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PREFACE 
 
 

CYRIC was established in 1977 as an institution for carrying out multidisciplinary research 

with the cyclotron and radioisotopes, and for training researchers of Tohoku University for 

safe treatment of radioisotopes and radiations. The cyclotron of CYRIC was manufactured 

by Sumitomo Heavy Industry Inc., Japan, form the design of CGR-Mev, France. The first 

beam was extracted at the end of December 1977. The scheduled operation of the cyclotron 

for research studies started in July 1979. We usually operate the cyclotron four whole days a 

week for research studies. The Great East Japan Earthquake occurred on March 11, 2011, the 

accelerator facilities were severely damaged because of strong shaking that continued for a 

few minutes. We have made great efforts on the recovery of our daily research activities until 

now. Fortunately, the scheduled operation of the cyclotron for collaborative research studies 

has re-started since October, 2012 from the one year and half interruption of our services. 

CYRIC consists of four buildings: cyclotron building (5400 m2), radioisotope building (2000 

m2), molecular imaging research building (1000 m2), and CYRIC Collaboration building (250 

m2). As the example of medical and pharmaceutical fields, our CYRIC demonstrated the 

usefulness of FDG-PET scans in patients with cancer for the first time in early 1980’s. Other 

highly respected achievement of CYRIC is the application of molecular imaging to drug 

development including the imaging of neurotransmitter receptors and amyloid and tau 

proteins in Alzheimer disease. Fully functioning CYRIC facilities can ensure the further 

development of molecular imaging in near future. 

In conformity with the aim of establishment of CYRIC, the cyclotron has been used 

for studies in various fields of research, such as nuclear physics, nuclear chemistry, solid-state 

physics and element analysis by PIXE and activation, and for radioisotope production for use 

in engineering, biology, pharmaceutical science and medicine. Six divisions (Division of 

Accelerator, Division of Instrumentations, Division of Radio-pharmaceutical Chemistry, 

Division of Cyclotron Nuclear Medicine, Division of Radiation Protection and Safety Control, 

and Division of Geriatric Behavioral Neurology) work for maintenance, development of 

facilities, and for studies of their individual research fields. The divisions belong to the 

graduate schools of Tohoku University. 

Both the K=110 MeV AVF cyclotron and the K=12 MeV AVF cyclotron have been 
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steady operated in the last two years. Cocktail beams of a mass-to-charge ratio to 5, 129Xe5+ - 

454 MeV, 84Kr17+ - 323 MeV, 40Ar8+ - 150 MeV, 20Ne4+ - 75 MeV, and 15N3+ - 56 MeV, have 

been developed and started being provided for beam time using the 10 GHz ECR ion source. 

With the cocktail acceleration technique, the quick switch of the ion species and the beam 

energy has been realized. Moreover, the ions of 28Si and 56Fe extracted from solid materials, 

such as quartz and stainless steel, were also newly been provided for beam times at CYRIC. 

The development of the laser cooled RI beam line constructed at TOF trough TR5 has 

been continued. This new beam line is used to study the fundamental physics using heavy 

elements such as an electric dipole moment (EDM) of francium atoms, and will be extended 

for the research on atomic physics and radiation chemistry. The thermal ionizer, neutralizer 

and optical trapping system are ready, and the improvement to realize the high trapping 

efficiency is in progress. The development of the atom interferometer to measure the EDM 

was also performed, and Dr. T. Hayamizu, who was PD at CYRIC, received Inoue Research 

Award for Young Scientists for this work. 

In the research program on proton therapy, a micro-pattern gaseous detector (MPGD) 

based on gas electron multiplier technology (GEM detector) has been developed and applied 

as a new transmission beam monitor for charged particle therapy to simultaneously measure 

a two-dimensional beam profile and the amount of dose of the therapeutic charged-particle 

beam. Following the recent success of the prototype detector, a new MPGD monitor which 

can be applied to clinical situations was developed. The feasibility tests were successfully 

performed using an 80-MeV proton beam and the beam irradiation system for proton therapy 

experiments installed in the experimental room 5. 

Translational research on radiopharmaceuticals for positron emission tomography 

(PET) made satisfactory progress during the reporting period. [18F]THK-5351, an original 

new PET tracer for tau imaging, entered the first-in-human study in September 2014 and 

played the leading role in clinical PET studies on dementia. Overall, the rate of supply of PET 

tracers for tau and amyloid-β came to be higher than that of other PET tracers. It should be 

mentioned that in-house preparation and supply of [18F]FDG was terminated because 

[18F]FDG is now commercially available by delivery. PET tracers prepared and supplied for 

clinical studies in the two years were [18F]THK-5351 (29 preparations), [18F]THK-5117 (3), 

[11C]doxepin (11), [11C]raclopride (10), [11C]BF-227 (24), [11C]PiB (44), and [15O]water (4). 

Preclinical research on relationship between structure and activity of 2-arylquinoline 

derivatives revealed a precise binding characteristics of [18F]THK-5351 as a tau imaging 

tracer. Based on the findings of the study, several backup compounds for THK-5351 were 
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newly designed and synthesized. Preclinical development of other type of PET tracers were 

also advanced steadily. For examples, we succeeded to prepare a 11C-labeled scFv antibody 

by using [11C]MET and cell-free protein synthesis system. In addition, we developed a novel 

convenient method for radiosynthesis of 18F-labeled phosphonium compounds that could be 

useful for imaging tissues rich in mitochondria such as myocardium. Furthermore, research 

on nucleophilic radiofluorination of aromatic compounds had started and are yielding some 

encouraging results. 

Various clinical PET studies were published in 2014 to 2015, including studies on 

brain, heart and skeletal muscles. A follow-up study of tau accumulation in Alzheimer’s 

disease (AD) patients using [18F]THK-5117 had a very high impact in the fields of 

gerontology, neurology and psychiatry. This study was in a strong association with another 

brain PET study on amyloid β accumulation in AD patients with or without diabetes mellitus 

using [11C]BF-227. Additional important study was a measurement of histamine H1 receptor 

occupancy for levocetirizine, a new-generation antihistamine, using [11C]Doxepin in healthy 

volunteers. This study was also associated with a car driving study using a driving simulator. 

These studies were conducted in collaboration with a major pharmaceutical company, and 

this kind of study might increase in near future. A new study that showed an association 

between the prognosis and [18F]FDG uptake in the right ventricular free wall of pulmonary 

hypertension patients was also very important in the field of cardiology. Skeletal muscle 

imaging using [18F]FDG has been getting more and more popular in the field of not only 

sports medicine but also in orthopedic surgery. In addition, recent achievement at CYRIC in 

education on scientific visualization is also reported. 

The research program on PIXE analysis has been carried out by using a 4.5 MV 

Dynamitron accelerator at the Fast Neutron Laboratory, Graduate School of Engineering, 

Tohoku University, under the scientific tip up between CYRIC and FNL. A high-current 

microbeam system (MB-II), which is dedicated to chemical state mapping was installed. 

Energy resolution of the accelerator was improved by developing the terminal voltage 

stabilizing system (TVSS) to get better performance of these microbeam systems. Research 

studies using submilli-PIXE camera, microbeam analysis systems, and micron-CT has been 

carried out. A total of 1500 hours of beam-time including test was served to this program 

without serious problems in FY2014 and 2015. 

We conducted the beginners training for safe handling of radiation and radioisotopes 

twice a year in 2014 and 2015 for staffs and students of Tohoku University. The courses 
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included 1) Radiositopes and radiation generators (412 trainees in 2014 and 431 trainees in 

2015), 2) X-ray machines and electron microscope (347 trainees in 2014 and 343 trainees in 

2015), and 3) Synchrotron Radiation (113 trainees in 2014 and 119 trainees in 2015). The 

total numbers of trainees in English classes for foreign students and scientists were 84 in 2014 

and 103 in 2015, respectively. 

There were no persons who were exposed occupational radiation more than 5.0 mSv 

among 233 (2014) and 244 (2015) radiation workers at CYRIC. 

The aim of Division of Geriatric Behavioral Neurology is to study the neuroscience 

of dementia and contribute to the welfare of elderly people. Our work in the northern area of 

Miyagi prefecture has always been our priority. Since 1988, our research group and the town 

of Tajiri (now the city of Osaki) have been performed the community-based stroke and 

dementia prevention (the Osaki-Tajiri Project), followed by the similar projects in the cities 

of Kurihara, Tome, and Wakuya. We have reported the prevalence and incidence of dementia, 

and clinical validity of drug treatment and/or psychosocial intervention with reference to PET 

examinations using the following tracers: [15O]oxygen, [11C]CO, [18F]fluorodeoxy glucose, 

[18F]fluorodopa, [11C]YM-09151-2, and [11C]donepezil. Unfortunately, dementia patients in 

a community do not always receive an adequate medical and welfare management based on 

a scientific evidence including diagnosis of dementing diseases, psychosocial intervention, 

and caregiver education. Therefore, the Division of Geriatric Behavioral Neurology aims the 

followings: 1) to establish a method for assessing cognitive functions of older adults and 

database; 2) to develop a comprehensive model for dementia including medical and welfare 

management based on the neurological basis; and 3) to improve the level of medical and 

welfare for dementia and education. 

