control task, 
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experiment 2 may require deeper encoding processing because this task is impo印刷 forthe 

subjects. So we assume that experiment 2 minus control noun repetition task repr凶 en胞

shallower episodic encoding and long-term episodic recognition. The m勾ordifferences 

between two experimental conditions were出edep血ofencoding processing and the retention 

interval. 

According to the r伺 soningabove outlined, deeper encoding and short-term episodic 

recognition(experiment 1）訂eぉsociatedwith blood flow increase in the left hippocampal 

region. Shallower episodic encoding and long-term episodic recognition( experiment 2) are 

associated with blood flow increase in the right hippocampal region. 

It is becoming increasingly clear that episodic encoding task involves activity in the 

left prefron阻lregions and episodic retrieval task involves activity in the right prefrontal 

regions5,7). Because there are m勾orconnections between the dorsolateral prefron凶陀gion

and the hippocampus8), it is not surprising that we found the left hippocampal activity 

together with the left pre仕on凶 activityin the deeper encoding task and the right hippocampal 

activity together with the right prefrontal activity in the long-term recognition task. In the 

former task, we also found blood flow increase in the left inferior frontal region, on the 

contrary, in the latter task blood flow increase in the right inferior frontal region. We 

speculate that each hippocampal region have a strong functional relationship to ipsilateral 

inferior frontal region. In both experiments, we found blood flow increases in both superior 

and middle prefrontal regions. The right superior and middle prefron凶 activityin the 

experiment 1 may reflect recognition processes despite of the retention interval. Longer 

retention interval may be necessary to activate the right hippoc出npalregion. The left superior 

and middle prefrontal activity in the experiment 2 may be ascribable to encoding processes 

though出eencoding processing wぉ shalloweras compared with the experiment 1. Deeper 

encoding processing may be required to activate the left hippocampal region. 

Taking into account many regions activated in both tasks, specific neuronal networks 

including each hip伊C出npalregion may be involved in different aspects of the verbal memoη 

processing. 
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Table 1. Activation foci制 oci瓜吋wi血 onlyexperiment 1. Stereotaxic coordinat1回 referto the maximal 
activation indicated by the highest z, score in a p釘tic・叫釘印rebrals位協ture.Distances refer to血estereo tactic 
space defined by Talairach and Tournoux. Numbers in parenthesis refer to Brodmann釘e箇．

Anatomical Structure x(mm) y(mm) z(mm) t value 

Left Superior Temporal G戸山（22) 50 -47 20 8.789 

Inferior Occipital Gyrus (17) 15 ・96 。6.113 

Inferior Frontal Gyrus ( ~ 4。5) 41 35 10 10.26 

38 13 18 5.596 

ParョhippocampalGyms (36) 18 -34 -13 11 

Subcallosal Gyrus 20 2 -8 5.447 

Hypo血alamus 8 -4 7.912 

6 -17 。6.217 

Pu tam en 23 2 7 9.186 

Right Superior Oc~ipital G戸田(19) ・34 ・80 31 5.313 

Orbital Gyrus (11) ・8 14 ・19 5.16 

Table 2. Activation foci associated with only experiment 2. Stereotaxic coordinates refer to the maximal 

activation indi伺包dby the highest Z score in a partic'叫arcerebral structure. Distances refer to也estereo tactic 
space defined by Talairach and Tournoux. Numbers in parenthesis refer to Brodm組 nare鎚．

AnaぬmicalStructure x(mm) y (mm) z(mm) t value 

Le氏 Middle Temporal Gyrus (39) 42 ・66 20 10.18 

Middle Occipital Gyrus (19) 45 -67 -4 5.816 

(19) 39 -74 5 14.45 

Superior Occipital Gyrus (19) 32 -88 24 9.698 

Precentr叫 G戸山（匂 41 -2 44 7.998 

(6) 16 ・14 58 6.468 

Posterior Ins叫a 38 ー13 ・8 5.762 

Anterior Ins叫a 31 16 5.802 

36 5 19 8.463 

Uncusσ4) 12 ・4 ・20 8.089 

Right Lingual Gyrus ( 1η ・3 ・88 ・12 6.733 

(18) -19 -80 ・15 12.32 

Inferior Occipital Gyrus (18) -30 -84 ・9 5.081 

Cuneus (1η ・1 -85 9 7.347 

In回 Parle也lS叫cus ・16 ・62 34 7.612 

Inferior Frontal Gyrus (45) -41 34 2 6.676 

Parahip戸campal G戸us(36) -36 -28 -15 9.789 

-16 -48 -10 12.87 
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Figure 1. Parahippocampal regions significantly activated while pcrfonning experiment 1 compared to山巴

control task. Areas of signifieant activation (p<0.001) have been superimposed on mean reformatted MRI of 

nine subjects. Black arrow indicates t11c activated left hippocampal region ( 18, -34，・13,t=ll) dwing 
experiment 1 

Figure 2. Parahippocampal regions significantly activated while perfonning experiment 2 compared to山E

control task. Areas of significant activation (pく0.00I) have been superimposed on mean reformatted阻ミIof 

nine subjects. Black町 owindicates山 activatedfocus of山ecaudal part of山 righthippocampal region (-

36, -28，・15,t = 9.789) during experiment 2. 
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IV. 3. Neuroanatomical Correlates of Semantic Processing: A 
Positron Emission Tomographic Study 

Imamura T., Nagasawa H., Masatoshi I.*, and ltoyama Y. 

Department of Neurology, Tohoku University School of Medicine, 
Division of Nuclear Medicine, Cyclotron and Radioisotope Center, Tohoku University* 

Introduction 

A recent theoretical framework of cognitive neuropsychology (Figure. 1) assumes that 

information about words is stored in a functional architecture~ which consists of one central 

semantic system and modality-specific input and output lexiconsI>. Semantic system is a 

cen佐dstructure of human language system, but its anatomical distribution has remained 

poorly understood. Several neuroscientistsぉsessedthis issue by cognitive activation study 

using positron emission tomography (PET), and obtained controversial results2-4). We here 

accessed this issue by an activation p副司digm，出atis, word finding. Subject訂einstructed to 

retrieve words in one minute with a given category (categorical word finding), or with a given 

initial letter (phonological word finding). These two types of the task are thought to use 

different component processes of cognitive structures5.6) and the schematic processes of the 

tasks訂 eshown in Fig. 2. In categorical word finding (Fig. 2-A), a ca胞goryis presentedぉ

an auditory word and accepted by semantic system. Then, semantic system prep紅白白e

rep陀 senぬ.tionsof an adequate categorical word list. They activate phonological output 

representations one by one, and words are finally pronounced. In phonological word finding 

(Fig. 2・B),a presented letter is transferred, via a process of auditory analyses, to a certain 

problem solving system for strategic word search. Because there are no phonological 

representations of words in semantic system, the problem solving system directly controls 

phonological output lexicon and prepares the rep陀 sentationsof an adequate word list. Then, 

the words訂 epronounced in the final process. Internal re-hearing (Fig. 2・B;broken arrows) 

may activate semantic system in phonological word finding. This process, however, is not 

essential for phonological word finding, and the activation would be in less degree出an

categorical word finding. In summary, categorical word finding activates semantic system 

and phonological output lexicon, while, phonologi凶 lword finding activates problem solving 

system and phonological output lexicon. Thus, the across-task comparison is expected to 

detect relative activation of semantic system and problem solving system・ for strategic word 

search. 
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Subjects and Methods 

SUBJECTS 

Seven right-handed, native Japanese, normal volunteers (5 men and 2 women, age 

27-65 ye訂 s)were recruited td this study. We examined the subjects' ability for word finding 

before PET study， 組dconfirmed no significant difference between白eircategori叫叩d

phonological word productions (mean ± SD words/min is 11.0 ± 5.2 with animal category 

and 9.1 ± 2.2 with initial syllable [a]; t = 1.59, n.s.). In phonological word finding, 

Japanese subjects訂easked to retrieve as many words beginning with a certain syllable as 

possible because every initial Kana letter of words represents a syllable, not a phoneme, in 

Japanese writing system. The Research Ethics Committee of Tohoku University School of 

Medicine approved this study. All the su句ectsgave written informed consents. 

POSITRON EMISSION TOMOGRAPHY 

The PET study W鎚 performedwith a scanner (Pf931, CTI Inc., USA) at the 

Cyclotron and Radioisotope Center, Tohoku University, Sendai, Japan. A 15-minute 

transmission scan was performed using a retractable 68Ge I 68Ga ring source to correct tissue 

attenuation before the study. The subjects underwent two studies of regional cerebral blood 

flow (rCB町 byCl 50i steady s刷 einhalation me出odwith arterial blood S制 piing♂

Subjects were blindfolded during the studies. After an instruction and a practice of each task, 

prep訂・edcassette包peand earphone provided a series of 8 categories (fruit, bi_rd, vehicle, 

stationery, flower, vegetable, fish, kitchen ware) or 8 syllables ([ta], [ko], [ma], [hi], [ka], 

[to], [ha], [ya]) at a rate of one per minute. Vocalization was prohibited during task 

performance and subjects『silencewas confirmed by a microphone attached to the mask. In 

each study, the scanner collected emission data for 7 minutes after the first category or 

syllable was provided, and obtained 14 plains with an 8 mm of axial and transaxial 

resolution. The two rCBF studies had a 10 minutes of washout interval, and the order of the 

two tasks was balanced in the subjects. 

DATA ANALYSIS 

We reconstructed the calculated rCBF images to 36 interpolated plains par叫lelto the 

intercommissure line, and 3・dimensionallynormalized to the coordinate reference space from 

白eatlas of Talairach組 dToumouxB>. The voxel size was 1.3 x 1.3 x 2.6 mm. We 

performed across 凶 k comparisons of rCBF (ca胞gorical・phonological tぉk, and 

phonological・ωもegoricaltask) with voxel by voxel analysis of variance, and plot則自e

voxels with rCBF increase exceeding a threshold of probability of 0.05. A region was 

considered to be significantly activa凶 ifa spatially contiguous set of voxels were all 

independently significant at a level of P < 0.05 and if it had more than 20 mm of m司oraxis. 

We believe these criteria for significant activation guard against excessive false positives in 
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multiple comparison, and did not conduct a statisti切 icorrection for multiple comparison 

because of the explorative na制reof this study. 

Results 

Figure 3 presen臼 significantlyactivated regions in categorical or phonological word 

finding comparing to each other task. These regions訂 esummarized in Table 1, with 3-

dimensional coordinat偲 ofthe midst voxel in Talairach's atl槌 8>,Brodomann『sarea number, 

anatomical location, and inter-task difference of mean rCBF of midst nine voxels. In 

categorical word finding, two activated foci were observed in left temporal lobe. One of them 

was in the posterior part of superior temporal gyrus, and adjacent to postcen佐algyrus (area 

42). This region co汀・espondsto anterior part of Wemicke’s area. The other region was in 

the posterior part of middle temporal gyrus (area 21, 37). We found 4 more activated foci in 

bilateral parahippocampal gyri （訂飽 35,36) and bila旬ralcerebellar hemispheres. Three 

regions had significant increase of rCBF in phonological word finding. Two of them were 

located in right middle frontal gyrus (area 6, 8), and one in the midline struc何 時

co汀・espondingto posterior cingulate gyrus (area 23, 31). 

Discussion 

Our tasks would minimally activate primary motor system for speech production because 

the subjec包 wererequired no verbal output. Thus, the inter-task differences in this study 

would be originated from the central cognitive processes mentioned above. Several activated 

foci were observed in categorical word finding (Fig. 3 and Table 1). They located in left 

posterior temporal, bilateral medial temporal, and bilateral cerebellar regions. Among them, 

we consider the left posterior temporal regions are involved in semantic processing. 

An activation study of Petersen et al. 2,3) compared a semantic task to a repe出ontぉk.

The semantic task required to say a verb related to each presented noun, and the repetition 

task needs only to repeat the noun. They assumed simple word repetition needs no semantic 

processing, and semantic system is activated only in the verb generation task. The resul胞

showed the significant increase of rCBF in the inferior prefrontal cortex of left hemisphe陀

(Broca’S紅側） during the semantic task, and the authors associated semantic system with the 

region of the left fron凶 cortex. However, their presumption is disputed. Wise et al.9) 

児 portedno significant activations in the tasks with semantic judgment of word pairs 

comparing to the task of simple listening to nonwords with word-like phonological structure. 

This m伺 nsthe presented words or nonwords may automatically activate semantic system 

even in a simple listening or repetition task which dose not explicitly demand comprehension. 

Recent studies4.10,ll) showed the activation of Broca's area during subvocal pronunciation 

and rehearsal of words or non-words. In the study of Petersen et al. 2.3), the verb generation 

task may require both the subvocal pronunciation of the stimulus word and the vocalization of 
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the output word,・ while repetitipn task needs only to vocalize the stimulus word. This may be 

why the former task relatively activates Broca’s area. 

On the other hand, Demonet et al. 4) reported the increase of rCBF in left temporo・

卵白凶時ionsduring a semantic judgment task comparing with a phonologi叫 judgment

task. The two tasks required to respond according to whether the presented noun has a given 

semantic attribute, or whether it includes開口icularphonemes. They associated由esemantic 

processing with the left tempor1かparietalarea. The results of our study further specified the 

left posterior temporal areaぉ aprobable anatomical structure for semantic processing. 

Wemicke’s area is established to be important for language comprehension. A recent 

study12) showed the left temporal lesions disrupt semantic processing of words. We must, 

however, note that our statistical methods elucidate the anatomical foci, rather th如 the

circumscribed structures, of cognitive processing. The neural system for semantic 

processing surely includes, anp may be dist巾 utedbeyond, the left po蜘 iortempo凶訂・ea.

We observed two more activated areas in categorical word finding，出atis, 

p訂剥p伊campalgyri and ce~ebellar hemispheres (Fig. 3 and Table 1). Medial temporal 

structures are thought to contribute episode memory system, and several studiesl3・15reported 

the parahip伊campalactivation in various memory tasks. Why did categorical word finding 

in our study activate this陀 gion?One possible explanation is that the subjects may employ a 

S甘ategyreferring to episode memory to perform the task. For example, a housewife may 

retrieve the vision of her kitchen to produce as many names of kitchen ware ~ possible. 

Another possibility is, as Kapur et aJ.15) discussed, the medial temporal structures have a role 

in both episode memory system and semantic processing. The activation of cerebellum in 

categorical word finding is also difficult to interpret, but several activation studies3,14,16) 

suggested probable contributions of cerebellum in various cognitive functions. 

Activated foci were found in right dorsolateral prefrontal and posterior cingulate 紅白S

during phonological word finqing (Fig. 3 and Table 1). We consider the right dorsolateral 

prefron凶 regionsmay be associated to the strategic word search for this tぉk. Damages to 

this area cause deficits in problem solving tasks including word finding17). Grasby et aJ.14) 

observed the bilateral prefrontal activation in supraspan memory task comparing to subspan 

memory task, and discussed to relate the訂・eato the strategic organization and retrieval of 

suprasp却 information.Our study underlined their assumption, but detected only unilateral 

activation of prefrontal area. In our study, subvocal pronunciation of generated words would 

activate left prefrontal regiop, including Broca’s area, during both categorical 組 d

phonological tasks. Thus，白色 inもer-taskcomparison may cancel the increased rCBF of the 

left dorsolateral prefrontal area during血estrategic word search of phonological tぉk.Several 

studies4, l l, l 4) reported the activation of posterior cingulate area, but the interpretation of the 

findings remain controversial. Our study also suggests the relation between this structure and 
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some cognitive processes, but we need further studies to understand i胞 rolein higher brain 

functions. 
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Table 1. Significantly activated regions. 