 

We are most grateful to Tohoku University and to the Ministry of Education, Sports, 

Culture, Science and Technology for continuous support. 
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Kazuhiko YANAI, Director 
Masatoshi ITOH 
Yasuhiro SAKEMI 
Atsuki TERAKAWA 
Shozo FURUMOTO 
Manabu TASHIRO 
Shigeo MATSUYAMA 
Hiroshi WATABE 
Kenichi MEGURO 
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I. 1.  Proton-3He Scattering at 70 MeV with Polarized 3He Target  
 
 
 

 Wada Y.1, Watanabe A.1, Sekiguchi K.1, Akieda T.1, Eto D.1, Itoh M.2, Kon H.1, Miki K.1, 
Mukai T.1, Nakai S.1, Shiokawa Y.1, Uesaka T.3, and Wakui T.2 

 
1Department of Physics, Tohoku University 

2Cyclotron and Radioisotope Center, Tohoku University 
3RIKEN Nishina Center 

 
 
 

One of the main interests in nuclear physics is understanding the forces acting between 

nuclear constituents. A hot topic in the study of nuclear forces is to clarify the roles of three-

nucleon forces (3NFs) in nuclei, and to describe various phenomena of nuclei by explicitly 

taking into account nucleon-nucleon (NN) interactions combined with 3NFs. The 3NFs arise 

naturally in the standard meson exchange picture1) as well as in the framework of chiral 

effective field theory which has a link to QCD2). Few-nucleon scattering offers good 

opportunities to investigate dynamical aspects of these forces, such as momentum, spin, and 

iso-spin dependencies. First indication of the 3NFs in the scattering system was pointed out 

in the cross section minimum for nucleon-deuteron elastic scattering at intermediate energies 

(E/A> about 60 MeV). Since then nucleon-deuteron elastic scattering at incident energies of 

up to around 300 MeV have been extensively performed both experimentally and 

theoretically3). The nucleon-deuteron scattering has provided an solid basis to nail down 

detailed properties of 3NFs, however, the total isospin channel of the 3NFs is limited to T=1/2. 

Recently importance of the iso-spin dependence study of 3NFs have been pronounced for 

understanding of nuclear system with larger-isospin asymmetry, e.g. neutron-rich nuclei, 

neutron matter, and neutron stars4). The p+3He scattering is an attractive probe since this 

system is the simplest one where the 3NFs in the channels of total isospin T=3/2 can be 

studied. In order to explore the properties of three-nucleon forces via proton-3He scattering 

we are planning the measurements of 3He analyzing powers at 70 MeV. We started 

construction of polarized 3He target as well as the detection system in 20135). 

 



 
2 

 

Schematic view of the polarized 3He target is shown in Fig. 1. Spin-exchange optical 

pumping method is adopted for polarizing 3He nucleus6), where Rb atoms are polarized by 

optical pumping and their polarizations are transferred to 3He nucleus by hyper-fine 

interactions. The target cell consists of double chamber which includes the target chamber 

and the optical pumping one. Both are connected by a thin transfer tube. This is designed to 

separate the target chamber from the optical pumping one which needs external oven to 

produce Rb vapor. The target cell contains the 3He gas with pressure of 3 atm at room 

temperature together with a small amount of N2 gas and Rb vapor. During operation the 

pumping chamber is heated to about 430 K to provide a high Rb vapor density and maintain 

the polarization of 3He nucleus. Circularly polarized photons with power of 30 W are used to 

optically pump Rb atoms. Polarized 3He nuclei are allowed to diffuse into the target chamber. 

The target cell is made of GE180 glass which is known to have a very long relaxation time 

for the polarization of 3He. The polarizations are monitored by the adiabatic fast passage 

(AFP) NMR method. The NMR signals give relative values of the polarization. The absolute 

values of the target polarization are calibrated by using frequency shift of the electron spin 

resonance of Rb atoms. Typical values of polarizations are 10% now7). 

 

Experiments with 70 MeV proton beams in conjunction with the newly developed 

polarized 3He target were performed at the room TR4. Proton beams bombarded the polarized 
3He target and they were stopped in the faraday cup. Beam intensities were about 5 nA during 

the experiment. Scattered protons at 55 and 70 degrees in the laboratory system were detected 

by the dE-E scintillation counters. They consisted of a plastic scintillator with thickness of 

1mm and a NaI(Tl) scintillator with thickness of 55 mm. In the measurement we successfully 

obtained asymmetry of the events from proton-3He scattering. 

 

Further developments of the polarized target, e.g. to increase laser power, to reduce 

spin relaxation time, are now in progress to obtain high polarization. This is necessary to 

obtain high precision analyzing power data. 
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Figure 1.  Schematic view of the polarized 3He target. 
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I. 2.  Measurement of the α Decay from the Broad 10 MeV State in 12C 
 

 

 
Itoh M., Ando S., Aoki T., Arikawa H., Harada K., Hayamizu T., Inoue T., Ishikawa T., Kato 

K., Kawamura K., Sakemi Y., and Uchiyama A. 
 

Cyclotron and Radioisotope Center, Tohoku University 
 
 

 

The α cluster structure in the nucleus becomes one of active topics in recent years, again.  

Stimulating the concept of the α cluster gas as the Bose gas proposed by Tohsaki et al.1), 

many researches have been performed theoretically and experimentally. The broad 10 MeV 

state in 12C is considered to be one of the α gas-like states. According to the 3α orthogonality 

condition model with a complex scaling method, the broad 0+ state around 10 MeV is 

considered to be a higher nodal of the second 0+ state at 7.65 MeV in 12C2). However, a 

variational calculation after spin-parity projection in the framework of antisymmetrized 

molecular dynamics indicates a linear-like 3α structure appears around 10 MeV in 12C3). 

Recently, it was reported that the broad 10 MeV state consisted of two 0+ components4,5). In 

this experiment, we investigated the decay property of the broad 10 MeV state in order to 

verify and study these two 0+ states.  

The measurement was performed with a large scattering chamber at the 41 course in 

CYRIC. The 12C4+ beam accelerated up to 110 MeV bombarded the self-supported natural 

carbon foil with a thickness of 104 μg/cm2. The experimental setup is shown in Fig. 1. The 

beam was stopped at a Neodymium magnet just in front of the silicon strip detector. 

Inelastically scattered 12C beam, excited to the broad 10 MeV state, was immediately broken 

to three alpha particles. Since break-up three alpha particles had almost same kinetic energy 

per nucleons, they were easily detected even with a relatively small solid angle detector. Two 

double-sided silicon strip detectors (DSSD) were used as shown in Fig. 1. DSSD1 has 

horizontally 16 channels and vertically 16 channels with a size of 50 × 50 mm2 and a thickness 

of 1500 μm. DSSD2 has horizontally 40 channels and vertically 40 channels with a size of 

40 × 40 mm2 and a thickness of 1000 μm. To reduce numbers of readout channels, two or 
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three strips were connected into a channel. Then, the total readout channels were reduced into 

32 channels. 

Figure 2 shows the energy spectrum around the broad 10 MeV state measured in this 

experiment. The center of mass angle for three break-up alpha particles was limited within 

4.8 degrees. The prominent peak is the 9.641 MeV 3- state. The broad hill at both side of the 

3- state is the broad 10 MeV state. The broad 10 MeV state was divided into four parts, as 

shown in Fig. 2, in order to see the energy dependence for the decay branch. In each energy 

region, the energy distribution of break-up three alpha particles was compared with those 

obtained in the Monte-Carlo simulation for two decay mechanisms as the decay through the 

ground state of 8Be, 8Be(g.s.), and that through the first 2+ state of 8Be, 8Be(2+). In this case, 

the direct 3α decay could not be distinguished from the 8Be(2+) channel. Figure 3 shows the 

preliminary results of the comparison between the experiment and the Monte-Carlo 

simulation. The experimental data are plotted with closed circles. The red dashed, the cyan 

solid, and the green dotted lines show the energy distributions obtained in the Monte-Carlo 

simulations for the 8Be(g.s.), the 8Be(2+), and the sum of these two channels, respectively. 

The experimental energy distribution was reproduced well with the sum of the 8Be(g.s.) and 
8Be(2+) channels. The energy dependence for the branching ratio of the 8Be(g.s.) channel is 

shown in Fig. 4. Open and closed circles indicate results of the RCNP experiment obtained 

in Ref. 5 and of the CYRIC experiment, respectively. While branching ratios of the 8Be(g.s.) 

channel obtained in the RCNP experiment suddenly drop at the excitation energy of 10.8 MeV, 

those obtained in the CYRIC experiment gradually go down. Since the momentum transfer 

of the reaction in the CYRIC experiment was larger than that in the RCNP experiment, the 

energy spectrum at CYRIC in Fig. 1 contains higher multipole components, such as the 1- 

state at 10.8 MeV and the 2+ state at 10 MeV. According to the experiment by Alcorta et al.6), 

the 1- state at 10.8 MeV decays 100% through the 8Be(g.s.) channel. Therefore, the branching 

ratio of the 8Be(g.s.) channel around 11 MeV became nearly 90%. We need to estimate the 

contributions from higher multipole components, correctly. The estimations for the higher 

multipole contributions are in progress.  
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Figure 1.  Experimental set-up. 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Energy spectrum around the broad 10 MeV state. 
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Figure 3.  Energy distributions of decay α particles in the broad 10 MeV state. 
 