Coordinates (mm) Brodomann's Anatomical Mean diff ere nee of rCBF 

x y z area location (mlパOOg/min)

Categorical word finding 

・55 ・27 16 Area 42 Left superior temporal gyrus (posterior part) 14 

・55 ・56 8 Area 21, 37 Left middle temporal gyrus (posterior pa吋） 9 

・36 ・22 ・16 Area 35, 36 Left parahippocampal gyrus 11 

22 ・23 ・16 Area 35, 36 Right parahippocampal gyrus 13 

・46 ・59 ・21 Left cerebellar hemisphere 14 

35 ・64 ・23 Right cerebellar hemisphere 12 

Phonological word finding 

27 24 39 Area 8 Right middle frontal gyrus 13 

35 。39 Area 9 Right middle frontal gyrus 10 

。・33 29 Area 23 Posterior cingulate gyrus (midline) 13 
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Fig. 3. The activated foci in categorical word finding (blue) and phonological word finding (green) arc 

displayed on the standardized mean rCBF images of all studies. 
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IV. 4. Assessment of a Non-Anastomotic Bypass Surgery in 
Childhood Moyamoya Disease:CharacteristJcs of Cerebral Blood 

Flow and Oxygen Metabolism 

Shirane R., Takahashi T., KusakαY”and Yoshimoto T. 

Department of Neurosurgery, Tohoku UniversiηSchool of Medicine 

Introduction 

Therapeutic methods for Moyamoya disease訂edivided into direct or indirect 

anastomotic bypass surgery. The problems in direct anastomosis is thought to be difficult in 

reconstruction of blood flow in the fron凶 areaor the territories of the anterior cerebral artery. 

It has been reported that even when TIA disappeared in the early stage after direct bypass 

surgery, mental re旬rdationand psychomotor disturbance may develop as f訂 aschronic 

circulation failure remains in the frontal area1・幻. Therefore, tr1伺 tmentof childhood 

Moyamoya disease will not be completed by obtaining disappearance of existing symptoms in 

a short period of time. Patients who underwent surgery in childhood and had remission may 

be require to undergo surgical treatment again because the disease progressed in 

angiograp悩cals旬geuntil adolescence3刈. Since therapeutic plan mainly consisting ST A-

MCA anastomosis for the second surgery. ST A can be used effectively in the future if noル

anastomotic bypass surgery preserving ST A is performed first as出epresent method. In 

addition, this method consists of combination of various types of non-anastomotic bypass 

surgeries using temporal muscle, galea and dura, operation can be expanded to the brain 

surf ace wider出anthe r如 geof the operation field, and ischemia in the fron凶 lobecan be 

treated easily by changing the site of craniotomy, and blood flow in the skin flap can be 

maintained5>. Besides emphasizing the advantages of the surgical procedure of this method, 

we assess long-term clinical outcome and discuss the characteristics of cerebrnl blood flow 

組 doxygen metabolism using PET in this report. 

Materials and Methods 

PATIENT POPULATION 

The subjec臼 were19 patients with childhood Moyamoya disease, 15 girls and 4 

boys, admitted to our institution in 7 years from 1988 through 1995. This type of surgery 

was performed for a to凶 of39 hemispheres (Table 1), and the patien包 havebeen followed 

up 1to7 years (m伺 n49.3 months) after operation. 
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The initial and subsequent symptoms due to cerebral ischemia were observed in all 

pa ti en胞. Among them, 8 cases showed obvious cerebral infarction on CT scan. 

Angiographic studies were performed in all patients, and the abnormal findings were shown 

in Table 1. Preoperative evaluation of cerebral blood flow using PET with 015 (C02, 02, CO) 

was performed in 9 cases (cぉe6"14)for evaluating cerebral oxygen metabolism and blood 

flow. Six cases were studied with PET, postoperatively. 

PET PROCEDURE 

We used a Pf・931(CTI, Knoxville, Tennessee) in accordance with the policies of the 

committee for clinical PET study in Tohoku University. The spatial resolution of the image 

was 8 mm full width at half maximum (FWHM), and the slice thickness was 7 mm. Seven 

slices were obtained simultaneously. All subjects we問 scannedin the以 ialtomographic 

plane from the cerebellum to the cerebrum. Measurement of the regional cerebral blood flow 

(rCBF), the regional cerebral metabolic rate of oxygen (rC恥依02),and the regional oxygen 

extraction fraction (rOEF) was performed with steady state inhalation of 015 labeled C02,02, 

CO, res戸ctively6・13>. The region of interest (ROI) was between the axial slices through the 

cerebellum and the central semivowel. The fron凶 associationcortex (FC), sensorimotor 

cortex (SM), parie凶 cortex(PC), visual cortex (VC), and thalamus (TH) were estimated. 

Oval ROls located in each struc刷rewere verified by MRI. The rCBF, rOEF, and rCMR02 

were determined from these ROis. 

OPERATIVE恥IBfHOD

For decision of the ・operation field, ischemic site was identified bぉedon overall 

evaluation of findings in preoperative cerebral angiography, cerebral blood flow and 

metabolism, then, the area of priority for operation was determined. The operation field was 

determined based on the ischemic site. In order to perform anastomosis of STA and middle 

cerebral arteries (STA-MCA) when ischemic changes develop newly in the future, ST A was 

kept intact at the time of skin incision. A skin flap was prepared by peeling the temporal 

muscle with galea from the cranium and rolling back. Burr holes were made on出ecranium 

avoiding the running dural artery ぉ muchas possible b鎚 edon the cerebral angiographic 

observation, and a bone flap was formed. 

The dura was incised and rolled back by avoiding cutting the main branches of middle 

menigeal 訂teryand keeping blood flow without disturbing anastomosis of dural and brain 

surface vessels. Thickened arachnoid membrane of the brain surface was cut along sulci，組d

blood vessels of the brain surface were exposed. On the other hand, the dura rolled back was 

cut into strips with pedicle preserving the dural t首位ryand inser句din the brain surface around 

the bone window toward the ischemic region, and the external surface of dura was attached to 

the brain surface. The temporal muscle with galea of the skin flap was peeled to make a thin 

monolayer flap, and白elayer was tightly attached to the brain surface and connected to the 
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cut-end of the dura by suturing. Afl民rremoving minimal p制1of the bone flap for preventing 

insufficient blood flow caused by oppression of the inserted temporal muscle, the bone flap 

together with skin flap were returned and the temporal musc~e, fascia and skin remaining in 

the skin flap side were arranged to the normal order and the incision was closed. 

Results 

The subjects were 19 patients with childhood Moyamoya disease who underwent 

surgery in our department between 1989 and 1995. Their age was 1 to 12 years old. The 

clinical results were summarized in Table 2. Surgery was performed bilaterally at different 

time in each of 14 patients, unilaterally in one patient. Additional surgeries were carried out 

in 3 cases due to newly ischemic changes during the follow-up period, for a total of 39 times. 

Bilateral surgery was performed on both side by two stages with an inもervalof two months or 

more until the ischemic symptoms of the operated side disappeared. The postoperative 

observation period was from one to five years. In all of the cases, preoperative symptoms 

were ameliorated or disappeared. On angiography performed two months to one ye訂 after

operation, good development of collateral circulation from the external artery into the cranium 

in the operation area was observed in every patient. All cases involving the fronto-temporal 

area showed an excellent collateral circulation in both anterior and middle cerebral 紅白~rial

territori回. Obvious improvement was also found in the examination of cerebral blood flow 

and metabolism after operation in all patients. Regarding the operation site, since the 

superficial portion of the temporal muscle attached to the skin flap was left, the skin flap at出e

operation site did not depress, and the site was satisfactory from the point of beauty also. 

Owing to the preservation of the STA, no necrosis of the skin at the operation site, or no 

infection or alopecia at the operation site developed. 

Results of PET Studv 

Values of rCBF, rOEF, and rCMR02 in childhood Moy創noyapatients we陀

compared to normal children under the same protocol14>. In normal children, rCBF values 

showed gradual increase from neonatum in all cerebral regions, having a peak value around 

aged 7 ( 150% of the adults『value).During adolescence rCBF usually dee陀asedto the adult 

level. However, from the present study, we found rCBF in the frontal and parie凶∞巾X

showed the s出nevalue as in adult, while the value of rCMR02 was lower than normal 

individuals'. Increasing of rOEF wぉ observedin occasional cases in the fron凶 cortex,but 

the difference was not significant. Comparison with the above values of age matched control 

and postoperative data were summarized in Table 2 and 3. 

Compared to age matched control values, we found a significantly decreasing of rCBF in the 

frontal, sensorimotor, and parietal co目.ex（・30.5%，・40%,and ・43%)p陀 operatively. After 

surgery, the values of rCBF increased +25.5%,+11.4%, and +11.3%, r，凶pectively.
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However, there was no significant difference in the thalamus and α氾ipi凶 cortex.The values 

of rOEF in childhood Moyamoya patients were slight higher than the control group, 

particularly in the frontal (+14.9%), sensorimotor (+11.1 %), and parie凶 cortex(+12.2%). 

Although variations were found among them, postoperative data showed decreasing rOEFs in 

the fron凶（－7.5%) and sensorimotor （ー7.8%). Decreasing of rCMR.02 was observed in the 

fron凶， sensorimotor,and parie凶 cortex（ー14.7%，・34.8%,and・28.5%)when compared 

with the control values, preoperatively. After operation, rCMR.02 was increasing in the 

frontal, sensorimotor, and pari~tal cortex +19.5%, +14.5%, and +17.7%, respectively. 

Discussion 

In Tohoku University, we experienced over one hundred cases of childhood 

Moyamoya disease, and we have been studing about hemodynamics10・15>, angiographical 

findings11・13>, and electroencephalography8> in order to clarify the pathophysiology of this 

disease. Although many therapeutic methods for Moyamoya disease have been reported, the 

optimal紅白.tmentis still controversial16・12>. Various problems in bypass surgery for children 

have been described: these are technical difficulty in operation due to small diameters of both 

STA and MCA, disadvantage of possible sacrifice of internal and external an制 omosisdue to 

temporary occlusion of blood flow or cut of ST A during operation of branches of MCA of出e

brain surface, difficulty in maintaining anesthsia for a long operation period, and moreover, 

thining or obstruction of ansatomosed blood vessels along with the recipient ~ery7·14·11·18>. 

On the otherhand, question whether an effective increase in cerebral blood flow in non-

bypass surgery have also been noted, such as revascularization is limi也dat the temporal 

region after EMS surgery, collateral channels are restricted within the territory of ST A after 

EDAS surgery. Inrecent literature, though EMS surgery with EDAS an both anteruir and 

posteruir branches of STA has been reported, it is still thought to be difficult to make enough 

collateral sirculation in the territoηr of ACA9・19>. Therefore, in order to secure collateral 

circulation in a wide r如 gein childhood Moyamoya diseぉeparticular in the fron凶 region,it 

is necessary to contact cortical branches of blood vessels of the brain surface in a range as 

wide as possible. According to the present method that consists of combination of various 

types of non-anastomotic bypass suegeries using temporal muscle, galea and dura, operation 

can be expanded to the brain surf ace wider than the r組 geof the operation field, and ischemia 

in the fron凶 lobecan be treated侃 silyby changing the site of craniotomy. In the present 

study, al though PET加 dacetazolamide SPECT revieled signific組 tlylow metabolism and 

cerebral blood flow in most cases in the territory of ACA, inf arcted foci oof the fron凶 lobe

were observed in only 2 out of 38 hemispheres on CT and MRI. Furthermore，出ereis no 

definite method to recognized the pr1配 eedingfrontal signs from routine neurological 

examinations. These m関 nthat findings on cerebral angiography, CT, MRI and clini伺 l

manifestations are not enough to predict the intellectual xhanges in childhood Moyamoya 
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disease which is known to be progress, through investigations including detection of cerebral 

blood flow and oxygen metabolism seem indispensible before and after an optimal operation. 

From the present data, the PET study showed that the rOEF was not always increased in each 

case and every region of the brain compared with the control value, and patterns or degrees 

varied individually. Furthermore, low values of rCBF and rCMR02 with a relatively high 

value of rOEF in the fron凶 regionwere found in all of the cases. These findings indicated 

that immediate blood supply is not always necessary to all of the hemispheres affected by 

Moyamoya disease, and slow circulation improving effect of the p陀 sentmethod using 

indirect anastomotic surgery may be superior to the direct anastomotic surgery since 

revascularization developed when the cerebral cortex was under misery perfusion. 
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Table 1. 

CASE I Symptons age onset stage infraction PET Operation Result 

sex right left date site 
convulsion 0.8m III none RFI'P 

LFI' conv.（・）
2 ~i~~｝IA 3 1 f III III RF RFI'P 

LFI'P TIA（・）
3 R TIA. Linf 3 l.2m IV II RP RFI'P 

IV III LFI'P TIA（・｝
4 LTIA 4 4m III III none RFI'P 

RTIA III III 94nll5 LFI' 

~tg~If TIA 9412123 LPTO TIA（・）
5 5 2f III III LPO LFI'P 

RFI'P TIA（・｝
6 LRIND 5 4f VI III RP RFI'P 

LFI'P TIA（・｝
7 RTIA 6 3m IV III none LFI'P 

LTIA IV III RFI'P TIA（・）
8 BltTIA 7 6f III none RFI'P 

8 IV II LFI'P TIA（・）
9 Bit TIA 7 4f II III none 94nl6 RFfP 

96nll0 LFfP TIA（・）
10 R VisBltTIA 8 Sf Ill III BltP, LO LFfP 

941314 RFfP 

~i~｛・・（）） － ｝ 11 convulsion 8 2f III III RFf 鮒 11/4 RFfP 
Bit TIA LFfP 

12 LTIAMotor 8 Sf II none RFf 
LTIA Sens 11 III II 94111/11 RPTO 
RTIA 11 III II 9516123 LFfP TIA（・）

13 I LTIA 9 Sf III III RP RFfP 
RTIA 9 Ill III LPTO r！~Ja・｝che（・）L frontalgia 11 IV III LFf 

14 BltTIA 9 Sf IV III none 94nll3 RFI'P 
9513/28 LFI'P TIA（・）

15 RTIA 9 9f III none LFI'P TIA（・｝

16 BltTIA 9 Sf III III none LFPf 
9411218 RFl'P Tn1!~ ・）17 Rinvolmove 12 10 f III none 8911112 LFI' m（・｝
93/1213 

18 LVis 12 f IV III RPO 9412125 RFfP 
9516114 LFfP TIA（・）

19 BltTIA 12 Sf III IV none 93/12/15 LFf 
951617 RFI'P TIA'-
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Table 2. 

Moyamoya patients Normal Children 

π1ean S.D. 打1ean S.D. 

Age 9.9 1.9 10 3.4 

Moyamoya patients Normal Children 

mean S.D. mean S.D. 

rCBF 

front剖 40.1 10.4 57.7 13.4 p<0.01 

sensorimotor 42.9 12.2 71.4 7.6 p<0.001 

parie恰1 42.2 14.3 74.1 8.6 p<0.001 

visual 63.6 20.9 55.5 9.5 n.s. 

thalamus 56.4 11.8 73.7 9.9 P<0.01 

(ml/min/10句）

Moyamoya patients Normal Children 

mean S.D. mean s.o. 

rCMR02 

frontal 3.71 1.01 4.35 0.84 n.s. 

sensorimotor 3.32 0.99 5.09 0.99 p<O.O 1 

parietal 3.58 1.27 5.01 0.37 p<0.01 

visual 4.94 1.61 4.51 1.28 n.s. 

thalamus 4.39 1.22 4.49 0.83 n.s. 

(ml/min/1 OOg) 

Moyamoya patients Normal Children 

開1ean S.D. mean S.D. 

rOEF 

frontal 0.54 0.05 0.47 0.13 n.s. 

sensorimotor 0.49 0.05 0.44 0.08 n.s. 

parietal 0.46 0.04 0.41 0.07 p<0.05 

visual 0.43 0.06 0.43 o.oe n.s. 

thalamus 0.43 0.05 0.45 0.08 n.s. 