 
 
 
 
 
 
 
 
 

Figure 4.  Energy dependence of the branching ratio to 

the 8Be(g.s.) channel. 
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I. 3.  Experiment of Measurement of Elastic Scattering for the Search for 
α-cluster Gas-like Structure in 13C 

 

 

 
Nasu Y., Itoh M., Hayamizu T., Matsuda Y., and Okamoto J. 

 
Cyclotron and Radioisotope Center, Tohoku University 

 
 
 

α-cluster structures appear in excited states in 4N-light nuclei which have equal numbers of 

protons and neutrons. For example, the Hoyle state, which is the second 0+ state at Ex = 7.65 

MeV in 12C, is well studied experimentally and theoretically. The Hoyle state is considered 

to have a dilute gas-like structure in which the α cluster is loosely coupled to each other1,2). 

This structure is called an α gas-like structure. 

The α gas-like structure is also considered to appear in A ≠ 4N light nuclei. In this 

report, we focus on the α gas-like structure in 13C. At the Research Center for Nuclear Physics 

(RCNP), Osaka University, the 1/2-
4 state was found at Ex = 12.5 MeV by the measurement 

of inelastic α scattering at extremely forward angle3). This state is a candidate for the α gas-

like structure in 13C. On the other hand, according to Orthogonality Condition Model (OCM) 

calculation, the 1/25
+ state at Ex= 14.9 MeV is considered to have the α gas-like structure, 

although the state have not been identified experimentally, yet4). Therefore, it is intriguing to 

make sure these predictions and investigate the role of the excess neutron in the α gas-like 

structure. 

To study the α gas-like structure in 13C, we plan to measure the decay 3α particles via 

the 12C(13C, 13C*(1/2-
4)[3α+n])12C reaction at the 41 course in CYRIC. For the experiment, it 

is important to optimize the experimental setup for detecting three α particles from 13C*(1/2-

4). In order to estimate the cross section with the Distorted Wave Born Approximation 

(DWBA) calculation, we measured the angular distribution for the 12C(13C, 13C)12C reaction 

and obtained the optical potential parameters. 

The experiment was performed at the 41course. Figure 1 shows the experimental 

setup in the scattering chamber. The 13C4+ beam was accelerated up to 129 MeV with the AVF 

cyclotron and bombarded on a self–supported natural carbon foil with a thickness of 100 
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μg/cm2 installed in the scattering chamber. Recoil 12C particles were detected in three Si 

detectors (SDs). 

Figure 2 shows the obtained angular distribution of elastic scattering. The angular 

distribution was fitted to obtain optical potential parameters. The optical potential5) is written 

as 

𝑈𝑈(𝑟𝑟)  =  −𝑉𝑉0f(𝑟𝑟, 𝑟𝑟0,𝑎𝑎0) –  𝑖𝑖𝑖𝑖f(𝑟𝑟, 𝑟𝑟𝑖𝑖 ,𝑎𝑎𝑖𝑖)  , 

𝑓𝑓(𝑟𝑟, 𝑟𝑟0/𝑖𝑖,𝑎𝑎0/𝑖𝑖)  =  
1

1 +  𝑒𝑒𝑒𝑒𝑒𝑒(
𝑟𝑟 − 𝑟𝑟0/𝑖𝑖𝐴𝐴1/3

𝑎𝑎0/𝑖𝑖
)
  , 

where V0 and W represent the real and imaginary parts, respectively, r is the distance between 

the centers of a projectile and a target, ri is the nuclear radius, and ai is the diffuseness. The 

potential has six independent parameters. In order to obtain parameters, roughly, five 

parameters (V0, r0, a0, W, ri) were fixed to those obtained in Ref 6), and the parameter, ai was 

determined to fit the angular distribution of elastic scattering. Table 1 shows the obtained 

optical potential parameters. 

We calculated the angular distribution of the 12C(13C, 13C*(1/2-
4))12C reaction using 

the obtained optical potential and DWBA code DWUCK47). The calculated angular 

distribution of the 12C(13C, 13C*(1/2-
4)[3α+n])12C reaction is shown in Fig 2. The distribution 

indicates the diffraction maxima appear around θcm = 0°, 7.5°, 15°, 22°. We determined that 

the measurement angle is θcm = 22°. At this angle, the recoil particle energy is sufficiently 

high to measure with a SD. In the laboratory frame, the corresponding angles of the recoil 
12C and scattered 13C* are 60° and 10°, respectively. Figure 3 shows a schematic view of the 

next experimental setup. Two double-sided silicon strip detectors (DSSDs) with a size of 50 

× 50 mm2 and a 1 mm strip DSSD with a size of 40 × 40 mm2 will be used for the detection 

of 3α particles and recoil 12C particles, respectively. 

In summary, the configuration of the next experimental setup for measurement the 

decay 3α particles via the 12C(13C, 13C*(1/2-
4)[3α+n])12C reaction was determined by 

measurement of the angular distribution for the 12C(13C, 13C)12C reaction. We expect to obtain 

a new knowledge of the role of the excess neutron in the α gas-like structure. 
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Table 1.  Obtained optical potential parameters. 

V0 (MeV) r0 (fm) a0 (fm) W (MeV) ri (fm) ai (fm) 
-175 0.65 0.79 -22.5 1.15 0.56 

 
 

  

 
 
 
 
 
 
 
 

Figure 1.  Inside of scattering chamber. The natural 
carbon foil target is placed at the center of the 
chamber. Three SDs are located at the right side of the 
chamber. 

 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Angular distributions of elastic and inelastic scattering. Closed 
circles: present data; solid line: fitted result of elastic scattering; dashed 
line: DWBA calculation of the 12C(13C, 13C*(1/2-

4))12C reaction. 
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Figure 3.  A schematic view of the setup for the planning 
experiment. Two DSSDs and 1mm strip DSSD are placed at 
angles determined in this experiment. 
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The 4th “Training school on nuclear and particle physics experiments using accelerator 

beams” (SCHOOL) in the Support Program of KEK and Tohoku University was held at 

CYRIC from February 22nd through 26th, 2016. The purpose of SCHOOL is to support the 

human resources development of Japanese accelerator science by having undergraduates 

who are interested in accelerator science, such as nuclear elementary particle physics or 

beam physics, experiment using the accelerator beam. The six participating students came 

from five universities (Yokohama National University, the University of 

Electro-Communications, Osaka University, Yamagata University and Keio University). 

In the SCHOOL, the students had two experiments. One was an online experiment 

using an AVF cyclotron, and the other was offline. In the online experiment, francium (Fr), 

which is a radioactive element, was produced through the nuclear fusion reaction with 

the 18O5+ primary beam accelerated by the AVF cyclotron and 197Au target, as 18O + 197Au 

→  215−xFr + xn. The students actually performed the nuclear experiment using the 

accelerator by measuring the decay energy and the life time of the produced Fr nucleus 

using the solid state detector (SSD). In the offline experiment by using the americium 

sealed radioactive source, the operating principle of the SSD was studied and the SSDs 

were calibrated to be used in the online experiment. At the end of the SCHOOL, the 

students presented and discussed the training contents. Since all students were very active 

and hard workers, a bright future in Japanese accelerator science is expected. 

The authors would like to thank the staff of CYRIC machine group. The SCHOOL 

will be held every year. 
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II. 1.  A Wien Filter as a Mass Filter to Purify the Francium Beam 
 
 
 

Kawamura H.1,2, Aoki T.2, Arikawa H.2, Harada K.2, Hayamizu T.2,*, Inoue T.1,2, 
Ishikawa T.2, Ito S.2, Itoh M.2, Kato K.2, Koehler L.2, Mathis J.2, Sakamoto K.2, 

Uchiyama A.2, and Sakemi Y.2,† 
 

1Frontier Research Institute for Interdisciplinary Sciences (FRIS), Tohoku University 
2Cyclotron and Radioisotope Center, Tohoku University 

 
 
 

A factory of radioactive francium (Fr) atoms has been developed in order to better search 

for an electron’s electric dipole moment and study the nuclear anapole moment1,2). We can 

produce francium via a fusion-evaporation reaction of a gold target and an oxygen beam 

from 930 AVF cyclotron, and produce Fr ions with a thermal ionization on the surface of 

the hot gold. Various impurities, and gold itself, as well as francium will be ionized and 

become background components. Since electrostatic fields are used to extract and transport 

the produced ions, any ion can be extracted and transported independently of its mass. The 

low beam purity might negatively affect experimental processes, as the purity of the Fr 

beam was roughly 10-6. The beam purity should be improved by using a Wien filter, which 

can separate the desired components from the others.  

Figure 1 shows the aspect of the Fr factory, which has been built at the 51-beam 

course. The Wien filter was installed between the 1st and 2nd electrostatic quadrupole 

triplets. Figure 2 indicates the configuration of the filter electrodes. The beam component 

was analyzed using the filter. This study utilized the fact that the mass-charge ratio of the 

ion passing through the filter can vary by scanning the intensity of the electrical field with 

the fixed magnetic field. A typical result is shown in Fig. 34). The transverse axis shows the 

voltage difference between the electrodes with a gap of 60 mm, so the 100 V corresponds to 

the electric field 1.67 V/mm. The relation of the coil current to the magnetic field intensity 

is shown in Fig. 4. This result was obtained with the ions produced only by heating the 

target without the primary beam from the AVF cyclotron.  