Table3. 

preoperat1on postoperation 

『nean S.D. π1ean S.D. 

Age 10.3 2.1 10.7 2.1 

rCBF 

frontal 39.2 7.9 49.1 11.1 

sensorimotor 44.5 13.1 50.9 11.9 

pa同etal 44.3 16.8 50.1 8.9 

visual 67.1 19 62.8 11.3 

thalamus 60.1 12.6 59.9 11.8 

｛『nl/min/1OOg) 

rCMA02 

frontal 3.94 1.01 4.71 0.74 

sensorimotor 3.46 1.04 3.96 0.99 

parietal 3.89 1.36 4.58 1.04 

visual 5.24 1.21 5.33 1.55 

thalamus 5.37 1.39 5.37 1.39 

(ml/min/1 OOg) 

『OEF

frontal 0.53 0.03 0.49 0.02 p<0.01 

sensorimotor 0.51 0.04 0.47 0.03 p<0.05 

parietal 0.47 0.03 0.48 0.05 

visual 0.48 0.04 0.51 0.06 

thalamus 0.47 0.04 0.51 0.05 

151 



Cl官ICAnnual Report 1995 

IV. 5. Normal Distribution of the Muscarinic Cholinergic 
Receptors in the Human Brain Studied with 11C-Benztropine and 
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Introduction. 

We investigated regional distribution of出emuscarinic cholinergic receptor in the 

normal human brain with 11 C-benz佐opine(BZT)l) and positron emission tomography (PET) 

using Patlak plot2) slope calculation images and an anatomical standardization technique3>. 

Subjects and Methods. 

Seven normal male volunteers who gave an informed consent were involved in this 

study, which was approved by the Research Ethic Committee of Tohoku University. Their 

age ranged from 18 to 51 (m伺 n28.0 SD 12.0) years old. 

The subject was injected with 1 lC-BZT intravenously in extended bolus fashion. 

I吋ecteddose was 362.6-740.0MBq (9.8・20.0mCi), m伺 n680.8SD140.6MBq (m偲 n18.4 

SD 3.8mCi). Immediately after injection, we started dyn創nicPET scanning. The PET 

scanner used was the PT931/04 (CTI). The dynamic scan protocol was; 1 min. 2 scans, 2 

min. 4 scans, 5 min. 10 scans, 10 min. 1 scan, to凶 70min. or; 1 min. 2 scans, 2 min. 4 

scans, 5 min. 16 scans, total 90 min. After those dynamic scans, 2 static scans of 10 min. 

duration were added. And . serial frequent arterial blood sampling was also started 

simultaneously with 15 seconds interval at the beginning and gradually longer intervals later 

on the study. Analyses of plasma metabolites were also performed at selected time points (5, 

10, 30, and 60 minutes) using白eHPLC techniquel). And plasma time activity curves 

(TAC) of unmetabolized ligand 1were obtained. From these PET and TAC data, we obtained 

Patlak plot slope calculation images. In this analyses, we employed the Patlak plot data from 

5 to60minu旬sof the study. 
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Using the HBA (human brain剖las)system3>, the Patlak plot slope calculation image 

of each su均ectwas transformed into the shape of the standard brain. Mean and standard 

deviation (SD) calculation images were generated from those anatomically standardized 

images. On these mean and SD images, we placed regions of interest which were previously 

outlined on a恥侭imageof the standard brain. 

Results and Discussion. 

From those data, we found the highest receptor distribution in the striatum and 

occipital cortex, as well as high distribution in the frontal. parie凶， andtemporal cortices 

(Table 1), which were consistent with previous reports4.5). 

We also found considerable affinity in the cerebellar hemispheres. This fact may 

reflect出echaracteristics of the BZT, which has affinity both to the Ml and M2 muscarinc 

cholinergic receptorsl). The Ml type receptors are rich in the cerebral cortices, hippocampus, 

and basal ggl., while M2 receptors訂erich in the cerebellum and the brain stem6>. This may 

explain, at least partially, the affinity in the cerebellum. 

From these results, we concluded that anatomical standardization of PET receptor 

images with 11 C-BZT will be useful for delineating the physiological or pathological 

alterations of the muscarinic cholinergic receptor in the human brain. 
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Table 1. Regional incorporation ofl11C-BZf 

Regions Mean SD 

Brain stem pons 0.0861 0.0513 

Cerebellum rt cerebellum 0.0879 0.04見

It 0.0907 0.似63

Central gray rt puta.men 0.1052 0.0590 

It 0.1080 0.σ712 

rt caudate head 0.1030 0.0574 

It 0.1010 0.0576 

Frontal lobe rt inf. frontal 0.σ771 0.0543 

It 0.0779 0.0527 

rt mid. frontal 0.0986 0.0536 

It 0.1020 0.0458 

rt sup. frontal 0.仰150 0.0545 

It 0.0888 0.0627 

rt cingulate 0.0847 0.0454 

It 0.0865 0.0796 

Temporal lobe rt inf. temporal 0.1028 0.0435 

It 0.0945 0.0606 

rt mid. temporal 0.1001 0.0559 

It 0.0926 0.倒47

rt sup. temporal 0.0943 0.0587 

It 0.0842 0.0554 

rt hippocampus 0.1065 0.0576 

0.0993 0.0619 

Occipital lobe rt post occipital 0.098.3 0.0568 

It 0.1022 0.0586 

rt lat occipital 0.1001 0.0531 

It 0.0909 0.0569 

ml/g/min 
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Introduction 
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Onset of idiopathic Parkinson’s disease is. unusual in patients below the age 40. Quinn 

et al. studied 60 cases of parkinsonism with onset under the age of 40 and they proposed白at

cases of idiopathic Parkinson’s disease beginning between 21-40 y伺 m should be called 

“young onset Parkinson’s diseaseぺwhichdifferentiated from cases of parkinsonism 

beginning before age 20 years defined as juvenile parkinsonism because of clinical feat町郎

with familial casesn. There were several studies indicating some clinical features observed in 

young onset Parkinson’s disease such as more prominent dystonia，伺rliermanifestation of 

levodopa-related dyskinesia and higher frequency of levodopa-dose-related motor fluctuations 

白anseen in idiopathic Parkinson’s diseぉeof late onsef>. 

Positron emission tomography (P町） using 6-(18円fluorodopa(FDOPA) is 組

efficient method of studying the nigrostriatal dopaminergic system in living subjects3>. 

Intravenously i吋ectedFlコOPAthat crosses the blood-brain-barrier, is decarboxylated to 

fluorodopamine by L-aromatic amino acid dec訂boxyIぉe,and remains in the nerve terminals 

during the scanning. Recent PET studies revealed striatal uptake of FDOPA was reduced in 

p訂・kinsonismcaused by loss of nigros甘iatalneurons4>. 

In the present study, we measured FDOPA metabolism in. patients with early and la低

onset Parkinson’s disease using PET and analyzed the correlations between presynaptic 

do戸minergicfunction in the caudate nucleus and the pu旬men,and individual clini伺 l

symptoms of the patien臼．
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Subjects and methods 

SUBJECTS 

We divided patients with parkinsonism into two groups focusing on onset age of 

Parkinson’s disease (PD), such'as early onset PD (EOPD) and late onset PD (LOPD) groups. 

EOPD group consis飽dof 10 patients, 4 men and 6 women, who were diagnosed PD by a 

neurologist before 40 years. The age of onset of their initial Parkinson’s symptoms was 

ranged from 24 to 39 years (mean±SD, 30.6±6.0). The mean duration of the disease was 

7.5 years. Nine patients we陀 tr，伺tedwith levodopa, of which 2 patients also received a D2 

agonist (bromocriptine) and an anticholinergic agent (trihexyphenidyl); 5 patients received 

trihexyphenidyt 1 patient received bromocriptine. One patient was treated with 

trihexyphenidyl. LOPD group consisted of 10 patients, 7 men叩 d3 women, who were 

diagnosed PD by a neurologist after 40 years. The age of onset of their initial symptoms was 

r釦 gedfrom 46 to 60 years (SZ.9±4.5). The m伺 nduration of the diseぉewas 7.8 years. 

Eight patients were treated with levodopa, of which 3 patients also received a D2 agonist 

(bromocriptine) and an anticholinergic agent (trihexyphenidyl); 3 patients received 

trihexyphenidyl; 1 patient received bromocriptine. One patient was treated with bromocriptine 

and trihexyphenidyl. One patient was treated with trihexyphenidyl. 

Magnetic resonance imaging (MRI) and/or computed tomography (CT) scans of the 

brain, obtained in all patients were normal. No dementia was detected on fonnal 

neuropsychological testing. All patien臼 wererated on overall disease severity rated from 

grade I to IV according to Hoehn and Y ahr5>. The degree of main symptoms in ciinical rating 

for bradykinesia, limb rigidity :and tremor was scored from 0 to 3 (0, absent; 1, mild; 2, 

moderate; 3, severe). Clinical assessment did not reveal any pyramidal, cerebellar or 

oculomotor disturbances in all patien臼.The clinical profiles of the studied patien臼 ofEOPD 

and LOPD groups are summarized in Table 1. The drug甘eatmentwas stopped at least 24 h 

before the PET study. 

Two control groups consisted of 10 normal healthy volunteers with an age range of 

29-40 y問問（32.4±7.0),and other 10 volunteers with an age of 46・77y悶悶（60.0±10.6),

without a history of medical 1 illness, neurological diseases, developmen旬ldisorders or 

subs刷 ceabuse. Control suojects undetwent a compl飽 neurologicalexamination and a 

neuropsychological evaluation before PET study. MRI and/or CT scans of the brain, 

obtained in the control groups, were normal. The project was approved by the Research 

Ethics Commit低eof the Tohoku University, School of Medicine. All subjec包 gave恥 ir

writ蜘 informedconsent after a full explanation of the procedure. 

POSITRON E加fiSSIONTOMOGRAPHY 

FDOPA scans were performed on a scanner, PT-931 (CTI Inc., USA}, at血e

Cyclotron and Radioisotope Center, Tohoku University, Sendai, Japan. Patients and 

subjec包 we陀 positionedin the scanner, with the orbitomeatal (OM) line戸rallelto由e
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detector rings according to the brain slices by MRI. A cross of light was projec胞donto 

marks on the subjects’heads from three dimensions and the heads were positioned at 40 mm 

above and parallel to the OM line. All studies were conducted in a quiet, semi-darkened room 

with minimal background noise. The subjects’eyes were open and their ears were 

unplugged. 

A 15・mintransmission scan was collected using a 68Ge-68Ga external ring source. 

FDOPA was synthesized by the method described by Adam et al. with a radiochemical purity 

of more than 99%6>. After an intravenous bolus in ection of FDOPA (2.5 -8.3 mCi or 14.9・

49.5 nmol) into the subjects, positron emission scan was carried out using PT-931 with an 8 

mm axial and transaxial resolution. A series of 5 min emission scans was performed over 60 

min and emission data were simultaneously collected from seven contiguous以凶 sections,

each about 6 mm in thickness from OM+ 66 to OM+ 22 mm 

DATA ANALYSIS 

After data collection, the latter six contiguous images of the same brain slice scanned 

between 30 and 60 min after administration of FDOPA were added and composite images 

were obtained in order to improve the contrast between dopaminergic and non-dopaminergic 

brain regions to aid the definition of anatomical陀gionsof interest (ROls). In each case, two 

different pairs of images, the PET images and the imag郎 ob凶nedby MR, were registered 

and matched with each other using image scaling to bring the disparate pairs of image data 

into congruence at the same brain slices according to the previous studyη. To ascertain the 

anatomical position of each brain structure, the position of ROis were manually defined using 

出eoverlapped images, e.i., PET images and MR images of the 則前 brain slices. Influx 

cons tan臼（Kimin・1 value) were calculated for the caudate nucleus and the pu旬menseparately 

using a multiple graphical analysis method with cerebellar tissue input function8.9>. The Ki 

value is a rate constant that reflects uptake and decarboxylation of FDOPA into [18F]dopamine 

and its metabolites by the nigrostriatal nerve terminals. 

The average values of influx rate constants within each structure were presented as 

means±SD. The Mann-Whitney U-test was used to comp訂ethe Ki values in each structure 

of the brain between patients and controls with p<O.O 1 considered to be statistically 

significant. 

Results 

Representative images of FDOPA influx rate ob国nedby graphical analysis at the 

level of the caudate nucleus and the putamen from age matched control group and from the 

patien臼withEOPD組 dLOPD訂eshown in Fig. 1. FDOPA and its labeled metabolites were 

highly concentrated in the caudate nucleus and the putamen of both hemispheres of the normal 

control. On the contrary, in the patients with EOPD and LOPD, FDOPA up旬kewas 
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markedly reduced both in the caudate nucleus and the pu旬men.The m伺 ninflux rate cons旬nt

values(Ki) were significantly reduced in the caudate nucleus and the pu阻menof the patien胞

with EOPD and LOPD compared with age matched control groups (p<0.01), respectively, as 

shown in Table 2 and Fig 2. There were significant negative correlations between Ki values 

in the caudate nucleus (r=-0.67, p=0.0024) and the putamen (r＝ー0.67,p=0.0014），組d

duration of disease in LOPD group compared with EOPD group (Fig. 3B). Similar negative 

relationships between Ki value8 and clinical stages by Hoehn and Yahr and degrees of main 

clinical symptoms (bradykinesia, tremor and rigidity) were more markedly seen in LOPD 

group出anin EOPD group (Figs. 3A and 4). 

Discussion 

We divided the patients with PD into two groups, EOPD and LOPD, from the 

viewpoint of onset age of parkinsonism in order to compare the relationships between 

presynaptic dopaminergic function and their clinical features in the groups. Selective 

degeneration of dopaminergic neurons within the pars compac旬 ofthe substantia nigra with a 

resultant reduction in striatal dopamine content is the critical pathological process in 

PD10・11・12>. We studied presynaptic dopaminergic function in the striatum by measuring 

FDOPA uptakes with PET. The uptake rate constant of FDOPA is detennined by the transfer 

of FDOPA across the blood-brain-barrier, its decarboxylation to fluorodopamine, and the 

retention of fluorodopamine in nerve terminals of the striatum13'14>. Therefore，。1eKi value 

relates to the rate of exogenous dopa metabolism but not reflects the rate of endogenous 

dopamine synthesis because of tyrosine hydroxylase is regulatedぉ arate-limiting enz戸nes.9）・

PET study using FDOPA is dependent on the structural as well as the biochemical integrity of 

the nigrostriatal pathway. 
In the present study, reduction of Ki value was more closely related to pathogenesis 

of LOPD group出anEOPD group. Negative relationships between Ki values and clinical 

stages by Hohn and Y ahr and degrees of main clinical symptoms (bradykinesia, tremor and 

rigidity) were more markedly seen in LOPD group than in EOPD group. The clinical severity 

was dependent on reduced FDOPA uptake rate in the striatum and presynaptic dopaminergic 

dysfunction reflected白eclinical features in LOPD. On the other hand, in EOPD group, there 

was dissociation between Ki values and clinical features of parkinsonism. Similar negative 

relationship between Ki values and degree of tremor was revealed and no significant 

relationships between Ki values and other clinical symptoms were seen. In some cases (cases 

1 and 7) of EOPD group, Ki values were markedly reduced, though their clinical symptoms 

were quite mild with minimum drug treatment. FDOPA influx rate in the presynaptic sites of 

the striatum might not always well reflected individual clinical measures in such cases. In 

other cases (cases 3 and 4) of1 EOPD group, much smaller doses were needed for treatment 

compared with similar stage of：白epatient (case 11) of LOPD. 
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Moreover, recent PET studies revealed postsynaptic dopamine receptors function was 

also involved in PD15> and striatal D2-receptor binding was increased in untreated patients with 

PD16>. However, there were not significant differences in 01-receptor binding between 

untrea包dparkinsonian patients and controls17>. Rinne et al.問portedthat dopamine 02-

receptor supersensitivity was observed in the striatum of untreated patients with EOPD18>. 

Postsynaptic denervation supersensitivity occurred with dopamine D2-receptors, although this 

was less evident with D1-receptors19・20・21). We speculate that a series of compensatory 

mechanisms within dopaminergic system may facilitate to maintain clinical function in EOPD 

compared with LOPD in the presence of persisted dopamine loss and up-regulation of 

dopamine民ceptorbinding may modify the degree of main clinical features and disease 

severity of EOPD. Although some elements of the compensatory mechanism of 

dopaminergic treatment may appear in patients with EOPD, which may be related to the 

dopamine receptor supersensitivity2°. On the other hand, motor fluctuations may appear in 

chronic・ lly treated patients with PD due to progressive loss of dopaminergic neurons, which 

may cause reduced compens瓜orycapacity in the dopaminergic system22・23>. 

In conclusion, the present study indicates that the absence of the correlations between 

S甘ia凶 FDOPAuptake and clinical disease severity in the EOPD group is due to more efficient 

regulatory mechanisms with compensating postsynaptic receptor function in the younger 

patients. We speculate thus compensatory functional deficits due to the dopamine loss in the 

striatum may be modified disease severity and the degrees of main clinical symptoms of 

EOPDgroup. 
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H&Y,Hoehn組 dYahr; BK, Bradykinesia; T, Tremor; R, Rigidity. 
Clinical scores: 0, absent; 1, mild; 2, moderate; 3, severe. 
Medications are signified numerically; 1, levodopa; 2, D2 agonist (bromocriptine); 3, anticholinergic drugs 
(trihexyphenidyl) 

Table 2. [18町Dopauptake as measured by positron emission tomography in normal control and patients with 

early and late onset of Pat悩nson’sdisease 

Putamen (Ki) 

0.0164 ± 0.0044 

Caudate Nucleus (Ki) 

0.0176 ± 0.0039 。、J=lO)Young control 

0.0194土0.00380.0197 ± 0.0034 

0.0132 ± 0.0031料

。、J=lO)Aged control 

0.0093 ± 0.0024料。、J=lO)Early onset of PD 

0.0095土0.0026**
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(N=lO) 

Values訂egiven in mean± SD. Ki= [18F]Dopa influx constant (min.1). 

N: number of subjects. **:p<0.01 si伊ificantcompared wi血age-matched
con位ulsusing the Mann-Whitney U-test. 

0.0110 ± 0.0040** Late onset of PD 



Fig. 1. Representative appearances of brain images of FDOPA uptake (upper) and FDOPA influx rate (lower) 

at the level of the striatum. FDOPA uptake images we印 add吋 from30 to 60 min after FDOPA injection. 

FDOPA intlux rate was回 lculateclusing graphieal analysis by Patlak et al. A: young normal control; B, C: 

early onset Parkinson’s disease (B: case 3, C: ease 7); D: aged nonnal control; E, F: late onset Parkinson’s 

disease (E: case 11, F: case 18). 
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IV. 7. PET Study of Striatal Fluorodopa Uptake and Dopamine 
D2 Receptor Binding in a Patient with Juvenile Par~insonism 

Tanji H., Nagasawa H. *. Onodera J., Takase S. **. Funaki Y. ***, Iwata R. ***, 
ltoh M. ***. /do T. ***, and ltoyama Y. 

Introduction 

Department of Neurology, Tohoku University School of Medicine 
Department of Neurology, Miyagi National Hospital* 

Department of Neurology, Kolman Hospital料

Cyclotron and Radioisotope Ce1lter, Tohoku University本本本

Juvenile parkinsonism (JP), dopa-responsive dystonia (DRD) and hereditary 

progressive dystonia with marked diurnal fluctuation (HPD) are all m勾orsyndromes which 

are characterized both by parkinsonism and dystonia in the early decades of life and by good 

response to L-dopa treatment. Although the clinical entity and pathomechanisin of the 

disorder and their relationship have been discussed in the p部 tat great length, it still difficult 

to differentiate clinically JP from DRD or HPD. Positron emission tomographic (PET) study 

using [18F]6・fluorodopa(18FDOPA) has been able to provide efficient information on the pre-

synaptic function of nigrostriatal dopaminergic neurons in patients with parkinsonism or 

dystonia1・10>. Furthermore, it is known that the PET study of the post-synaptic D2 receptor 

function using 11C-YM・09151・2 (11C-YM), N-[(2RS, 3RS）ーl-benzyl-2・methyl-3-

pyrrolidinyl]-5・chloro・2・methoxy-4-methylaminobenzamide,a highly selective antagonist to 

the brain dopamine D2 receptor, can be very informative 11・14>,as regards the pathomechanism 

of these L-dopa responsive disorders. Of particular importance is information on striatal 

fluorodopa uptake and dopamine D2 receptor binding. We report here on the neuroimaging 

data of these, and on the cerebral glucose metabolism, in a patient with JP. 

Patient and Methods 

PATIENT 

A 17・year-oldgirl had an uneventful birth and normal growth until 7 years of age. 

There was no significant family history except consanguinity on her mother『sside. At age 8, 

she noted abnomial gait; she always walked on tiptoe except when stationary. Her gait 

became gradually worse, and she developed a tendency to fall o¥'er backwards. At age 9, she 

received treatment with L-dqpa and muscle relaxants. After medicati6n, her general cc:>ndition 

improved appreciably~ and she became able to walk more comfortably.-Unfortunately,・ her 

g泊tbecame gradually ¥Vorse again, particularly when she walked long distance. At age 12, 
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she complaine4 of clumsiness in upper limbs， 初dthese symptoms 御舟dto fluctuate. At 

age 15, she had to旬keg伺 terdose of L-dopa，組dinvoluntary movement began to appe訂 in

her legs. 

On admission, she was a well-developed and well-nourished girl, 152 cm in height 

組 d45 kg in weight. She was alert and well-oriented. Neurological examination revealed 

marked北in悶 aand rigidity in all four limbs，白戸cially由eupper ones. There wぉ mild

postural町emorin the upper limbs and prominent dystonia in the lower. These findings 

almost improved by L-dopa町eatinent Although diurnal fluctuation of出esymptoms was 

uncertain, marked improvement was seen after sleep. Al血oughwearing-off and on-off 

phenomena were also uncertain, involuntary movement suspected dopa-induced dyskinesia 

wぉ seenin her legs. Based on these clinical features, she was diagnosed as JP with 

dystonia. 

Routine blood tes包andcerebrospinal fluid examination were normal, as were serum 

αruloplasmin and copper levels. Magnetic resonance imaging (MRI) was normal in the 

cerebral hemispheres, basal ganglia, cerebellum and brainstem. 

PET STUDIES AND DATA ANALYSIS 

PET studies of fluorodopa uptake and glucose metabolism were performed with a 

model P下931s侃 nner(CTI Inc., USA), and the study of do開mineD2 receptor was 

performed with a model SET-2400W scanner (Shim昭 u,Japan), at the Cyclotron and 

Radioisotope Center, Tohoku University, Sendai, Japan. These studies were approved by 

the Research Ethics Committee of Tohoku University School of Medicine. Informed consent 

was obtained from the patient and her p訂 ents. The patient’s head was positioned in the 

scanner with her eyes closed, and the whole procedure was performed in a semi-darkened 

room with minimal backgroqnd noise. Before the emission scan, a 15・min68Ge-68Ga 

transmission scan was performed. 

In the study of fluorodopa uptake, 18FDOPA was synthesized as descrived by Adam 

et aI15> with a radiochemical purity of mo問自制99%.After an intravenous bolus injection of 

18FDOPA (7.7 mCi) into the p~tient, a series of 5 min emission scans was performed over 60 

min, and emission data were simultaneously collected from seven contiguous以 ialsections, 

each about 6 mm in thickness from orbitomeatal (OM) line+ 66 to OM + 22 mm. After da包

collection, the latter six continuous images of the same brain slices, scanned between 30組 d

60 min after administration of 18FDOPA, were added and composite images were obtained in 

order to improve出econtrast between dopaminergic and nondopaminergic brain regions, in 

order to aid白edefinition o~ anatomical regions of interest according to the method of 

Nagasawa et alの. Moreover，由e18FDOPA up回kerate constant was calculated pixel-by-pixel 

utilizing血ePatlak graphical analysis method16・11> to generate由e伊rametricimage for the 

image plane白athad血ehighest con回 stbetween the striatum and background. In this 
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analysis, the input function wぉ白edynamic image pixel values of the cerebellumぉ a

reference tissue region which was devoid of do伊minergicterminals. 

In the study of do伊mineD2 receptor, 11C-YM was synthesized according to the 

method of Hatano et al13). After an intravenous bolus i吋ectionof 11C-YM (3.06 mCi), 

twenty emission scans were performed in series over 90 min using a SET-2400W. After da旬

collection, the latもerfive continuous images of the S租nebrain slices scanned between 60 and 

90 min after administration of 11C-YM were added and composite images were obtained in 

order to improve the contrast between dopaminergic and nondopaminergic brain regions. 

In the study of glucose metabolism, 18FDG was synthesized according to the method 

of ldo et al18>. 18FDG (5.3 mCi) was injected as an intravenous bolus. 30 to 60 min after the 

i吋ection,a series of three emission scans, each of 10 min duration, was performed at 

standard poin臼 16,63 and 110 mm above and parallel to the OM line. Each emission da旬

Wぉ simultaneouslycollected from seven contiguous axial sections. A total of 21 slices 

parallel to the OM line with a slice thickness of 6 mm were analyzed. Twenty blood samples 

were collected from the brachia!紅白ryduring the study, and they were immediately 

centrifuged, and the arterial plasma radioactivities of 18FDG were measured with a cross-

calibrated well-counter. The cerebral metabolic rate for glucose (CMRGlc) was calculated 

using the operational句削ionderived by Phelps et aI19> and Huang et a120> from白atof 

Sokoloff et al21). 

Results 

PET images of three contiguous axial sections added between 30 and 60 min after 

administration of 18FDOPA and images of 18FDOPA up阻kerate constant, of a young normal 

SU句ect(33・year-oldmale）訂eshown in Fig 1 A and B. High concentration of 18FDOPA and 

its labeled metabolites and high value of 18FDOPA uptake rate constant in the bilateral s出a包

are clearly visible. On the other hand, for this patient diagnosed as JP, 18FDOPA 

accumulation and its up阻kerate constant were markedly decreased in the pu泊menon both 

hemispheres. 18FDOPA up阻kewas preserved only in the bilateral lower parts of the caudate 

nucleus. (Fig 2 A組 dB). 

There W鎚 ahigh accumulation of 11C-YM in the caudate nucleus and the pu阻menon 

both hemispheres (Fig 3), which indica胞dno decr1伺 seof dopamine D2 receptor binding in 

the striatum of this patient. 

The er..，依GlcWぉ almostnormal in the whole brain including both basal ganglia 

without asymmetry in this patient (Fig 4). 

Discussion 

The clinical entities or nosological concep臼ofJP, DRD and HPD and the relationship 

of these disorders have been co附 oversia11・10・22羽＞. Yokoc悩21>sugges臼 that”dopa-respansive

syndrome”may be divided into two groups; one is ”dopa-responsive disease characterized by 
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dystonia”cμid the other is. "dopa-responsive disease charac民自，edby parkinsonism ・”． The 

former included DRD叩 dHPD釦 d白elatter included JP and Parkinson’s disease. 

However, there are some difficulties in clinically differentiating JP from DRD or HPD. 

In comparison with Parkinson’s disease, JP is clinically characterized as follows: 

there is a much higher familial incidence; disease progression is much slower; more cases lack 

tremor, which, if it exists, o<;:curs mostly in posture or in action, but not at rest; dystonic 

movements訂eobserved more often, es戸ciallyin cases of onset at an回 rlyage; ・more 

effective responses to L -dop＂＇訂eobserved; adverse eff ec臼suchas wearing-off phenomenon 

and dopa-induced dyskinesia sometimes appe訂 inthe extremities21> 

The present cぉehas 1 no f~ily history of parkinsonism. Initially she noted gait 

disturbance due to dystonia of the legs at 8 years of age, and its symptoms were slowly 

progressive and developed parkinsonism with postural tremor. The clinical effect of L-dopa 

was remarkable. Wearing~off or on-off phenomenon was not obviously observed. 

However, dopa-induced dyskinesia was seen in the legs. Diurnal fluctuation wぉ uncertain,

but her symptoms improved after sleep. Based on these clinical features, JP is probably出e

most appropriaie as diagnosis. However, it remains difficult to differentiate her condition 

clearly from DRD or HPD. 

There have been several tepo口son PETstudies using 18FDOPA in patients with ORD 

6-8・10>. Nygaard et aI7>, Takahぉhiet aJ8> and Snow et al10> reported normal stria泊l18FDOPA 

up匂kein DRD patients. Sawle et al6> described that modest reduction of 18FDOPA up旬ke

was observed in the striatum of 6 patien胞withtypical DRD, but such a finding was not as 

evident as that observed in Parkinson’s disease. Okada et a19> reported a Japanese patient with 

HPD, so叫 led”Segawa'sdisease", stuqied by. PET using 18FDOPA. They observed no 

significant difference in-18FDOPA uptake into the striatum of the patient com開redwith age 

matched control~.α1 the ot1ter hand, Snow et a110> rep<;>rted mark~d decrease of 18FDOPA 

uptake "into the striatum in three patients with JP who were under 20 years of age. 

The PET stu~y usin~ 18FDOPA in the p問sentC蹴 showsmarked decrease of 

18FDOPA uptake into both pu旬menand caudate nucleus compared with the control case. 

This finding is different from those in patients with dystonia syndromes such as DRD and 

HPD, and it is rather similar to Parkinson’s disease. Therefore, we diagnosed this patientぉ

JP with conviction on出ebasis of her clini切 lfeatures and theresult of 18FDOPA PET study. 

日uorodopa is metabolised to fl uorodopamine by L-aromatic amino acid 

decarboxylase，叩dthis enzyme is loca舵dprimarily within the nigrostriatal nerve endings in 

the striatum. We consider that the accumulation of 18FDOPA in striatum provides如 indexof 

the pre-synaptic function of the dopaminergic pathway. The decrease of the striatal 18FDOPA 

uptake in this patient may indicate a defect in the decarboxylation, disturbance of vesicular 

uptake ~d decr1伺 sedcapasity1 for storage of 18FDOPA. It may also indicate neuronal loss in 

由esubstantianigra, findings ~hich.may be similar to.pathogenesis observed in Parkinson's 

disease. 
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On恥 otherhand, there have been few reports about dopamine 02 receptor in JP. In 

Parkinson『sdisease, it has been described that striatal dopamine 02 receptor binding wぉ

raised in untrea包dpatien胞 atan回 rlystage, but reduced in ~hronically tr1伺 .tedpatien臼 with

fluctuating response to L-dopa at an advanced stage, by PET studies29・・34>or post-mor除m

studies35・36>. In this patient with JP, uC-YM was highly accumulated in the striatum, which 

indicates no decr伺 seof dopamine 02 receptor binding. It suggests that the post-synaptic 02 

receptor function in the striatum is almost normal in this patient with JP. 

Also there have been few reports about cerebral glucose metabolism in JP. However, 

in Parkinson's disease, some PET studies37'38> have demonstrated the diffuse and mild 

decr1関 seof cerebral glucose metabolism, whereas others39> have described these as normal in 

the patient without dementia. Especially in Parkinson’s diseぉewith dementia, severe 

hypometabolism in the temporoparietal cortex, which is similar to白瓜 seenin Alzheimer's 

disease, has also been d~cribed37·38>. In this patient with JP, the CMRGlc did not decr1伺 sein

the whole cerebrum. This suggests that there is no marked mo中hologicalchanges with loss 

of synapses due to decreased numbers of cortical neurons or degeneration of axons. 