                                                 
*Present address: University of British Columbia, Vancouver, Canada  
†Present address: Center for Nuclear Study (CNS), the University of Tokyo  
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We can irradiate the gold target with a rubidium atomic beam and control the 

intensity of the rubidium ion. The beam current was measured with a copper plate (used as 

a Faraday cup) in a beam diagnosis system at just after the 2nd triplet. In Fig. 3, gray and 

black lines show events with and without the rubidium atomic beam, respectively. The 

peaks at ~600 V and ~500 V correspond to the rubidium ion and cesium ion, respectively, 

according to the mass-charge ratio expected from the intensity of the applied fields and the 

composition ratio of the rubidium source (Table 15)). Also, the peaks at ~900 V and ~1200 

V are expected to be potassium and sodium as alkali elements. Potassium and sodium 

originate in the impurities of constructional elements of the apparatus because their peaks 

are not sensitive to being with/without a rubidium source. Massive gold is the best possible 

matter for this because every impurity of the gold target has a large ionization potential and 

is difficult to ionize (Table 26)). The peak corresponding to the mass-charge ratio ~200 had 

been observed by Stancari et al7).  

We confirmed that the Fr ion beam can be transported by removing light elements 

with the Wien filter. The transportation efficiency, which is defined as the ratio of the beam 

intensity reached the first diagnosis system and the final one, was 26%, while the 

transportation efficiency without the Wien filter was 15%. The facts that the beam condition 

was not so stable and that the transport efficiency had a fluctuation demonstrate why using 

the Wien filter led to better efficiency. The other possible reason is the fact that the 

electromagnetic field of the filter acts as a kind of focusing lens8).  

The beam purity is defined as the ratio between the number of francium measured 

by α-ray spectroscopy with a solid state detector and the total beam current measured by 

the copper plate. The beam purity was roughly 10-6 without filter and 10-3 with filter. This 

experiment demonstrated that the Wien filter can increase the beam purity thousandfold, 

though the intensity of the background components will vary with the surface condition of 

the gold target.  

We gratefully acknowledge Hatanaka K., Tamii A., Yoshida H. P. and other staff of 

the RCNP at Osaka University for their donation of the Wien filter.  
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Table 1.  Composition ratio of the rubidium source 
from KURIETO SHOUJI Ltd.5). 

Rb 99.9% 

Na < 13 ppm 

K < 13 ppm 

Cs 639 ppm 

 

 

 

Table 2.  Composition ratio of the gold target from 
FURUYA METAL Co., Ltd.6). 

Au > 99.99% 

Ag 7 ppm 

Cu < 1 ppm 

Fe 3 ppm 

Pb < 10 ppm 

Pd 2 ppm 

 
 

 

Figure 1.  A factory of laser-cooled radioactive francium atoms. 

 

 

Figure 2.  Transverse cross-section of main electrodes of the Wien 
filter (in units of mm) 3). The auxiliary rods connect the two main 
electrodes with stepwise voltages. The longitudinal length is 260 mm.  
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Figure 3.  Mass spectra of the ion beam analyzed using the Wien filter4). In this 
measurement, the acceleration voltage of the beam was 3000 V and the current of 
the magnetic coils was fixed at 40 A corresponding to 1200 Gauss.  

 
 

 
Figure 4.  Coil current vs. magnetic field intensity of the Wien filter3). 
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Trap System towards the Electron Electric Dipole Moment Search 
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The permanent electric dipole moment (EDM) search experiments for the test of violation of 

fundamental symmetries using various kinds of atoms and molecules have been vigorously 

carried out in recent decades. The finite value of an EDM signal provides signature of parity 

(P) and time reversal (T) violations, which are explicit evidences for a new physics beyond 

the standard model of particle physics1). The several ingenious experiments for obtaining 

sufficient sensitivity to detect the EDM are attempted in the world as these signals are 

extremely small. The signal enhancement calculated in several theories is emphasized by 

total number of protons (Z) in an atom and the effective internal electric field in a polar 

molecule and is approximately proportional to Z3. Hence heavy atoms for EDM search have 

been widely employed. 

The electron EDM measurement using thorium monoxide (ThO) molecule2) is well 

known as the most precise measurement. The upper limit of the electron EDM obtained from 

the experiment is 8.7 × 10-29 ecm. However, in the atomic or molecular beam experiment the 

significant systematic effects are caused by the motional-magnetic field v × E / c2 effect that 

comes from the atoms moving with velocity v through an applied electric field E (c: speed of 

light) and by the geometric phase shifts generated by complicated field gradients. These 

systematic errors mimic the true EDM signal and limit the accuracy of measurement of the 

EDM. 

The measurements using laser cooling and trapping techniques for atoms are 

proposed to achieve more sensitive detection beyond the current upper limit. The velocity of 

the laser cooled atom is low, and therefore the interaction time between an atom and an 
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electric field is elongated by approximately three orders of magnitude compared to the 

conventional beam experiments. Moreover, the significant systematic effects caused by the 

motional-magnetic field and by the geometric phase shifts are strongly suppressed. Thus, 

there are several advantages of using optically trapped atoms for these measurements. 

Additionally, Francium (Fr) being the heaviest alkali atom has a large enhancement factor of 

about 9003,4). The EDM experiment using laser cooled Fr atoms promises to reach 

sensitivities even with their upper bounds, thus better than that of beam experiments. 

We report the current status of the development of an optical dipole force trap (ODT) 

system for trapping Fr and rubidium (Rb) atoms at Cyclotron and Radioisotope Center 

(CYRIC), Tohoku University. As Rb atom has similar chemical properties to that of Fr, we 

mainly employed Rb atoms for the development of the ODT system. The ODT is a versatile 

technique for trapping neutral atoms into regions of high electric field strength and is useful 

for the EDM measurement. A Magneto-optical trap (MOT) is widely used as a pre-cooling 

method before the atoms are loaded into the ODT. The details of development of the MOT 

system for Rb atoms was previously reported5,6). The number of atoms trapped in the 

magneto-optical trap (MOT) chamber was about 108. The size of the atomic cloud was 

approximately 3 mm. The temperature of the atoms estimated by time-of-flight method was 

90 μK. We have already achieved optical dipole force trapping of rubidium atoms. However, 

the loading efficiency from MOT to ODT was about 0.01%. To overcome this issue, we use 

polarization gradient cooling method to lower the temperature and a compressed MOT 

technique to increase the density of atomic cloud, and employ a high-power fiber laser of 50 

W for ODT. 

We introduced a new light source for optical dipole force trapping of atoms. The light 

source consists of a seed light and a fiber amplifier. The wavelength of the light was 1064 

nm. The experimental setup is shown in Fig.1. Figure 2 shows the output power from seed 

light source as a function of input current. The maximum power was 550 mW at a current of 

1.35 A. The power was measured by a power meter which was set in front of an isolator as 

shown in Fig 1. After passing through a half waveplate (λ/2) and a polarizing beam splitter 

(PBS) to optimize the intensity and polarization of the seed light, the light was input into the 

fiber amplifier. The amplifier is a continuous wave, narrow-linewidth, polarization 

maintaining fiber amplifier and amplifies a single-frequency light more than 50 W. The power 

of the seed light required as an input to the fiber amplifier is minimum 50 mW and a 

maximum of 200 mW, respectively. The output power of about 56 W from the amplifier 
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measured by a power meter was confirmed when the seed light power was 120 mW. 

This research was supported by a Grant-in-Aid for Scientific Research (JP21104005, 

JP26220705), the Murata Science Foundation and SEI Group CSR Foundation. 
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Figure 2.  The output power of the seed light as a function of an input current. The 
threshold current was approximately 0.7 A. 

Figure 1.  Experimental setup for ODT light. The picture in figure is a display of the 
output power of 55.9 W obtained from the fiber amplifier. 



 
20 

 

CYRIC Annual Report 2014-2015 
 
 
 

II. 3.  Development of an Electric Field Application System toward 
the Electron EDM Search Experiment 
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A permanent electric dipole moment (EDM) of a particle, an atom or a molecule plays an 

important role in testing the new physics beyond the standard model (SM) of elementary 

particles, since the EDM is sensitive to CP-violation in the theories beyond the SM1). So far, 

a finite value of the EDM has not been observed2). We plan to search for an electron EDM 

by using laser cooled francium (Fr) atoms. Since Fr is the heaviest alkali atom, the 

enhancement factor of the electron EDM is largest in alkali atoms3). The laser cooling 

technique can localize atoms. The localized atoms would then have a long coherence time, 

and hence be able to suppress a statistical error and some systematic errors because of the 

velocity of the atom, such as a motional magnetic field4). From these features, we have 

chosen the laser cooled Fr atoms as a substance in which the EDM is searched for. 

Experimentally, the EDM is deduced from a change of spin precession frequency 

induced by the reversal of an electric field applied along a magnetic field. Since the 

magnitude of the frequency change is proportional to the electric field, the application of 

the strong electric field is a key issue for the EDM experiment. Our planned experiment 

will utilize Fr atoms trapped in a three-dimensional optical lattice. In order to realize the 

three-dimensional optical lattice, three-dimensional optical access is required. We employed 

disk-shaped glass plates coated with indium tin oxide (ITO) as transparent electrodes. The 

size of the glass plates was 4 cm and 1 cm thick. The transmittance of electrode was 

measured to be about 85% at a wavelength of 780 nm. The surface resistance of ITO was 

about 20 Ω/cm2. This finite resistance of ITO, which can suppress the stray magnetic field 

induced from a Jonson noise current, is of advantage to the EDM experiment5). 

We constructed the electric application system using the ITO electrodes as shown in 
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Fig. 1. The distance between the electrodes was fixed to be 1 cm with insulators made of 

ceramic. A calculated gradient of electric field was less than 1 V/mm2 at the center between 

electrodes. The electrodes were installed inside a chamber with a vacuum pressure of 10-8 

Pa. A leakage current across the electrodes was measured with a Pico ammeter which was 

protected from sudden discharge by inserting a low-pass filter. When positive voltage was 

applied, we applied the voltage up to 43 kV without discharge. On the other hand, when 

negative voltage was applied, we observed a sudden increase in leakage current at the 

voltage of -18 kV as shown in Fig. 2, and the breakdown occurred at a voltage of -20 kV. 

We are now investigating the difference between the positive and negative voltage 

applications. 

In order to confirm the field strength of the electric field applied to the laser-cooled 

atom, we measured a DC Stark shift of a rubidium (Rb) atom trapped in a magneto-optical 

trap (MOT). The DC Stark shift of 87Rb D1 line ∆ν is ∆ν = αE2/2h, where α = 

0.122306(16) Hz/(V/cm2)6) is the D1 scalar polarizability of the 87Rb atom, E is the strength 

of the electric field and h is the Plank constant. Since α is well known, the strength of the 

electric field is deduced from the DC Stark shift. The 87Rb atoms were trapped in the center 

between the electrodes. When voltage of 20 kV was applied, the observed DC Stark shift 

was 26(10) MHz, which corresponded to the strength of the electric field of 21(4) kV/cm. 

The result showed that the proper electric field was applied to the Rb atoms trapped in 

MOT, since the distance between the electrodes was 1 cm. 

After the improvement of the negative voltage application, we will try the pilot Rb 

atomic EDM experiment by using the electric field application system. 

 

This work is supported by MEXT/JSPS KAKENHI Grant Number 26220705. 
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Figure 1.  Schematic view of the constricted electric field application system. 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Leakage current with negative voltage application. 
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Cluster Gas State in 28Si 
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Introduction 

The alpha cluster gas state plays an important role to understand the structure of the 

4N light nucleus with equal numbers of protons and neutrons. The study for alpha cluster 

gas states originates from the discovery of the Hoyle state in  12C1). This state can be 

explained with not the shell model but the cluster model. In the alpha cluster model, three 

alpha particles are loosely bound like a gas in the Hoyle state2,3). The search for such a gas 

state in 4N nuclei has been performed up to 24Mg4). 

As a next step, we are planning to search for the state in 28Si, which is the next 

heavy 4N nucleus of 24Mg. The experiment will be performed with a 280 MeV 28Si9+ beam, 

which has not been accelerated in CYRIC. The required beam current of  28Si9+ 

accelerated by the AVF cyclotron is 1 eµA. Therefore, we need to supply the 28Si9+ beam of 

10 eµA from the ion source, since the efficiency of acceleration is 10%. In this paper, we 

report the test experiment for the extraction of the 28Si9+ beam from the electron cyclotron 

resonance (ECR) ion source using a quartz (SiO2). 

 
Experimental method  

As an ion source, we use ECR105). The quartz was directly inserted in the plasma 

with the solid sample insertion device, as shown in Fig. 1. The extracted 28Si9+ beam was 

analyzed by the dipole magnet and collected in the Faraday cup, as shown in Fig. 2. In order 

to obtain more than 10 eµA stably, we have optimized the following parameters. 

1. Support gas6) (He, O2, and Ar) 

2. Flow rate of each gas 

3. Insertion speed of the quartz rod 
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The first two parameters and the last parameter are related to the beam intensity and the 

stability, respectively. 

 
Experimental result 

First, we studied the effect of the support gases. Figure 3 shows the obtained 

maximum beam current with each support gas. Among them, a drastic increase of the beam 

current was obsereved for O2. 

Second, we searched the optimum flow rate of O2. Figure 4 shows the beam current 

as a function of the flow rate. The optimum flow rate of O2 was 0.0220 cc/min (1 atm, 0 

℃). The maximum beam current was 26 eµA. By using O2 gas and optimum flow rate, we 

could obtain the sufficient beam current. 

Third, we studied the insertion speed of the quartz rod. By changing the speed, the 

appropriate speed was found to be 4.58 × 10−4 cm/min to supply the stable beam. When 

the quartz rod was fixed, the beam current gradually decreased as shown in Fig. 5. On the 

other hand, when the insertion speed of the quartz rod was 10 times faster than the 

appropriate speed, the beam current suddenly disappeared, as shown in Fig. 6. We found the 

plasma state was very sensitive to the insertion speed. 

 
Summary 

We succeeded in extracting the 28Si9+ beam from the ECR ion source at CYRIC. By 

optimizing the support gas and the insertion speed, we could supply the sufficient beam 

current stably. Finally, we also succeeded in accelerating the 28Si9+ ion up to 280 MeV with 

the 930 AVF cyclotron. This was the first time at CYRIC to accelerate the beam extracted 

from a solid sample. The test experiment of the search for the alpha cluster gas state in 
28Si9+ is scheduled for July 2016. 
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 Figure 1.  Picture of ECR10.  Figure 2.  Schematic view around ECR10. 
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Figure 5.  Change of the beam current of  28Si9+ 
when the quartz rod is fixed.  

Figure 6.  Change of the beam current when the 
current speed is 2.90 × 10−3 cm/min. 

B
ea

m
 c

ur
re

nt
 (e

A
) 

B
ea

m
 c

ur
re

nt
 (e

A
) 

3.00E-05 

2.50E-05 

2.00E-05 

1.50E-05 

1.00E-05 

5.00E-06 

0.00E-00 

Time(s) 

0 100 200 300 400 500 

Flow rate of O2 cc/min (1atm, 0℃) 

B
ea

m
 c

ur
re

nt
 (e

A
) 

Time(s) 

3.50E-05 

3.00E-05 
2.50E-05 

2.00E-05 

1.50E-05 

1.00E-05 

5.00E-06 

0.00E-00 
0 20 40 60 80 100 

B
ea

m
 c

ur
re

nt
 (e

A
) 

B
ea

m
 c

ur
re

nt
 (e

A
) 



 
 
 
 
 

III.  NUCLEAR MEDICAL ENGINEERING 
 



 
27 

 

CYRIC Annual Report 2014-2015 
 
 
 

III. 1.  Development of a Multi-channel Charge-readout System for a 
Micro-pattern Gaseous Detector 

 
 
 

Terakawa A.1, Ishii K.1, Matsuyama S.1, Sato T.1, Inano K.1, Sakemi Y.2, and Fujiwara T.3 
 

1Department of Quantum Science and Energy Engineering, Tohoku University 
2Center for Nuclear Science, The University of Tokyo 

3Graduate School of Engineering, The University of Tokyo 
 
 
 

High-precision beam monitoring has been needed to measure beam profiles during beam 

scanning irradiation in charged-particle cancer therapy. Compared to conventional beam 

monitors using multiwire proportional counters, micro-pattern gaseous detector (MPGD) 

technology1) has shown several advantages such as the excellent special resolution and stable 

operation at higher counting rates. We developed a prototype beam monitor of a MPGD 

design with gas electron multiplier (GEM), and successfully measured the two-dimensional 

intensity distribution and relative dose of a proton beam using it2). Since the prototype 

detector was built using a small size of the GEM foil (3×3 mm2) and a charge-readout board 

with only 16 channels, it can be used in a limited way as a beam monitor for charged-particle 

therapy. Thus, we have developed a new MPGD beam monitor with a 10×10 mm2 GEM and 

a 256-channels read-out board to apply it to beam monitoring in charged-particle therapy. In 

this report we described the new beam monitor and the results of beam irradiation 

experiments. 

Figure 1 shows the MPGD beam monitor which contains a cathode plate (Al foil 12.5 

µm thick), a Glass-GEM and the read-out board in the monitor chamber. Mylar foil 12 µm 

thick and Al foil 1 µm thick foil were used as beam entrance and exit windows of the chamber. 

Ne-CF4 mixed gas (Ne:CF4 = 9:1) was flowed at the flow rate of 100 cc/min in the MPGD 

chamber. The read-out board collects the induced charge of the secondary electrons with 

vertical and horizontal strips. The number of the strip was 126 in each direction while the 

strip gap was 1 mm. 

We developed a multi-channel charge-readout system by designing and developing a 

charge-to-time converter module (QTM) for the MPGD system. The QTM developed in this 
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work was based on an ASIC unit, CLC101EF manufactured by IWATSU Co. Ltd. The 

CLC101EF has 9 channels for readout, and provides a pulse signal whose duration is 

proportional to the amount of input charge. We have designed the QTM so that the CLC101EF 

is easily controlled and connected to the MPGD using a personal computer. Because two 

CLC101EFs are used in the QTM, it is possible to acquire and process the charge signals up 

to 18 channels using the single QTM. 