A PET study measuring striatal fluorodopa uptake is essential for the diagnosis of JP, 

as well as for distinguishing from ORD and HPO. This is the first report to have performed 

three types of PET study, involving fluorodopa uptake, dopamine 02 receptor binding and 

glucose metabolism, in a JP patient. Such studies can provide efficient information about the 

pathomechanism of JP. 
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Figure I. PET images of three contiguous axial sections add吋 between30 and 60 min after administration of 
18FDOPA (A). and parametric images (Patlak Image) of the 18FDOPA uptake rate constant但）， of a young 

normal subject. High concentration of 18FDOPA ru1d its labeled metabolites and high value of 18FDOPA 

uptake rate constant in the bilateral striata were clearly visible. 
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Figure 2. PET images ol・山司eecontiguous axial sections a似吋between30 and 60 min after administration of 

18FDOPA (A), and parameuic images (Patlak lmag巴） of the 18FDOPA uptake rate constant (B), of this patient 

with JP. 18FDOPA accrnnulation加 dits uptake rate constant were markedly decreased in the putamen on both 

hemispheres. 18FDOPA uptake was preserved only in the bilateral lower parts of the caudate nucleus. 

Figure 3. Aligned MR  images, PET images added between 60 and 90 min aft巴radministration of 11C-YM and 

the o、1erlappcdimagesat the same brain slices, of this patient with JP. 11C-YM was highly accrnnulated in 

the caudate nucleus and the putamen on both hemispheres, which indicated no deer回 scof dopamine D2 

receptor binding in the striatum. 
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Figure ..+. PET images of cerebral metabolic rate for glucose (CivlRGlc) of this patient with JP. TI1c 

CM！ミGlcwas almost normal in the whole cerebmm including both basal ganglia without cWTerence between 

1ight and left. 
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Rebeiz et al. described the clini回 iand pathological findings in three patients who 

presented in la除 middleage with variable combinations of an ぉymmetricakinetic-rigid 

syndrome, apr.以 ia, supranucl伺 r palsy and frontal lobe sign, and they called 

“∞目icodentatonigraldegeneration with neuronal achromasia”as a novel degenerative 

diseasen. Thereafter, Gibb et al. reported three patients and reviewed the clinical and 

pathological features of corticobぉal degeneration2>. The diagnosis of corticobasal 

degeneration can be predicted during life on the basis of clini田 lf回旬resreferable to both 

cerebral cortical and basal ganglionic dysfunctions, but a definitive diagnosis requires 

confirmation by autopsy3>. However, recent studies using positron emission tomography 

(PEf) indicated that distinctive supportive findings for the diagnosis could be obtained with 

this technique的. In the present study, we measured regional glucose utilization and striatal 

['8F]dopa uptake in clinically diagnosed cases of corticobasal degeneration and we indicated 

that this unique combination of PET studies could provide efficient information to 

differentiate them from other degenerative diseases with cognitive and movement disorders. 

Subjects and methods 

SUBJECTS 

We studied 6 patients, 2 men and 4 women, who were clinically diagnosed 

corticobasal degeneration by neurologists. The age of onset of their initial symptoms was 

ranged from 57 to 68 y伺路（m伺 n± SD, 60.8 ± 2.5). The main cliniαl pictures of the 

patien胞訂ecomposed of distinctive symptoms of akinetic-rigid symdrome, apra泊aand other 
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cerebral dysfunction, those which are compared with previous reports1・6>. There were no 

effective response to levodopa therapy against p訂kinsonismin all patients. The clinical 

profiles of the studied patients are summarized in Table I. 

POSITRON E恥但SSIONTOMOGRAPHY 

PET study was petformed with a model PT必 Iscanner (CTI Inc., USA) at the 

Cyclotron and Radioisotope Center, Tohoku University, Send出， Japan. The pr吋ectwas 

approved by the Research Ethics Committee of the Tohoku University, School of Medicine. 

The control group consisted of healthy normal volunteers with an age range 49・74y回 rs

(mean±SD, 63.5±9.0), without a history of recent medical illness, neurological diseases, 

developmental disorders or substance abuse. Control subjec臼 underwenta compl的

neurological examination and neuropsychological evaluation before PET and their magnetic 

resonance imaging (MRI) findings of the brain were normal. All su句ectsgave their written 

informed consent. 

Cerebral metabolic rate for glucose (CMRGlc) was measured in all six patien胞andsix 

normal control subjects. Before the study, a short 21・gaugecannula was placed in a brachial 

or a radial 制：eryunder local anesthesia for arterial blood sampling. Each su句ectwas then 

positioned in the scanner, with the orbitomeatal (OM) line開rallelto the detector rings 

according to the brain slices by MRI. A cross of light was p吋ectedonto marks on the 

subject’s head from three dimensions, and heads were set at the standard poin臼of16, 63組 d

110 mm above and p副司llelto, the OM line. All studies we問 conductedin a quiet, semi-

darkened room with minimal background noise. The subjects’eyes W釘eopen and their ears 

were unplugged. 

Before the emission scanning, a 20・mintransmission scan using a 68Ge-68Ga external 

ring source W槌 performedto coπect for tissue attenuation. Three to 5 mCi of 2・ps円fluoro・

2-deoxy-D-glucose (18FDG) was 1吋ectedas an intravenous bolus. Thirty to 60 min after the 

i吋ection,a series of three emission scans was performed by using a PT-931 with an 8 mm 

獄 ialand transaxial resolution at the center of伺 .chsぬndardpoint. Each emission datum wぉ

simultaneously collected from seven contiguous axial sections. A to句lof 21 slices par百llelto 

the OM line with a伽 thi伽 ssof 6 mm, encompassing vi刷 lythe whole brain, were 

analyzed. Twenty blood samJ?les were collected from the arterial cannula according to出e

following protocol: from i吋ectionto 2 min, one sample every 20 seconds, then samples at 

2.5, 3, 4, 5, 7.5, 10, 15, 20, 25, 40, 45, 50 and 60 min after the intravenous adminis仕組on

of叩DO. The blood samples we陀 immediately centrifuged, and ar句rial plasma 

radioactivities of 18FDG were measured with a cross-calibrated well counter. The arterial 

plasma glucose concentrations were measured every IO min during the study. 
On a separate occasion, in the 4 patients and 10 normal control subjects, dop創nine

metabolism was measured using (18F]・6・fluorodopa(FDOPA) in order to assess出e

presynaptic functional integrity of the nigrostriatal system. FDOPA was synthesized by 
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method by Adam et al. with a radiochemical purity of more血an99%8>. After a 15-min 

transmission scan, FDOPA (2.5-8.3 mCi or 14.9-49.5 nmol) was intravenously 何回tedinto 

the subjec包 anddynamic emission scans, each of 5 min dur~tion, were pen onned over 60 

min. Emission data were simultaneously collected from seven contiguous axial sections, each 

of about 6 mm in thickness from OM+ 66 to OM+ 22 mm. 

DATA ANALYSIS 

After data collection, the latもersix contiguous images of the s担nebrain slice scanned 

between 30 and 60 min after administration of FDOPA were added and composi隠 images

were obtained in order to improve由econtrast between dop剖ninergicand non-doparninergic 

brain regions to泊dthe definition of anatomical regions of interest (ROls）”. In each case, two 

different pairs of images, the PET images and the images obtained by MR, were registered 

and matched with each other using image scaling to bring the disparate pairs of image data 

into congruence at白eS制nebrain slices according to the previous study9>. To ascertain the 

anatomical position of each brain structure, the position of ROis were manually defined using 

the overlapped images, e.i., PET images and恥1Rimages of the same brain slices. Influx 

constants (Ki min-1 value) were calculated for the caudate nucleus and the putamen separately 

using a multiple graphical analysis method with cerebellar tissue input function1o.u>. The Ki 

value is a rate constant that reflects uptake and decarboxylation of FDOPA into [18円dopamine

and its metabolites by出enigrostriatal nerve terminals. 

To obtain values of regional CMRGlc, a to凶 of22 ROls in each hemisphere were 

placed on these overlapped images by reference to n~uroanatomical atlases12・13> as reported 

previously14>. CMRGlc was calculated using the operational equation derived by Phelps et 

al. 15> and Huang et al. 16> from白atof Sokoloff et aim. Values of the rate cons匂n胞 andlumped 

cons旬ntwere those proposed by Phelps et a1'5>. The average values of CMR.Glc within each 

structure訂epresentedぉ means± SD. The Mann-Whitney U-test was used to compare the 

values of CMRGlc in each structure of the brain between patients and controls with p<0.05 

and p<0.01 considered to be statistically significant. 

Results 

Representative images obtained by 18FDG PET and magnetic resonance at the levels of 

coπ・esponding brain slices from the patients are shown in Fig. 1. Values of regional CMRGlc 

in each brain structure of six normal controls and six patients with corticobasal degeneration 

訂 esummarized in Table 2. The most prominent changes of CMRGlc in the patien胞 were

demonstrated with an as戸nmetryin the p如e凶 cortex,.the thalamus, the caudate nucleus and 

thepu旬mencontra.lateral to the dominantly affected symptoms. The reduction of C恥仮Glcin 

these regions was significant compared with normal control values in the corresponding 

regions. In the cerebral cortex, regional CMRGlc was variably decreased in fron凶， parie・凶
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and胞mporalcortices relating to the clinical symptoms in the individual patient with relative 

sparing bilateral occipi凶 cortexincluding prim創yand associative visual訂伺s.In the parie凶

∞巾xof the dominantly aff ec飽dhemisphere, regional CMRGlc decreased in the prim訂 y

motor and sensory cortex and the lateral parietal cortex with variable involvement of the 

叫jacentcentrum semiovale, and these lesions could be responsible for the referable clini伺 l

symptoms, such as motor apr，制a.There were no significant abnormalities of CMRGlc in the 

brainstem and the cerebellum of the patients. 

The images obtained by MR and FDOPA PET at the level of the caudate nucleus and 

the putamen, and the overlapped image from a normal subject and the patien包訂eshown in 

Fig. 2. The values of rate constant of FDOPA uptake in the caudate nucleus and the pu旬men

訂egiven in Table 3. In the normal control subjects, the accumulation of [18F] activity wぉ

uniformly concentra凶 inthe caud蹴 nucleusand the pu阻menon both hemispheres. 

However, in patients 1, 3 and 4, FDOPA uptake wぉ severelyimpaired in由e伺 udatenucleus 

and the pu阻mencontralateral to出eclinically most severely affec包dside, while in patient 2, 

FDOPA uptake was decreased with selective impairment of the left putamen, comp訂 edwith 

normal control group. 

Discussion 

The main cliniαl pictures of the patients訂 ecomposed of distinctive symptoms of 

akinetic-rigid syndrome, apraxia and other cerebral dysfunction, those which訂ecomp訂・eel

with previous reports1・6>. The, patien臼 2and 5 were less affected with akinesia, but more 

affected with rigidity and mild町emorof their limbs. By the time of their PET studies, all 

patients had developed signs c;>f akinetic-rigid syndrome and all had apraxia of one or mo問

limbs. Some patients had more severely affected with cerebral symptoms, mild dementia in 

the patient 4 and modera低 degreeof aphぉiain .the patient 6, than other cortical dysfunction. 

However, their MRI revealed no responsible ischemic lesions in the cerebral cortices except 

for mild cortical atrophy. 

The most prominent abnormalities of PET findings in the studied patien臼 werea 

significant reduction of CMRGlc with an asymmetry in the thalamus, the striatum and the 

卵白凶 cortexcont凶a絶叫 to出emo陀 affectedside, those which compared with normal 

control values in each co町・espondingregion. In the present study, such findings were in 

agreement with asymmetric clinical symptoms manifested in the individual case. A distinct 

お戸nmetricaldecr1伺 seof CMRGlc de包ctedin cortical叩 dsubcortical regions may be 

characteristic in all patien胞 withthe disease and such finding is consistent with the previous 

study18>. 

A significant reduction of CMRGlc in the primary motor and sensory regions of 

卵白凶∞巾xobserved in the patients is distinct and we consider血athypometabolism of this 

region can be responsible for motor apra氾awhich is one of the main symptoms of patien也
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with corticobぉaldegeneration. Such finding is also important to differentiate血.em.from 

Alzheimer’s disease. The im開irmentof metabolism in fact affec臼 allcortical . regions in 

Alzheimer’s disease, but is much less pronounced in the primary motor and sensory regions 

as well as the visual cortex19引＞. Furthermore, reduction of CMRGlc in the thalamus .was also 

asymmetrically observed in the ipsilaternl to the parie凶 corticalregions. Therefore, it is not 

easy to explain that the hypometabolism observed in the thalamus might be caused by primary 

neuronal damage itself or secondary neuronal degeneration14・22>. A further detailed study for 

more cases is required to clarify the mechanism of glucose hypometabolism due to neuronal 

network disturbances observed in the thalamus of patients with corticobasal degeneration. 

PET study using FDOPA can provide further supportive evidence for clini伺 l

diagnosis of corticobasal degeneration. FDOPA accumulation was markedly reduced with an 

ぉymmetryin the caudate nucleus and the pu旬mencontralateral to the dominantly manifested 

symptoms in the individual case. In the patient 2, the rate constant (Ki) of FDOPA was not 

severely reduced and an asymmetry of FDOPA accumulation was not so remarkable as 

compared with the other cases. We consider the reason why such finding might be relatedめ

basal ganglionic dysfunctions and his clinical signs, which were characterized that he was 

less affec飽dwith akinesia, but he was only suffered from mild rigidity and tremor during his 

clinical history. The Ki value reflects up回keand decarboxylation of [18F]dopa into 

[18F]dopamine and its metabolites by the nigrostriatal nerve terminals. It therefore relates to 

the rate of exogenous dopa metabolism but not reflect the rate of endogenous dopamine 

synthesis because of tyrosine hydroxylase is regulated as a rate-limiting enzyme10・1 l). Reduced 

uptake rate of FDOPA is considered to represent a reduction in the number of functional 

nigrostriatal dopaminergic neurons at the presynaptic sites of白eaffected striatum23>. 

In the present study, PET images can reveal dysfunction not only in fluorodopa 

metabolism, but also in glucose utilization of the affected striatum of the patients. We 

consider that reduction of CMRGlc is distinct and important to diff erentia胞 themfrom other 

degenerative disorders with basal ganglionic dysfunction, since the caudate nucleus and the 

putamen訂efrequently and relatively spared in degenerative disease, such as Parkinson’s 

disease24・21>. These findings indicate that damage of the striatum might be more severely 

involved not only in the presynaptic sites but also in the postsynaptic sites of the nigrostriatal 

system, and that other neurotransmitter receptor systems might be involved in the striatum 

during the progressive course of the disease. A new brain imaging study using other 

radioactive ligands will be performed in order to clarify such problems in恥 future.

Sawle et al. reported that the combination PET study using FDOPA and cerebral 

oxygen metabolism was useful for diagnosis of corticobasal degeneration。.Weindica蛇d血at

m回 surementof glucose metabolism could provide more efficient information for diagnosis 

出初出atof cerebral blood flow and oxygen metabolism. In conclusion, we consider the 

unique combination study measuring both cerebral glucose utilization and dopamine 
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metabolism with P町 canprovide further supportive evidences for the clini伺 ldiagnosis of 

corticobasal degeneration. Moreover, we also realize白atfurther detailed investigation is 

needed to confirm these clinical observations obtained by PET study will correlate to the 

biochemical deficits with individual ne町opa出ologicalfindings in order to define the 

diagnostic criteria for the disorder. 
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Table 1αinical snmmarv of s刷d!J!atients with corticobasal degeneration. 