To process the output of MPGD in the QTM, a characteristic test was performed using 

the test charge. The QTM has various parameters for changing the relationship between the 

amount of input charge and the duration of the output signal. In order to provide appropriate 

charge of the secondary electrons (approximately 2.5 pC / incident proton) to the readout 

board leading to the QTM, we applied 800 V/cm between the cathode plate and the GEM, 

and 715 V between the GEM electrodes. The results of the tests showed that the duration of 

1ns approximately corresponded to the collected charge of 80 fC. 

Proton irradiation experiments were performed using an 80-MeV proton beam at the 

beam intensity of 7 nA to measure the two-dimensional beam profile and dose information 

by processing the output signals from the MPGD using the QTM. The experimental setup is 

show in Fig. 2. The intensity distribution of the proton beam measured with MPGD combined 

with QTM is shown in Fig. 3. The results for the MPGD are compared to that for an imaging 

plate (IP) manufactured by Fuji film Co. Ltd. The two-dimensional distributions measured 

using the MPGD are in good agreement with that of IP. In addition, we have observed the 

linear relationship between the integrated charge outputs of the MPGD and irradiation time 

(Fig. 3). Since the beam intensity was kept constant during this measurement, the result 

indicate that the MPGD can be used as a dose monitor as well. 

In conclusion, it was confirmed that the QTM developed in this work was capable of 

processing the charge-output signals of the MPGD. We have successfully evaluated not only 

the intensity distribution but also dose information of the proton beam using the MPGD 

combined with the QTM. 
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Figure 1.  Schematic view of the MPGD beam monitor for proton therapy. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Experimental setup for the beam test of the MPGD beam monitor. 
 
 

 
Figure 3.  The lateral beam-intensity distribution (left) and the linear relationship between the integrated charge 
from the MPGD and irradiation time. The beam intensity was kept constant during the measurement. 
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1.  Introduction 

Short-term exposure to particulate matter (PM) can adversely affect human health 

and numerous studies have been carried out. The main route of exposure is via the 

respiratory tract by inhalation of dusts, fumes and mists. Human tissues and fluids normally 

contain low levels of trace elements as essential element, but abundance of elements in 

tissues is increased as a result of environmental or occupational exposures and is highly 

toxic. Some studies were carried out to know the interaction between these particles and 

human body at a cellular level by using the micro-PIXE/RBS and synchrotron X-ray 

fluorescence microprobe1-3). While the mechanism was suggested in these studies, 

distribution of particles in the cell is still uncertain because 2D imaging only gives a 

projection image of the distribution. The 3D distribution of the particles in the cell will give 

us crucial information on the suggested intracellular interaction mechanism between the 

particles and human cells. Only few imaging techniques exist that allow in-situ 

quantification and distribution of the particles in cell4). We developed a three-dimensional 

(3D) computed tomography (CT) imaging system for imaging to observe the interior of 

small samples with a spatial resolution of a few µm. The imaging system, referred to as 

PIXEμCT, uses particle-induced X-ray emission (PIXE) produced by proton beam 

bombardment of a metal target. The 3D PIXEµCT has a capability to measure intercellular 

distribution of the particles and is one of the most powerful tools. In the previous study, our 

system was optimized to observe the cell interior5). While strong absorption of X-ray was 

observed in the cell, it is difficult to know where the chromium particles are distributed. 

Since X-ray absorption in the cell was too low to distinguish between cell and the part 

where chromium concentration was low. In this study, we applied the dual-energy 



 
31 

 

subtraction imaging method6-8) to the 3D PIXEµCT for cell elemental imaging. The 

dual-energy subtraction method is one of the tools which enhance the contrast of the 

specific elements. The method is based on the sharp change of attenuation coefficient at 

K-absorption edge of contrast media, which is applied to the X-ray radiography in a human 

angiography by adding iodinated contrast media. The method uses two different energy 

X-rays of higher and lower energies of K-absorption edge and subtract image obtained by 

the high energy from the one by the lower energy. Thus the subtract image shows enhanced 

image of iodine6,7). In this study, we analyzed human epithelial cells exposed in vitro to 

cobalt oxide. Short-term exposure of cobalt oxide affects human cell and health. The energy 

of absorption edge of cobalt is 7.71 keV, we choose Sc, Ni and Cu targets, whose 

characteristic X-ray energy are 4.1, 7.47 and 8.04 keV, respectively. By changing the X-ray 

energy, we obtained projection data and reconstructed 3D images corresponding to the 

X-ray energy. 

 

2.  PIXE-micron-CT system 

The PIXEµCT consists of an accelerator, a proton microbeam system, and a target 

chamber system with X-ray CCD camera9-15). In the PIXEµCT configuration, the X-ray 

point source and the X-ray CCD are fixed while the sample is placed in between and it is 

rotated. In this system, 2D X-ray projection data are obtained for each rotation angle of the 

sample and 3D image can be reconstructed. The most unique feature of this system is to use 

PIXE method for the generation principle of X-rays. Conventional CT system (medical CT, 

industrial CT) uses the irradiation of the electron beam to metallic target such as tungsten 

and generates polychromatic X-ray of bremsstrahlung. In that case, energy range is too wide 

and too high for intercellular imaging. On the other hand, PIXEµCT uses the irradiation of 

proton which is about 1800 times heavier than electron. Therefore, X-ray generated with 

this system consists mainly of characteristic X-ray of target element and is 

quasi-monoenergetic16). These properties allow to get high-contrast imaging of cells and are 

suitable for this biological samples analysis as exemplified in insect studies.  

 

3.  Experiment 

3.1. Selection of Target 

Since the PIXEµCT can easily change the X-ray energy by changing the X-ray 

target, the dual-energy subtraction method is suitable for elemental imaging in the system. 
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Since cells were exposed by cobalt oxide, we choose characteristic X-rays of Sc, Ni and Cu. 

Since X-ray energy from Sc target is 4.09 keV, strong absorption will be observed for both 

cell and cobalt oxide particles. Absorption in the cell and cobalt oxide will be minimum for 

Ni target. Absorption of cobalt will be highest for Cu target. X-ray target was set at 30 

degrees with respect to the beam. A thick target was bombarded with a focused 3 MeV 

proton microbeam of 1.3 × 1.6 μm2 and a beam current of 900 pA. The geometric 

magnification was 6.9 for these target. For these parameter spatial resolution is estimated to 

be less than 5 µm. The measurement time was around 3 hours for each X-ray target. 

Two-dimensional (2D) transmission data were obtained with the cone beam and sample 

rotation. A full 3D image was reconstructed from the image data in the vertical plane, using 

filtered back projection (FBP)17,18).  

 

3.2. Sample preparation 

Sample fixation on the rotating shaft of the PIXEµCT. A micro polycarbonate tube 

(Hagitec Co. Ltd., PIT-FS(0.08); inner diameter of 80 µm and tube thickness of 13 µm) was 

used to fix the cells which was adapted from a previous study on lead chromate particles19). 

The tube will be the smallest and thinnest commercially available. Since size of the cell is in 

the order of 10 to 20 µm, tube thickness is almost same order and not deteriorates the 

contrast. Furthermore, composition of the tube is similar to that of cells, it will be useful to 

calibrate the PIXEµCT. 

Human epithelial cells exposed in vitro to cobalt oxide micro-particles solution, of 

400 nm mean size, at 10 µg/mL concentration during 24 h. Cryogenic methods were 

adopted to fix the cell in the tube, since they consist of immobilizing the intracellular 

components by cryofixation and later extraction of the water by freeze drying process. The 

protocol is almost the same as that for SXRF and PIXE analysis3, except for encapsulate 

process. Capillary action was used to insert the cell into the tube. After that, the tube was 

sealed with formvar and cryofixed at -165°C into isopentane chilled with liquid nitrogen. 

Then the sample was freeze dried at -35°C for 1 week after removing the seal. By this 

procedure, the cells were fixed in the inner wall of the tube. Then the end of the tube is 

inserted into the injection needle, and then fixed to rotation shaft by using a pin vice.  

 

4.  Results and Discussion 

Figure 1 shows maximum intensity projection (MIP) images of human epithelial 
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cells measured by proton bombardment of Sc, Ni and Cu targets. The MIP image displays 

only the voxels with maximum intensity along a line from the viewer's eye through the 

volume of data20). Cross sectional images for indicated position are also shown. Strong 

absorption regions are clearly seen for these figures. Since the size of the cells is around 20 

µm, it can be shown that cells incorporated the cobalt oxide intracellularly from this image. 

Although the micro tube made by polyimide is clearly seen for Sc target, it is not so clear 

for Ni and Cu targets due to increases of transmission probability. On the other hand, cells 

are clearly recognized in these images. Cellular chemical composition and density is similar 

to that of the polycarbonate micro tube and their X-ray absorption is similar. Therefore, the 

image for Sc target indicates the absorption both for cell and for chromium oxide. Strong 

absorption for Ni target indicates the presence of Co oxide in the cells. Figure 2 shows the 

cross-sectional views of the cells indicated in Fig. 1. Although the absorption of the images 

for tube reduces as X-ray energy, those of cell is not changed so much due to the strong 

absorption of Co oxide. 