Patients 2 3 4 5 6 

Age at onset (y伺 rs) 68 60 61 58 61 57 

Sex M M F F .F F 
FDGstudy ＋ ＋ ＋ ＋ ＋ ＋ 

FDOPAstudy ＋ ＋ ＋ ＋ 

恥fRI ＋ ＋ ＋ ＋ ＋ ＋ 

Main Clinical Symptoms 

Limb kinetic apraxia ＋ ＋＋ ＋ ＋ ＋＋ ＋ 

Cons住uctmalapraxia ＋＋ ＋＋． ＋ ＋ ＋＋ ＋ 

HYJ児rreflexia ＋＋ ＋ ＋ ＋＋ 

Forced Fぉpreflex ＋ ＋ ＋ 

Alien limb ＋ ＋ ＋ 

Dementia ＋ 

Aphasia ＋＋ 

Akinesia ＋＋ ＋ ＋ ＋ 

Postural dis加rbance ＋＋ ＋ ＋ 

Frozen gait ＋ ＋ ＋ 

DystoIJ.ia ＋ 

Tremor ＋ ＋ 

Rigidit! ＋ ＋ ＋ ＋ ＋ ＋ 

Main clinical symptoms訂escored：ー，absent;+,mild; ++,moderate. 
MR.I: magnetic reson組 ceimaging. M: male; F: female. 

Table 2 Cerebral metabolic rate for glucose in each brain structure of normal control and patients wi由

∞国cob錨 ddegeneration. 

S住uC加re Controls Patient (N = 6) 

ili = 6} Dominan!b: affected side Contralateral side 

Fron泊Icortex 

Superior frontal cortex 8.67土0.66 6.81±1.06 7.89土1.03

Medial fron也1cortex 8.67±0.97 6.76±1.06 7.67土1.05

Medial mesial frontal cortex 8.53±1.10 7.40±1.19 7.99±1.16 

Inferior frontal cortex 8.72±1.31 7.79±1.23 7.29±0.90 
Lateral frontal cortex 8.16±1.30 6.68±1.81 7.78±0.63 

Lateral posterior frontal cortex 8.23土0.92 6.19±1.57 7.23±0.61 

Parietal cortex 
Primary motor組 dsensory cortex 9.17企0.77 6.58企0.71本＊ 7.83±0.72 
posterior parietal cortex 8.64±0.51 7.16土1.62

Lateral p紅白阻1cor包X 8.66±1.20 6.47±1.12* 7.49±0.98 

Temporal cortex 

Superior t回nporalcortex 8.70土0.88 7.16土1.49 8.36±1.23 

Medial temporal cortex 8.64±0.51 6.54±1.70 7.63土1.60

Inferior temporal cor飽X 7.70土0.80 6.70±1.53 7.54±0.71 

Temporal pole 7.25土0.99 6.57±1.06 7.25±0.91 

Occi同旬Icortex 8.35±0.84 7.91±1.10 8.35±1.02 

Primary visual area 9.45土0.88 8.61±0.71 8.91±1.02 

Associative visual area 9.45土1.11 8.20土1.84 8.90土2.06

Centrum semiovale 7.34士0.68 5.85土1.04** 6.55±0.82 

Thalamus 8.79±0.95 7.03±0.36** 8.22±0.94 

Caudate nucleus 9.13±0.88 7.21±0.71* 8.05±0.51 

Pu tam en 8.67±0.88 7.22±0.64* 8.51±0.85 

Brainst回n 7.06±0.46 6.46±0.54 6.30±0.34 

Cerebellu血 7.70士1.23 8.03±0.38 7.73土0.57

Values of cerebral metabolic rate for glucose represent in mean± SD mg/lOOg/min. N: number of subjects. 

*p<0.05; **p<0.01, compared wi血normalcontrol value using the Mann-Whi回eyU-test. 
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Table 3 [18F]Dopa uptake as measured by positron emission tomography in 4 patients with corlicobasal 
de!!eneralion. 

Caudate nucleus (Ki) Putamen (Ki) 
Affected side Contralatcral side Affected side Contralateral side 

Controls(N= I 0) 0.0197±0.0054 0.019-h0.0038 
patient 

0.0055 0.0137 0.0061 0.0104 

2 0.0105 0.0147 0.0102 0.0172 
3 0.0056 0.0149 0.0067 0.0143 
斗 0.0049 0.0112 0.0056 0.0102 

Values for controls arc mean± SD. Ki=[18F]clopa inJlux constant (min.1). N: number of su~jecls. 
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Fig. l Representative images obtained by 18FDG pos山onemission tomography and magnetic resonance at 
山clevels of corresponding brain slices from the six patients with corticobasal degen巴ration.The color scale is 

ranged from 0 to I 0 mg/ I OOg/min. 
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Fig. 2 Two different images obtained by [18F]fluorodopa （日コOPA)positron emission tomography and 

magnetic resonance were overlapped at tJ1c levels of the caudatc nucleus and the putamen from a nonnal control 

SU何ect(C)叩 dfour patients (1-4) witJ1 corticobasal degeneration. FDOPA activity was symmetrically 

accumulated in ilie caudate nucleus and tJ1c putamen on both hemispheres of ilie nonnal control (C). In the 

patients, however, FDOPA accumulation was decreased in an asymmetric pattern witJ1 more severe impainnent 

in ilie dominantJy affected caudate nucleus and ilie putamen. 
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V. RADIATION PROTECTION AND 
TRAINING OF SAFE HANDLING 



Cl賀ICAnnual Report 1995 

V. 1. Visualization of Radiation Distribution with High Sensitive 
CCD Camera 

Miyake M., Hoshi K., Deloar H. M., Yamadera A .. and Nakamura T. 

Cyclotron and Radioisotope Center, Tohoku University 

Introduction 

For加morlocalization at early stage, we have develo戸dan endoscopic probe using a 

small BOO scintillator coupled with an optical fiber which can de包ctg担nmarays from 

tumor-seeking radiophannaceuti伺 Is1・2>. We are also proceeding to develop a beta-ray 

endoscopic probe using a plastic scintillator coupled with an optical image fiber. An invisibly 

small tumor can be localized by counting of gamma-ray and be匂－raypulses through a MCS 

(multi-channel scalar) during the subject『sbody scanning. 

For routine use in clinical diagnostics, it is strongly needed to identify tumors 

instantly as visual images. The CCD (charge coupled device) camera is widely used to get a 

visual image for visible ligh胞， buthas too low sensitivity to get a visual image for scintillation 

Ii俳句 fromthe radiation detector. We therefore introduced a high sensitive cooled CCD 

camera equipping two MCPs (multi-channel plat閃） and tested its performance. 

Methods 

The CCD camera is a cooled CCD camera with I. I. (Image Intensifier) implementing 

two MCPs (multi・channelplates), the HAMAMA TSU C4880・92, fabricated by血e

H創n創na包uPhotonix Co. Ltd. The MCP which is coated for UV fluorescence has 15% of 

quan刷mefficiency for light of白ewave length between 200nm and 400nm. The CCD is a 

12.2mm squ訂esize, full frame transfer type. In order to reduce the dark current，社ieCCD is 

cooled down ・50℃ lower由加出eroom temperature by a peltier device. The resolution of 

由eAID converter is from 12bit to 14bit, and the minimum exposure time is 5ns. A C-mount 

lens for the TV camera, CANON VF12.5 1.4 (f=l2.5mm, F=l: 1.4) was attached to this 

camera and close rings were used if necessary. The digital output data from出eAID 

converter of CCD訂etransferred to a personal computer for constructing various two 

dimensional images. 

In this study, we first investigated白eperformance of this CCD, such as Jin伺 rity,

stability, unifonnity and sensitivity, then measured the direct visual images of scintillation 
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lights from NE102A plぉticand liquid scintillation detectors irradiated by beta and gamma 

rays. 

We also visualized the, scintillation light images transported through. an optical image 

fiber coupled with the NE102A scintillator. 

Results and Discussions 

D四・kcounts 

First, we measured dark counts of the CCD covered with lens cap by varying the 

acquiring time, the CCD temperature and the MCP gain. 

Dark counts come fro~ the resetting noise and readout noise, and are approxima匂ly

proportional to the acquiring time, and the square of the CCD absolute temperature and白e

MCPgain. 

From this data, we det~rmined 出eoptimum valu白 ofthese parameters. 

Point source images whit nla~tic 舵intillator

Point source images were observed with the CCD camera by measuring the 

scintillation lights from the 3~m thick NE102A plastic scintillator which was placed closely 

to point sources. Figure I. shpws the imag偲 of9 gamma-ray point sources，内丸 s1co,

6oco, 1s2Eu, ssy, s4Mn, 1詔 Ba,137Cs, 241 Am from the top left to the bottom right. The left 

images are the visual images under the visible fluorescence light, the right images are白e

images of scintillation lights corresponding to the gamma-ray intensities under the dark root, 

and由emiddle images訂e出esrpe中0副 onof these two images. 

The bright gamma-ray images from 152Eu and 137Cs sources and a faint gamma-ray 

image from 6°Co source can only be seen in Fig.I, because these sources have about 5 times 

stronger in民nsitiesof 2.5μCi出another sources of <0.5μCi. 

Collimated gamma-rav images with nla~tic scintillator 

We measured scintillation images of the 3mm thick NE102A with批 CCDcamera by 

using collimated gamma rays of lOOmCi 137Cs source. The collimator is made of 20cm long 

Pb blocks and have a slit of O.Smm width, which makes a vertical f創1gamma-ray beam. The 

scintillator was plaぼ d3cm apart from the lens. A distance from白esource to Pb blocks is 

150mm, and from Pb blocks to NE102A is lOOmm.(Fig.2・a).

The I. I. and MCP have some sensitivity for gamma rays. We got images by 

scintillation of NE102A(FWl部1=1.22mm）組dby direct irradiation to I. I. (FWHM = 

l.62mm) as seen in Fig. 3. B民 auseof the size of I. I. (12.2mm) which is smaller血m 白紙

of NEI 02A (27.2mm, same sizeぉ CCD’sview), the image of I. I. seems to be wider血m

scintillation image. 
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Imai!im~ of V-shaned line l!amma-rav source with liauid ornanic scinti11aめr

We measured the scintillation images with a liquid organic scintillator by using a 

gamma ray line source. The line source was made of 11.1 µ~i 85Sr in a capillary which has 

0.5mm outer diameter. The line source has a shape of a letter ”V”. The liquid scintillaめrwas 

sealed inぬ a問rof 5mm thick glぉsplates with 0-ring, which has 5mm出icknessand 

145mm diameter. The line source was set in con旬ctwith the glass. 

The image shown in the lower photograph of Fig.4 represents a V-shaped line source, 

but spreads much wider出組 theoriginal line sourceぉ seenin the upper photograph of Fig. 

4. The FWHM of this image is 17.Smm as shown in the bottom graph of Fig. 4. This image 

spreading comes from a distance of source and detector, a reflection of scintillation on白e

surfaces of glass plates, and scattering of gamma rays and scintillation. 

Scintillation imai!e transnorted throui!h ontical imai!e fib.er 

The scintillation light image was transported with an optical image fiber made by 

Olympus Optical Co. Ltd. The image fiber has 3.5mm effective diameter and lm length, and 

is connected to Imm thick NE102A scintillator with an optical silicon oil. The scintillator was 

irradiated with a collimated gamma-rays with 0.5mm width. As seen in Fig.2・b,a distance 

from a 137 Cs source to Pb blocks of 50mm length is 80mm, and that from Pb blocks to 

NE102A is Omm. Another side of the image fiber was plaαd 3cm apart from the lens. 

Fi gut芭 5shows出ecollimated gamma-ray image due ω由escintillation Ii偵t

transpor低dthrough the image fiber. The 3.5mm diameter of image fiber is very small 

compared with the CCD’s view of 27.2mm. The image transported with the image fiber has 

l.33mm FWHM spatial resolution of the image which is o凶y10% wider白羽山e1.22mm 

FWHM of the image (Fig. 3) observed without the image fiber. This reveals血atlm long 

image fiber well仕組sportsthe original image without spreading lights. 

Conclusion 

These observations clarified出atthe high sensitivity CCD camera can detect weak 

scintillation light of NE102A plastic scintillator as visual images and the image fiber can 

transport the scintillation light of NE102A as an image without spreading it. 

We are nowがanningto apply this CCD camera system for a clinical radiation 

endoscope and a handy gamma-ray camera. 

Refernces 

1) Watabe H. et al., IEEE Trans. Nucl. Sci., 40 (1993) 88. 
2) Deloar H. M, et al.. submitted to J nucl. Med. 
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Fig. l. An images with point sources. From top left they are 22Na, 57Co, 6°Co, from middle left are 152Eu, 

88Y, 54Mn from bottom left are 133Ba, 137Cs, 241Am. The left images are出Evisual images under the visible 

fluorescence light, the right images are the images of scintillation lights coπesponding to出E g紅nma-ray
intensities under the也rkroom, and the middle images are山esupe叩ositionof these two images. The another 
measuring condition were not recorded. 
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V. 2. Internal Dose Estimation for Continuous Inhalation of 
C1502, 1502 and C150, using TLD method 

＊ 

Deloar H. M., Watabe H. , Nakamura T., Narita Y., Yamadera A., Fujiwara T., and 

Introduction 

Jtoh M. 

Cyclotron and Radioisotope Center, Tohoku University 
Department of Investigative Radiology, National Cardiovascular Center・ 

Internal radiation absorbed doses in target organs due to continuous inhalation of 

C1502, 1502 and C150 into the body we陀 estimatedl,l) where the lung for all血e伽 ee

gases1> and sがeenfor C15ぴ＞ wereconsidered to be血ecritical organ at highest risk. The 

nぉalcavity and major airway were, however, not considered in the dose calc叫ation

pro印 durebut these two organs might get substantial amount of dose during inhalation of 

those gぉesdue to short half life of 150. Powell et aJ3>. and Meyer et al4>. measured the dose 

in the airways, which includes pharynx, larynx and trachea for continuous inhalation of 

C1502 by direct PET m伺 suremen包 anda highest dose at the airways were observed. In血eir

pro印 dureMIRO method was not applied. Due to highest dose accumulation those organs 

must be considered as由etarget organs as well as白esource organs. In this study we血.en

calc凶ated白eabsorbed doses of all target organs, including the nasal cavity and m司or

airway with the MIRO method5>. 

To calculate the dose with the MIRO method, S values (absorbed dose per unit 

cumulated activity) for all source organs to匂rgetorg組 S訂erequired. It is also necessary to 

know血ecumulated activities of all source organs. We first calculated the S values of all 

sou民 eorgans to target organs, including nasal cavity and major airway6> and then applied血e

TLD methodηto estimate血ebi。distributionof radioactiviti邸 inthe source org釦 sfrom 

continuous inhalation of gases. 

Finally, the absorbed doses in 23 target organs were estima飽daccording to由e

MIRO method for continuous inhalation of血reeg鎚 esof C1502, 1502 and C150. 

Materials and Methods 

During clinical PET studies at the Cyclo甘onand Radioisotope Center (CYRIC), 

Tohoku University, body surface doses were estimated by TLD during succ偲 sive

continuous inhalation of 0・15labeled gases (C1502 , 1501 and C1502), on 5 ad叫tSU句ects.

The ages of the subjec飽 we陀 20to 30 yrs. The flow rat閃 ofC1502 and 1502 were 370 
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MBq/min to 740 MBq/min and伽 ofC150 was 259 MBq/min to 481 MBq/min. The 

subjec匂 inhaledthe gases sequentially (first C1502, 2nd 1502 and 3rd C1502) under their own 

control. The inhalation periods for C1502 and 1502 were 10 to 15 minutes and for C150 was 

2 to 5 minutes. 