 

Figure 3 shows the line profiles of the cells indicated in Fig. 2. In the CT image, the 

pixel values correspond to the linear attenuation coefficient (μ) and indicated in CT value in 

figure 3. As shown Figs. 1 and 2, tube is evident in the line profiles for Sc K X-rays. The 

peaks in the line profiles for the Sc X-rays are widest, which indicate that the cell absorbed 

Co oxide in the center of the cell. The ratio of CT value is proportional to that of μ for 

materials. CT values of the tube are around 7000. CT values of the cell for Sc X-rays are 

around 25,000-30,000 and higher that for Ni and Cu X-rays. CT values of the cell for Ni 

target are lower than those for other X-rays, which is expected from μ value of Co. The 

ratios CT values of the cells for Sc, Ni and Cu X-rays are 1:0.49:0.71, 1:0.79:0.94 and 

1:0.3:0.41 for cell 1, 2 and 3, respectively. Because the ratios of μ of Co for Sc, Ni and Cu 

X-rays are 1:0.18:0.14, respectively, the enhancement due to absorption edges of Co is not 

so strong in the cell. Since main composition of the cell is O, C, H and N, which are not 

have absorption edges in this energy region, the enhancement due to the absorption edges of 

Co is subdued. These results also indicate that the absorption of Co oxide is depend on the 

cell. 

 

5.  Conclusion 

In this study, we imaged the human epithelial cells exposed of chromium oxide 
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micro particles by using the 3D PIXEµCT. The use of energy selectable 

quasi-monochromatic low-energy X-rays by proton microbeam bombardment in the 

PIXEμCT improved the image quality by taking advantage of the absorption edge of the 

elements compared with conventional X-ray CT that uses bremsstrahlung X-rays produced 

by an X-ray tube. The imaging capabilities were enhanced by using the absorption edge of 

the elements. The cells absorbed Co oxide in the center of the cell. The ratios CT values of 

the cells shows that the strong absorption stems from Co oxide. This information is 

complementary to 2D micro-PIXE analysis which only gives a projection image of the 

elemental distribution.  
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Figure 1.  Maximum intensity projection (MIP) images of human 
epithelial cells measured by proton bombardment of Sc, Ni and Cu targets. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Cross-sectional views of the cells indicated in Fig. 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Line profiles of cell 1, 2 and 3. 
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1. Introduction 

Characterization of the spatial distribution of elements in a specimen is an important 

technique. A microbeam system was installed at a Dynamitron laboratory at Tohoku 

University in 2002 and has been used in several different fields1). The microbeam system 

has been applied to simultaneous in-air/in-vacuum PIXE, RBS, SE, and STIM analyses, 

with applications in various fields2-6). While this analysis system is applicable to 

simultaneous in-air/vacuum PIXE, RBS, and STIM analyses, as well as 3D µCT without 

changing the target chamber7), changes are required in the equipment setup with these 

techniques, which is time-consuming, and a new high-energy-resolution µ-PIXE system for 

chemical state mapping is planned. For this, a wavelength-dispersive X-ray (WDX) 

spectrometer with a high-energy resolution was developed. By combining the WDX and 

microbeam systems, the chemical state of elements can be mapped. Although the WDX 

system can be also adapted to the microbeam line without changing the target chamber, the 

WDX system is large, and precise adjustments are required. To meet these requirements, 

another microbeam line was recently developed in the Dynamitron laboratory dedicated to 

chemical state mapping, i.e., a von Hamos X-ray spectrometer with a charge-coupled device 

(CCD) camera. Although the sensitively of the WDX system was higher than that of 

conventional crystal spectrometers in terms of detection efficiency, larger beam currents are 

required in the microbeam system. In this work, we developed a high-current microbeam 

system dedicated to the WDX-µ-PIXE system for chemical state mapping. 

 

2. Design of the high-current microbeam system 

A microbeam system was developed for the WDX-µ-PIXE system and designed so 
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that the spot size of the beam was 1 × 1 µm2 with a beam current of several hundred pA. 

This new microbeam system is termed MB-II to distinguish it from the existing microbeam 

system (i.e., MB-I, which was developed for biological applications with the aim of 

achieving a submicron beam size8-11). The energy stability of the accelerator was 

significantly improved to <10–4, which is sufficient for submicron beam formation in the 

doublet system without requiring an analysis system8,9,10). MB-II was installed in the –15º 

beam line. This arrangement allows for a total length of the microbeam line of 7 m. The lens 

system of MB-II was a quadrupole doublet, and the spherical and chromatic aberration 

coefficients of the doublet system are smaller than those of the triplet system8,9). The beam 

properties were calculated using TRANSPORT12) and the ray-tracing software package 

WinTRAX13). The working distance was 24 cm, and the separation from the object slit to 

the quadrupole doublet lens was 6.04 m. The demagnification factors were 38 in the 

horizontal plane and 9.5 in the vertical plane. The spot size of the beam was 1 × 1 µm2 

when the beam divergence was limited to 0.2 mrad and the object size was 40 × 10 µm2. 

Figure 2 shows a diagram of the layout of MB-II; the system was composed of a quadrupole 

doublet lens, a micro-slit (MS), and a divergence-defining slit (DS). The total length of the 

line was approximately 7 m. The MS defines the object size, and the DS defines the beam 

divergence into the quadrupole doublet, which was located 5.22 m downstream of the MS. 

In MB-I, a baffle slit (BS) was used to reduce the scattered beam. These components were 

mounted on a heavy rigid support to provide vibration isolation, which was placed on three 

concrete blocks with dimensions of 70 × 70 × 70 cm3. 

 

3. Performance  

3.1. Beam brightness 

The beam brightness is of primary importance to increase the current of the focused 

beam. The beam brightness was characterized by measuring the target current in the 

microbeam with the MS fixed, while varying the DS. The MS widths were 40 × 10 µm2, 

which corresponds to a beam spot size of 1 × 1 µm2. The largest beam brightness of MB-I 

was 2.3 pA·µm-2·mrad-2·MeV-1 with a half-divergence of 0.07 mrad. Since the beam line to 

MB-II is short compared with that of MB-I, the beam brightness at MB-II will be larger 

than that at MB-I, and the beam transport conditions for MB-II will differ from those of 

MB-I. The terminal equipment of the Dynamitron accelerator comprises a duoplasmatron 

ion source along with an extractor, an Einzel lens, an ExB filter, and a gap lens14). The 
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extraction voltage and gap lens voltage significantly affects the beam brightness, which 

determines the lens effects. These parameter was confirmed by both calculations using 

OPTIC-III (National Electrostatic Corporation, NEC) and by experiments8,11,14). A large 

beam brightness of 2.4 pA·µm–2·mrad–2·MeV–1 was achieved with a half-divergence of 0.1 

mrad. The beam brightness of MB-I was decreased significantly for larger divergences, 

which means the beam intensity was stronger in the central region. The beam brightness at 

MB-II, however, did not diminish as the beam divergence increased. This difference results 

from the different beam loss of the beam line components between the accelerator and MB-I. 

Due to the small spherical and chromatic aberration coefficients, the beam divergence into 

the quadrupole lens was 0.2 mrad in MB-II. A beam current of more than 300 pA was 

obtained for a beam spot size of 1 × 1 µm2, which is larger than that of MB-I.  

 

3.2. Beam spot size 

The spot size of the beam was characterized via beam scanning across fine mesh 

samples (Ni meshes, with 2000 lines per inch) by measuring X-rays. The horizontal and 

vertical line profiles shown in Figure 3. The horizontal and vertical line profiles were fitted 

using symmetric double Gaussian convolution to obtain the spot sizes. The line profiles 

were well reproduced using symmetric double Gaussian convolution, which implies that the 

beam profile can be assumed to be Gaussian. A spot size of 1 × 1.5 µm2 was obtained with 

an MS opening of 40 × 10 µm2.  

 

4. Conclusions 

We developed an MB-II high-current microbeam system dedicated for chemical 

state mapping, which was composed of two slits and a quadrupole doublet lens mounted on 

a heavy rigid support. The microbeam system was not equipped with a high-resolution 

energy analysis system and was connected to a switching magnet. The largest beam 

brightness was 2.4 pA·µm-2·mrad–2·MeV–1 at a half-divergence of 0.1 mrad. A beam current 

greater than 300 pA was obtained for an object size of 40 × 10 mm2 with a half divergence 

of 0.2 mrad. The calculated spot size of the beam was 1 × 1 µm2, and the measured spot size 

was 1 × 1.5 μm2. The WDX-µ-PIXE system is currently operational at the microbeam 

system. 
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Figure 1.  The layout of the Dynamitron laboratory. 
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Figure 2.  Scale drawing of the microbeam system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  The horizontal and vertical X-ray line profiles of a fine Ni mesh (2000 lines/inch). 
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1. Introduction 

A microbeam system of Tohoku university was installed in 20021). The Tohoku 

microbeam system comprises a quadrupole doublet and three slit systems and is connected to 

the Dynamitron accelerator after energy analyzing system. After the installation, the 

microbeam system has been used for various applications2-7). The microbeam system was 

upgraded into the triplet lens system for the analysis in the nano-scale region. While the triplet 

microbeam system has higher demagnification comparing to the previous system, higher 

chromatic and spherical aberration coefficient degrade the performance. In order to overcome 

these effects, energy resolution of the accelerator was improved by developing the terminal 

voltage stabilizing system (TVSS).  