Basic Theory 

In the MIRD methodペ出einternal absorbed dose from source to target organs are 

given as follows: 

Di ＝玄Si,j Aj , 

where Di is the absorbed dose in the i-th target organ, Sij the absorbed dose in the i－出町get

、E
J’

E
A
 

，a
・1

organ per unit cumulated activity of the j-th sou陀 eorgan and Aj the cumulated activity of the 

j－出sourceorgan. 

In our TLD method a number of TLDs are placed on the body surf ace ne紅白esource 

organs and the body surface doses are measured by TLDs1>. The body surface dose at the i-

th TLD position can be expressedぉ：

Ti= 4Ri.j均，（2)

where Rij is the absorbed dose at the i-th TLD position per unit cumulated activi匂ofthe j－白

source org却のandXjis出ecup-iulated activity of血ej-th sou陀 eorgan integrated during the 

TLD attachment, which can be1calculated from an inverse transformation method by utilizing 

a slightly modified SAND-II unfolding code町， basedon the successive iもerationmethod. In 

the inverse transformation method the to凶 up旬keof由eradioactive gases is used as a 

constraint condition which can 1be expressed by: 

rt roo 

A=f什与(1-・ e-A.-c ) dτ ＋ f主 (1-e-A.t) e－λ（τ－t) dτ＝f主 t' 
又1 人 l λ ノJO • • Jt 

(3) 

where A。isthe flow rate of the gas in MBq min－•， λis the decay cons旬ntof 150, t is the 

inhalation period in min. and f is the uptake percen旬geof the individual gas'>. The first term 

of Eq. (3) is the cumulated activity during the i凶1alationperiod如 d血esecond term is the 

cumulated activity after inhalation stops, considering only physical decay of the activity. 

Results and Discussion 

Using-the body surface dose measured by TLDs and the unfolding tec加uquefrom 

Eq. (2），由em回 ncumulated activiti回 of11 sou民eorgans due to up阻keof 02, col and co 
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were estimated and a comparision was done with血epresent study and other results1・2>. O町

result show in general good agreement with other results. 

In the comparative study by Bigler et al.1> for 02 apd C02 shown in Fig. 1，由e

cumulated activities of brain, liver and heart for 02 inhalation and for lung and heart for C02 

inhalation in this studyぽehowever around 2 to 3 times higher than those by Bigler et al I). 

For CO gas, our da旬訂ecom pa陀dwith the results of Bigler et a1.1> and Kearfott et 

a1.2> in Fig. 1. Our data for the cumulated activity of kidney is in between the values of 

reported by Bigler et a1.1> and Kearfott et a12>. A big difference is found for brain between the 

results of Bigler et al. 1> and Kearf ott et al. 2≫, which are 5.48 and 0.29 kB守hr恥1Bq・1
respectively, our result of 2.9 kBq-hr MBq・1,gives an average value of them. Results for 

liver is 3 times higher th組 theresult of Bigler et al. but pretty close to the reported value of 

Kearf ott et al. 

The absorbed dose estimates in the 23阻rgetorgans due to uptake of 0-15 labeled 

gases, 02, C02 and CO we陀 calculatedwith the MIRD methocf5> by using Eq. ( 1), and are 

shown in Fig. 2. Our results訂ecom開redwith the values reported by ICRP Publ. 539>. 

Among出etarget organs，白en錨 alcavity and m勾orairway give high郎 tabsorbed 

doses and these doses are higher for C02, CO and 02 in this descending order. For all 

gases, the criti叫 organs訂ethe n出 alcaviザandmajor airway which includes the pharynx, 

larynx and trachea. The radiation dose in the upper airways from the 1 hour inhalation of 0-

15 labeled C02 with 1 mCi/l of air has been calculated for adult subjec臼 byseveral 

authors3刈. In our study the doses in the nぉalcavity and m勾orairway due to inhalation of 

C02 are l.47E-02 mGy MBq 1 and l.lOE-02 mGy MBq 1, and血eto凶 valueis 2.57E-02 

mGyMbq・1.This value is very close to 2.85E-02 mGy L侶q・1陀portedby Meyer et al. 3> 

but higher than the results of 2.47E-03 mGy Mbq 1 given by Powel et alの．

For all gases, next highest absorbed dose is the lung. The ICRP doses of lung for 

02 and CO are close to our estimated dose but for C02, our results become a加ut4 tim邸

higher than血eICRP dose. The doses of the brain is higher for CO, C02 and 02, in this 

descending order, reflecting the higher accumulation of brain. 

The doses of the other旬rget(non source) organs are relatively lower than those of 

白e10 source organs and agree with the ICRP reported values around a factor of 2. 

Generally speaking, our results show rather good agreement with the ICRP results. 

Conclusion 

For continuous inhalation of 0・15labeled gases, we calculated the cumulated 

activities of 11 source organs based on the TLD methodηand then倒 imated由einternal 

absorbed doses in 23 target organs by the閲 RDmethod. Our results show generally a ・good 

agreement with the values reported by ICRP9>, which are based on the biological analysis1・幻．
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Among the旬rgetorg釦 S白eairway is血ec出 calorgan and the absorbed dose is 2.57E・02

mGyMbq・1which is very clos~ to 2.85E-02 mGy rvffiq・1reported by Meyer et dの．
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V. 3. Radiation Protection and Management 

Miyata T., Yamadera A., Nakamura T., Satake Y. *. and Watanabe N. * 

Cyclotron and Radioisotope Center, Tolwku University 

Japan Radiation Protection Co., Ltd.* 

(1) Unsealed radionuclides used in the center 

The kinds and activities of unsealed radionuclides handled in the center in 1995 are 

shown in Table 1. The阻bleincludes the isotopes produced by the cyclotron, purchased from 

血eJapan Isotope Association and took over from another RI institutes. 

(2) Individual monitoring 

The exposure doses of the workers in the center in 1995 is given in Table 2. They were 

less由anthe permissible doses. 

(3) Monitoring of the workplace 

Radiation dose rates inside and outside of the controlled areas were monitored 

periodically and ぉ needed. They were below the legal permissible levels. Sutf ace 

contamination levels of the floors inside the controlled areas were measured by smear method 

and with survey meters periodically釦 das needed. They also cleared under the legal 

regulation levels. 

( 4) Wastes management 

The radioactive wastes delivered to白eJapan Radioisotope Association in 1995紅e

shown in Table 3. The concentration of radioisotopes in the air releぉedafter filtration from 

the stack was monitored with stack gas monitors. The levels were less than血elegal 

regulation levels. The radioactive water was storaged at the tanks at least for 3 days and血en

released to the sewerage after confirming that由econcentration was less白anpermissible 

levels. 

The treated volume of radioactive waste of organic scintillator was 1358 l by白e

incinerator made by Fujikogyo Co., Ltd. 

Table 1. Uns伺 ledradionucli也sused in血ecenter in 1995. 
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(a)Cyclotron B凶Iding （凶q) 68Qe 239,393.000 4.14C 12,273.000 

2. 95mTc 

to旬l

3. llC 

62Cu 

111 In 

~：ttg 

to凶

4. 18p 

旬旬i

(b) RI 

2. 45Ca 

1.000.000 12s1 101,315.200 18p 368,200,158.000 

1.000.000 to阻l 400,365.728 3H 826,580.069 

total 369.039,011.069 

498,575,000.000 

222.000.000 

4,462,080.000 

3,182.000 

247滞 4.000 i 

3. llC 2,521,000.000 

503,509ク46.000 1311 43,253.300 

442.751,080.000 62Cu 777 .000.000 

67Ga 10刈 0.000 (c)R1悶悶rch Buildin_g 仕Ba)

442,751.080.000 111In 181,810.000 3. 11c 

28Mg 1,942.500 to凶

Building 体Bq) 32p 1,018,250.684 4.18p 

35S 462,814.000 total 

48V 19,198.000 

59.657.528 total 5,035,668.484 

Table 2. Occupational radiation expos町・esat血ecenter in 1995. 

Dose ran2e (mSv) 

No measurable exposure 
M回 surableexposure less血姐 1.0
1.0 to 2.5 
2.5 to5.0 

Total persons monita時d

Number of individuals 

32 
7 

4 
2 

45 

Table 3. Radioactive~制es delivered to the Japan Radioisotope 
Association in 1995. 

Wastes Container Number 

s。lids
Combustible Type Ou 50£ 企um 35 
Combustible Type ot 50£ 血m 16 
Incombustibles 50£ 命四1 6 
Annimal carcass回 50£ drum 5 
Filters 501川国ty 58 

liquids 
inor21組 icliquids 25 l PE bottle 5 
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V. 4. Measurement of Heavy Ion Tracks Using Imaging Plate 

Yamadera A.. Taniguti S .. Nakamura T .. and Fukumura A.* 

Cyclotron and Radioisotope Center, Tolwku University 

National Institute of Rad!ological Sciences, Anakawa, Inage-ku, Chiba-slzi, Japan本

Introduction 

We have developed a new勾petrack-counting-method of high energy h伺 .vyions 

penetrating through a matter by using imaging plate (IP) in order to estimate the deposited 

energy distributions of projectile and fragment particles. 

Nuclear emulsion film and polycarbonate film such as CR-39 are widely used for 

counting of high energy particles. But, for obtaining accurate track information, it is 

necessary to develop or etch these detectors under highly controlled chemical conditions and 

with skilled technique. Their sensitivities are not so high the counting area is limi民dwithin 

the view r如 geof microscope. 

On the other hand, IP has many advantages; Tracks are analyzed automatically by 

using the Image Reader and we have no use for chemical treatment and skilled techniques. 

The counting efficiency of IP is over 100 times higher than the above two detectors, because 

we can set up the counting訂・eafreely with in the size of IP. The image data釘estored in 

CPU and we can easily analyze these stored data. 

Experiment and results 

Tma~im! Pla怯 andTmaQe Reader 

We used IP(BAS-'III) and BAS-2000 as a reader for measuring 290MeV/u Carbon 

戸rticlesand 400MeV/u Neon particles, and IP(BAS-UR) and BAS-3000 for αand tl 

p訂ticles.These instrument紅efabricated by F可iFilm Co. Ltd. The IP size of BAS-. III 

Land BAS-UR are 20cm x 40cm and 12.5cm x 12.Scm, respectively. The pixel sizes of 

BAS-2000 and BAS-3000紅・e100 μm and 50μm, respectively. 

I rradi ati on exneri men ts 

Fig. 1 shows the irradiation setup at the National Institute of Radiological Sciences. 

In order to irradiate血eIPs with projectile particles having different energies at the same ti1n:e, 

two shee胞 oflcm白ick仰がic・moderators(moderator-2) were sandwiched between伽切 IP

deも.ectors.This stack was set behind the another moderator(Moderator・1). The IPs were 
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irradiated with uniformly dispersed 290MeV/u C or 400MeV/u Ne beam which was 

collimate.d to 4cm x 4cm. Number of仰向cleswas counted with a ~E counter which was set 

in front of the Moderator-I, and the irradiation was stopped manually when the counts of the 

A Ecoun伽 reachedabout 1000. 

For observing track profiles along the direction of particle flights, we irradia凶 anIP 

which wぉ set伊凶leito 血e~line.

Photostimulated luminescence 

La句ntfigu陀 inimagingがa記 wasr叫 outby出eBAS-2000 sys旬m.Fig. 2 shows a 

cross sectional track view of 290Me V /u Carbon particles. The large tracks are produced by 

high energy Carbon particles and small ones are due to gamma rays or electrons. From出e

回 cksizes, we could easily distinguish heavy ion tracks from the other light particles. The 

diameters of large tracks are 2~～300µm (2---3pixelゆandsmall ones are lOOμm. 

The cross sectional photostim由民dluminescence(PSL) of every佐ackwascalc由旬d.

Fig. 3 shows the relation of由eaverage PSUtrack and白emoderator thickness. The 

distribution of PSUtrack corr~sponds to a Blagg curve. The PSL value at血eBlagg p伺 k組 d

出ecorresponding absorber thickness are 2.8PSUtrack佃 d143.9mm, r1凶 pectively,for 

C訂bonparticles, and 3.4PSUtrack and 129.9mm for Neon particles. These absorber 

thicknesses just co町espondto the ranges of these two projectiles. Beyond由erange, we can 

see the PSUtrack distribution ~hich may be due to the fragment p訂ticl es. 

Conclusion 

We developed a new type track-counting-method by using imaging plate. The IP is 

very easy to紅白twith and does not need s戸cialtechnique such as chemical佐・eatment It 

gives not only an information of 回 .ckdensity but also an infonnation of projectile species組 d

energies. 

300～400mm 

200mm 

Absorber( 1 ) 

A E-Counter Oょ30、60、

(NE-1 02A) 90、120.lSOmm 

Imaging Plates in 

Black Envelope 

Absorber( 2) 

lOmm 

Fig. 1. Irradiation se加pat the National Institute of Radiological Science. 
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V. 5. Training for S~fehandling of Radiation and Radioisotopes 

and X-Ray Machines for Beginners in Tohoku University 

Nakamura T., Yamadera A. and Miyata T. 

Cyclotron and Radioisotope Center, Tolwku University 

Training for saf ehandling of radiation and radioisotopes for beginners has been 

conducted twice a ye訂 from1977 in Tohoku University. The conten包 oflectures and 

practices are shown in Table 1. In 1995 the training was performed for 522 persons. The 

departments to which they belong are given in Table 2. 

Training for safehandling of X-ray machines and electron microscopes began from the 

end of 1983. The training is scheduled to be held twice a year at the same time ぉ the

safehandling of radiation and radioisotopes. Only lectures訂egiven and not practices. The 

C叫附 of恥 lect町esand中edist伽 tionsof阿 neesare shown in Tables 3 and 4, 

respectively. I 

Training for safehandling of synchrotron radiation began from the end of °1995. The 

con ten胞 ofthe lectures are the sameぉ safehandling of radiation and radioisotopes for 

beginners and not practices. In 1995 the training was peげ0口nedfor 38 persons. 

Table I. Contents of lectures and practices for safehandling of radiation組 dradioisotopes in 1995. 

Lectures (one day) 

Radiation physics and m伺 S町・emen包
Chemistry of radioi~otopes 

Radiological protectio~ ordinance 
Effects of radiation on 'man 
Saf ehandlin.e of radioisotopes 
VTR for saf ehandlin2 of radiation組 dradioisotopes 

Practices (one day) 

1.5 (hours) 
1.0 
1.0 
1.0 
1.5 
2.0 

Treatment of unsealed tadioactive solution 4.0 
(hours) 

Measurements of surf ace contamination組 ddecontamination 1.0 
Measurements of 2amma rays and beta rays 2.0 
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Table 2. Distribution of tr司neesfor saf ehandling of radiation飢 dradioisotopes in 1995. 
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Table 3. Contents of lectures for saf ehandling of X-ray machines and electron microscopes in 1995. 

1.5 (hours) 
1.0 
1.0 

Saf ehandling of X-ray machines 
Radiolo厚calpro民ctionordinance 
VTR for saf ehandlini? of radiation組 dradioisotopes 

Table 4. Distribution of trainees for safehandling of X-ray machines and electron microscopes in 1995. 
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VI. PUBUCAllONS 
(January 1995～December 1995) 

A 

1. The 肌 iso(p,n）肌 18F reaction剖 J;,=35MeV 
Oura M. , Orihara H., Hosaka M., Jon G. C., Terakawa A., Ishii K., N訂itaA., 
Hosomi K., Nakagawa T., Miura K., Ohnuma H., Niizeki T., and Dehnhard D. 
Nuclear Physics A586( 1995)20・34.

2. A permanent-magnet dipole with variable field strength and po凶 ty
Honma T., Fujioka M., Shinozuka T., and Matsumoto N. 
Nuclear Insturuments and Methods in Phsics Research A361(1995)13・20.

3. Column Extraction Method for Rapid Preparation of [11C]Acetic and[11C]Palmitic Acids 
Iwata R., ldo T.加 dTadaM. 
Appl. Radiat. /sot. 46・2(1995)117・121.

4.α1・columnPreparation of 1・Aminocyclopentane-l-[11C] Carboxylic Acid 
Iwata R., Ido T. and Tada M. 
Appl. Radiat. /sot. 46・9(1995)899・905.

5. Validation of noninvぉive quantification of rCBF com仰向dwithdyn但nic/integral
method by using positron emission tomography組 doxygen-15 labeled water 
Watabe H., ltoh M., Mejia M. R., Fujiwara T., Jones T., and Nakamura T. 
Annals of Nuclear Medicine 9・4(1995) 191-198. 

6. Measurements of response function of organic liquid scintillator for neutron energy 
range up to 135 Me V 
Nakao N., Nakamura T., Baba M., Uwamino Y ., Nakanishi N., Nakashima H., and 
Tanaka S・I.
Nuclear Instruments and Methods in Physics Research A362( 1995)454-465. 

7. Development of Skin Surf ace Radiation Detector Systetm to Monitor Radieactivity in 
Arterial Blood Along with Positron Emission Tomography 
Watabe H., Miyake M., Nari旬 Y., Nakamura T., and ltoh M. 
IEEE Transactions on Nuclear Science 42・4(1995)1455・1459.

8. Linearized Me血od:A New Approach for Kinetic Analysis of Central Do伊mineD2
Receptor Specific Binding 
Watabe H., Hatazawa J., Ishiwata K., ldo T., Iwata R., Takahashi T., Hatano K., and 
Nakam山富T.
IEEE Transaction on Medical Imaging 14・4(1995)688・696.
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B 

9. Alteration of (3H]hemicholinium-3 binding in the post-ischaemic ge巾iibrain 
Araki T., Kato H., F吋iwaraT., Kogure K., and Itoyama Y. 
NeuroReport 6 ( 1995)561・564.

10. Methionine Uptake by Tumor Tissue: A Microautoradiograp悩CComparison with FOG 
Kubota R., Kubota K., ~amada S., Tada M., Takahashi T., Iwata R., and Tamahashi 
N. 
The Jounal of Nuclear Medicine 36・3( 1995)484-492. 

11. Effects of Radiotherapy on the Cellular Uptake of Carbon-14 Labeled L-Methionine 
in Tumor Tissue 
Kubota K., Kubota R., Yamada S., and Tada M. 
Nucl. Med. Biol. 22・2(1995)193・198.

12. Quantitative Double-Tracer Autoradiography with Tritium and Carbon-14 Using 
Imaging Plates: Application to Myocardial Metabolic Studies in Rats 
Yamane Y ., Ishide N.,Kagaya Y ., Takeyama D., Shiba N., Chida M., Sekiguchi Y ., 
Nozaki T., ldo T., and Shirato K. 
The Journal of Nuclear !vf edicine 36・3(1995)518・524.

13. Clinical application of 18F-FUdR in glioma patien臼ーP町制dyof nucleic acid 
me帥 olism
Kameyama M., Ishiwata K., Tsurumi Y ., Itoh J., Sato K., Katakura R., Yoshimoto 
T., Hatazawa J., Ito M., and ldo T. 
Journal of Neuro-Oncology 23(199め53-61.

14. Post-ischemic changes of (3H]glycine binding in the gerbil brain after cerebral ischemia 
Araki T., Kato H., Fujiwara T., Kogure K., ltoyama Y. 
European Journal of Pharamacology 27 8 ( 1995)91・96.

15. Effects of chronic right ventricular pressure overload on myoc紅dialglucose組 dfree 
fa町racid metabolism in the conscious rat 
Takeyama D., Kagaya Y ., Yamane Y ., Shiba N., Chida M., Takahashi T., Ido T., 
Ishide N吋組dTakishima T. 
αrdiova8cular Research! 29( 1995)7のー767.

16. His包mineHl receptor occupancy in human brains after single oral doses of histamine 
Hlan包.gonis臼measuredby positron emission tomography 
Yanai K., Ryu J. H., Watanabe T., Iwata R., ldo T., Sawai Y., Ito K., 
and ltoh M. 
British Journal of Pharmpcology 116(1995)1649・1655.

17. Clinical application of 18F-FUdR in glioma patien飴ーP町 S知dyof nucleic acid 
me包bolism
K.ameyama M., Ishiwata K., Tsurumi Y ., ltoh J., Sato K., Katakura R., YoshimotoT. 
, Hatazawa J., Ito M., and ldo T. 
Journal of Neuto・Oncology23( 199：り53・61,

18. M俗 的伊ran-inducedph~phatidylcholine hydrolysis by .phospholipぉeD activation in 
human鎚甘ocytomacells1 
Mizuno K., N:紘aha胞 N.,andOhizumi Y. 
British Journal of Pharmacology 116 ( 1995)2090・2096.
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19. Positron Emission Tomographic Study of Central Histamine HI-Receptor Occupancy in 
Human Subjects Treated with Epinastine, a Second-Generation Antihistamine 
Yanai K., Ryu J. H., Watanabe T., Iwata R., Ido T., Asakura M., Matsumura R., and 
ltoh M. 
Meth. Find. Exp. Clin. Pharmacol. 17(1995)64-69. 

20. Age-related changes in bindings of second messengers in the rat brain 
Araki T., Kato H., Fuiiwara T., and ltoyama Y. 
Brain Research 704(1995)227-232 

21. K-X Ray Production Cross Sections of H回 .vyLanthanides Over the Energy Range of 
3-40MeV/amu 
Sera K., Ishii K., Orihara H., and Morita S. 
International Journal of PIXE 5・1(1995)57・67

22. Positron Emission Tomographic Study of Central Histamine Hl・ReceptorOccup組 cyin
Human Subjects Treated with Epinastine, a Second-Generation Antihistamine 
Yanai K., Ryu J. H., Watanabe T., Iwata R., ldo T., Asakura M., Matsumura R., and 
Itoh M. 
Meth. Find. Exp. Clin. Pharmacol. 17(1995)64-69. 
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VII. MEMBERS OF COMMITTEES 



Cl官ICAnnual Report 1995 

VII. Members of Committees (as of Jan. 1, 1996) 

General 

(Chairman) Hikonojo Ori hara (CYRIC) 

Yasuo Endo (Faculty of Science) 

Hiroshi Kudo (Faculty of Science) 

Ta同shi Yoshimoto (School of Medicine) 

Tadashi Yamada (School of Dentistry) 

Akira Naganuma (Faculty of Pharmaceutical Sciences) 

Ka臼unori Abe (Faculty of Engineering) 

Shichiro Sugawara (Fac凶匂rof Agric叫加re)

Reim on Hanada (Institute for Materials Research) 

Ken-ichi Akiba (Res伺 rchlnstitutefor Mineral 

Dressing and Me阻H町gy)

Hiroshi Fukuda (lnsti削除forDevelopment, Aging and 
Cancer) 

Kiyohiko Sakamoto (School of Medicine) 

Masumi Sugawara (Fac叫tyof Science) 

Mana bu Fujioka (CYRIC) 

Tatsuo ldo (CYRIC) 

Takashi Nakamura (CYRIC) 

Masaめshi ltoh (CYRIC) 

Ren Iwata (CYRIC) 

Akira Yamadera (CYRIC) 

Keizo Ishii (Faculty of Engineering) 

Takeo Fujino (Res伺 rchlnsti tute for Mineral 

Dressing and Me旬H町＇8Y)

Takeo Fujino (R1飴伺rchInstitute for Mineral 

Dr関 singand Me値目町gy)

Research Program 

(Chairman) Takashi N法制nm百 (CYRIC) 

Takemi Nakagawa (Faculty of Science) 

Takashi Yamaya (Faculty of Science) 
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Tutomu Se kine (Fae叫ザof Science) 

Kazuyoshi Masumoto (Fae叫句rof Science) 

恥自eko Kawamura (Faculty of Agriculture) 

Takashi Yoshimoto (School of Medicine) 

日de句da Sas球i (School of Medicine) 

Ka胞unori Abe (Faculty of Engineering) 

Keizo Ishii (Faculty of Engineering) 

Reim on Hanada (Institute for Materials Research) 

Hiroshi Fukuda (lnsti tute for Development, Aging and 
Cancer) 

Masao Tada (Institute for Development, Aging and 
Cancer) 

Mana bu F吋ioka (CYRIC) 

Tatsuo ldo (CYRIC) 

Masatoshi ltoh (CYRIC) 

Cyclotron 

(Chairm組） Manabu F吋ioka (CYRIC) 

Takemi Nakagawa (Fae凶句rof Science) 

Satoru Kunii (Faculty of Science) 

Tutomu Se kine (Faculty of Science) 

Takashi Yamaya (Fac叫句fof Science) 

Kyuya Kodajima (Fae叫tyof Engineering) 

Ken Abe (Fae叫ザofEngineering) 

Keizo Ishii (Fae叫句rof Engineering) 

Akira Hasegawa (Fac凶句rof Engineering) 

Reim on Hanada (Institute for Materials Research) 

Ken-ichi Akiba (Res伺 rchlnsti tute for Mineral 
Dressing and Metallurgy) 

Tatsuo Ido (CY悶C)

Takashi N叫ramura (CYRIC) 

Keizo lshii (CYRIC) 

Masatoshi司 ltoh (CYRIC) 

Ren ’Iwa旬 (CYRIC) 

Tsutomu Shinozuka (CYRIC) 

Atuki Terakawa (CYRIC) 
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Radiation Protection and Training of Safe Handling 

(Chairman) Tadashi Yam詞a (School of Dentistry) 

Yoshiaki F可ii (Faculty of Science) 

Hiroshi Kudo (Fae叫tyof Science) 

Tetsuya Ono (School of Medicine) 

Kiyohiko Sakamoto (School of Medicine) 

Kazuo Ouchi (Faculty of Pharmaceutical Sciences) 

Yasushi Inoue (Faculty of Engineering) 

Toshiyasu Yamaguchi (Faculty of Agriculture) 

Masayuki Hasegawa (Institute for Materials Research) 

Hiroshi Fukuda (lnute for Dstitevelopment, Aging and 
Cancer) 

Manabu F可ioka (CYRIC) 

Takashi Nakamura (CYRIC) 

Akira Yamadera (CYRIC) 

Kenichi Akiba (Res伺 rchInstitute for Mineral 
Dressing and Metallurgy) 

Life Science 

(Chairman) Tatsuo Ido (CYRIC) 

Kazuo Yamamoto (Faculty of Science) 

Kiyohiko Sakamoto (School of Medicine) 

Yasuhito Itoyama (School of Medicine) 

Reizo Shirane (School of Medicine) 

Mお油iko Yamamoto (School of Medicine) 

Kazuie Iinuma (School of Medicine) 

Michinao Mizugaki (University Hospi阻1)

Shin Maruoka (University Hospi凶）

K包 uo Ouchi (Faculty of Pharmaceutical Sciences) 

Keizo Ishii (Fac叫句Fof Engineering) 

Mieko Kawamura (Faculty of Agriculture) 

Hiroshi Fukuda (Institute for Development, Aging and 
Cancer) 

M鎚 ao Tada (Institute for Development, Aging and 
C細切r)

Kazuo Kubota (Institute for Development, Aging and 
Cancer) 

Mana bu Fujioka (CYRIC) 

Takashi Nakamura (CYRIC) 
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Masatoshi ltoh (CYRIC) 

Takehiko F可iwara (CYRIC) 

Yoshihito Fun法i (CYRIC) 

Prevention of Radiation Hazards 

(Chairman) Takashi Nakamura (CYRIC) 

Takemi Nakagawa (Fae凶ザofScience) 

Tutomu Se kine (Faculty of Science) 

Ken Abe (Faculty of Engineering) 

Mana bu F吋ioka (CYRIC) 

Tatsuo Ido (CYRIC) 

Akira Yamadera (CYRIC) 

Takehiko F可iwara (CYRIC) 

Muneo Aoyam~ (CYRIC) 

Takamoぬ Miyata (CYRIC) 
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VIII. PERSONNEL 



CYRIC Annual Report 1995 

VIII. Personnel (as of Jan. 1, 1996) 

Director Hikon吋o Ori hara 

Division of Accelerator 

Manabu Fujioka 

Shogo Hayashibel > 

Takashi Yamayal> 

Tsutomu Shinozuka 

Toshihiro Honma 

Shizuo K組 6)

S悩zuo Chiba6) 

Naoto T法ahashi6>

Yasuaki αniya6> 

Divisio・n o( Instrumentations 

Hikon吋o Ori hara 

Keizo Ishii2> 

A加ki Terakaw~ 

Sh。ichi Wai加 mki

Tsutomu Ichikawa 

Division of Radiopharmaceutical Chemistry 

Tatsuo ldo 

M制。 Tada5> 

Ren Iwa包

Yoshihito Fun誌i

Hideo T紘ah凶悩

Yo・ichi lshikawa7>. 

Yu包ka Naitoh'> 
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Division of Cyclotron Nuclear Medicine 

Masatoshi I toh 

Takehiko F可iwara

K犯叫iiko Y anai4) 

Shin ya Seo 

Division of Radiation Protection and Safety Control 

Ta；同shi Nakamura 

Akira Yamadera 

Takamoto Miyata 

Yasuhiro Satake7) 

Hiroki Mukai7> 

Graduate Student and Researcher 

Masahiro 

Ai 

Yasumori 

Toshio 

Guan 

Kazuya 

Yohiko 

Asaki 

Nao to 

Nao to 

Fujita (Graduate School, Division of Science) 

Watanabe (Graduate School, Division of Science) 

Kan泊（GraduateSchool, Division of Science) 

Kouda (Graduate School, Division of Science). 

Zhong (Graduate School, Division of Science) 

ltoh (Graduate School, Division of Science) 

Teramoto (Graduate School, Division of Science) 

Yamamoto (Gradua胞 School,Division of Science) 

Matumura (Grduate Schaool, Division of Science) 

Nakagawa (Gradua胞 School,Division of Pharmaceutical 
Sci enαs) 

Masanobu Mukoyoshi (Graduate School, Division of Pharmaceuti切 i
Sciem~es) 

Tsuyoshi 

Kaori 

Shi吋i

Mぉato

Marko 

Mぉashi 

Yu-ichiro 

Hossain 

Yamaguchi (Graduate School, Division of Pharmaceutical 
Sciences) 

Suzuki (Graduate School, Division of Pharmaceutical 
Sciences) 

Nagata (Graduate School, Divis~o~ of Pharmaceutical 
Sciences）・

Higuchi (Graduate School, Division of Medicine) 

M句ia(Graduate School,DivisiOn of Medicine) 

Takada (Grad1細胞 School,Division of Engineering) 

N初旬（GraduateSchool, Division of Engineering) 

Deloar (Graduate School, Division of Engineering) 
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Konno (Graduate School, Division of Engineering) 

Miyake (Gradu剖eSchool, Division of Engineering) 

Kim Eun Ju (Graduate School, Division of Engineering) 

Ryutaro Izumi (Res回 reher) 

T池ashi Uehara (Researcher) 

Syunji T紘agi(Reseぽcher)

Norio Tujimura (Researcher) 

Office Staff 

Muneo Aoy.出na

Ichiro Fukuda 

Has hi me Wako 

Urara Saso 

Kyoko F可isawa

Satoshi Kawamura 

Fumiko Mayama 

Mitsuko Endo 

Yu-ko Yamashita 

Rie Yoshida 

Yoshie Suzuki 

Yuri Okumura 

恥1iyuki Dornon 

Toshiyuki Wa凶 tabe7>

1) Faculty of Science 
2) Faculty of Engineering 
3) Insti加tefor Materials Research 
4) School of Medecine 
5) Institute for Development, Aging飢 dCancer) 

6) SUMI-JU Accelerator Service Ltd. 

7) Japan Radiation Protection Co., Ltd. 
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