 

2. Terminal Voltage Stabilizing System of the Tohoku Dynamitron Accelerator 

The high-voltage generator of a Dynamitron accelerator is a parallel-fed, series-

cascaded rectifier system (Schenkel type voltage generator)8-10). The high-voltage generator 

and the voltage stabilizing system of the Tohoku Dynamitron Accelerator was described 

precisely in the previous publication9). The high voltage of the terminal is controlled by 

varying the RF voltage of the oscillator into the L-C tank circuit of the accelerator. The RF 

voltage is precisely controlled by a high-voltage DC power supply which is stabilized by a 

feedback system which consists of three loops; a fast feedback loop employing capacitors, an 

inner loop involving resisters and an amplifier (inner loop amplifier) and an outer loop11,12). 

The former two loops reference the high-voltage into the oscillation tube and mainly 

minimize output of 50 and 300 Hz ripple due to the primary power supply and of rather fast 

ripple components (up to 10-5～10-6 sec). In the outer loop, the high voltage is measured 



 
43 

 

through a resister network (high-voltage divider, HVD) and a high-precision resistor. The 

voltage generated on the high-precision resistor is compared with a reference voltage. The 

difference in the voltage is amplified by an integral amplifier and a buffer amplifier, and then 

the RF voltage is varied until the difference between the measured and reference voltage is 

eliminated. Thus, the slow fluctuations in the terminal high voltage are removed. The 

response time is in the order of several hundred msec. which is restricted by the discharge 

time of the terminal. The feedback system was designed for more than 40 years ago, and 

consisted of vacuum tubes. In the previous study, adjustment of the feedback gain of the loops 

and the reduction of the noise form the line frequency were carried out. The ripple was greatly 

reduced down to 70 V, but was not enough for the triplet system.  

In order to reduce the voltage ripple, we redesigned the feedback system and made by 

using solid state devices. Figure 1 shows a schematic view of the high-voltage generator and 

the terminal voltage stabilizing system (TVSS). The high voltage of the terminal is measured 

by using a generating voltage meter (GVM) provided by National Electrostatics Corporation 

(NEC). The GVM signals are amplified by an amplifier (the sensitivity is Ca. 2 V/ 1MV) and 

is inputted into a kind of instrumentation amplifier in the TVSS. An instrumentation amplifier 

is a differential amplifier with two input buffer amplifiers, have characteristics of low drift, 

low noise and high common-mode rejection ratio and are used where accuracy and stability 

both short and long-term are required. The voltage signal is compared with a reference voltage 

(control voltage). The difference of the measured and reference voltages are introduced into 

a proportional-integral-derivative (PID) or a proportional-integral (PI) circuit after adjusting 

the gain (GVM feedback gain). Since the response time of the outer loop is in the order of 

several hundred msec, the PI control is enough for voltage regulation. The output voltage of 

the controller is ranging from 0 to 10 V, which corresponds to 0 to 5 MV. Since the previous 

feedback system was composed of vacuum tubes, the voltage range is 0 to -100 V. In order to 

match the previous system, the output voltage of the controller is further amplified to provide 

0 to -100 V signal by a conventional high-voltage amplifier (PA94, Apex Microtechnology, 

Inc.). The inner loop amplifier was differential amplifier composed of three vacuum tubes, 

had an open loop gain of more than 300. The inner loop amplifier is also remade using a PA94. 

The inner loop amplifier is doubly shielded by metal bodies to prevent commingling of noise. 

The whole system is located in the same room (accelerator room) and is connected as close 

as possible to reduce the mixing of possible noises and is controlled remotely from a control 

room by using a programmable logic controllers (PLC, FA-M3; Yokogawa Electric Corp.) 



 
44 

 

via an Ethernet. The reference voltage and GVM feedback gain are controlled by 0 - 10 V 

signals from 16 bit digital-to-analog converters (DACs) in PLC. The accelerator conditions 

(e.g. high voltage, ripple voltage, RF voltage, RF current) are monitored using analog-to-

digital converters (ADCs). The control parameters are stored in the memory space of the PLC. 

A personal computer used as the user interface can only refer to these parameters via an 

Ethernet network. Control software was designed using a LabVIEW based software. During 

the start-up process, control software retrieves the control parameters in the PLC and the 

parameters of the control software are synchronized. The control software send commands 

only when the control parameters changes. This framework was adopted to address the 

situation of a possible computer hang-up. In addition to the hardware interlock, software 

interlock based on the standard operational condition is developed and enables to automatic 

conditioning of the accelerator.  

The voltage ripple of the Dynamitron accelerator was measured using a capacitive 

pick-off (CPO) unit with an amplifier. The CPO output was measured via an amplifier, the 

voltage ripple of frequencies less than 1 kHz can be measured with a sensitivity of 8 V/kV9). 

In the previous studies, a notch filter was installed between the auto regulator and the inner 

loop amplifier to reduce the 50-Hz component. After the modification, the intensity of the 50-

Hz component was greatly reduced and a notch filter did not need to install. The peak-to-peak 

voltage of the ripple was reduced down to 100 Vp-p, which was two third of the previous 

study. Since the peak-to-peak voltage overestimated the energy resolution, voltage ripple was 

measured every 400 µs by an oscilloscope for 2000 s. The ripple voltage variations are 

summarized in Fig. 2. While the peak-to-peak voltage was 100 V, the voltage ripple 

distribution was ca. 20 V FWHM at a terminal voltage of 2 MV. The energy resolution of 10-

5 was achieved.  

The voltage drift at the accelerator affects the spot size of the beam. Because the 

microbeam experiment typically requires a few days, the voltage drift should be minimal, i.e., 

≤10–4. We measured the voltage drift by using a generating volt meter (GVM) at 2 MV for 10 

hours. Figure 3 shows the voltage drift. Terminal voltage increases for the first few hours and 

becomes stable after that. The voltage drift was <50 V/hour (or 1 kV/day). This may be 

considered rather large to maintain a constant beam size and decreases the beam current at 

the microbeam target. Therefore, periodic adjustment of the terminal voltage is required to 

optimize the target current (although a slit feedback system to reduce the voltage drift is 

currently under development). 
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3. Conclusions 

The energy resolution of the accelerator was improved by developing the terminal 

voltage stabilizing system (TVSS) for microbeam application. The energy resolution of the 

accelerator was greatly improved to Ca. 1 × 10-5 ∆E/E. 
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Figure 1.  Schematic of the High-Voltage Generator and Control System of the Tohoku Dynamitron Accelerator. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.  Voltage Ripple Distribution for Ripple Frequencies below 1 kHz. 
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Figure 3.  The measured voltage drift with a nominal Terminal voltage of 2 MV. 
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Introduction 

Chromium is one of essential biotrace elements in some animals but also can be toxic 

in high concentrations. Understanding the behavior of chromium in animals, plants, and 

environment is important and influential on the various fields such as biological sciences. 

The radioactive tracer technique has been widely recognized as a powerful tool for behavior 

analysis of elements in trace amount. The isotopes 48Cr (Half-life: 21.6 h), 49Cr (42.3 min), 

and 51Cr (27.7 d) have potential as radiotracers because of their suitable half-lives. In this 

work, the cross sections for the reactions natTi(α, X)48Cr and natTi(α, X)49Cr up to 75 MeV 

were measured to produce these isotopes efficiently and quantitatively. 

 

Experimental 

The excitation functions of these reactions were measured by the stacked-foil 

technique. The schematic diagram of the target stacks containing natural Ti (99.5% pure) and 

Al (99.9% pure) foils are illustrated in Figs. 1 (a) and (b). The target stacks shown in Figs. 1 

(a) and (b) were irradiated for 30 min. with an α-particle beam delivered from the RIKEN 

K70 AVF Cyclotron and the model 680 Cyclotron at Cyclotron and Radioisotope Center 

(CYRIC), Tohoku University, respectively. The cyclotrons were operated at a beam energy 

of 50 MeV for RIKEN and 80 MeV for CYRIC with a mean current of around 0.4 μA. 

After the irradiation, the target foils were enclosed in a polyethylene film separately 

and were subjected to γ-ray spectrometry using a high-purity germanium detector. The 

incident beam energy and flux were determined by activation of the monitor foil technique 

using the natTi(α, X)51Cr and 27Al(α, X)22,24Na reactions. The reference data were obtained 
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from the IAEA Reference Data1). The energy loss in each foil was calculated using the TRIM 

code2). 

 

Results 

The cross sections for the natTi(α, X)48Cr and natTi(α, X)49Cr reaction obtained in this 

work are shown in Fig. 2. For comparison, the earlier experimental data3–6) of the natTi(α, 

X)48Cr reaction and the values calculated using the Talys 1.6 code7) with default parameters 

are shown in Fig. 3. The cross sections of 48Cr obtained in this work is in good agreement 

with the earlier experimental data. The calculated values with the Talys code reproduce the 

experimental values of 48Cr and 49Cr with a reasonable accuracy although each peak position 

of the excitation functions is deviated slightly. 
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Figure 1.  Schematic diagram of the target stacks for the measurement of the excitation function 
(a) from 8.4 to 50.4 MeV (b) from 44.4 to 75.3 MeV. 
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Figure 2.  Cross section for the natTi(α,X)48Cr and natTi(α,X)48Cr reactions. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.  Comparison with the experimental data obtained and the calculated values. 
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A microreactor has been expected to be a powerful platform for rapid and efficient 

radiosynthesis of positron-emitting radiopharmaceuticals because their specific activities are 

generally very high; in other words, carrier amounts involved in radiosyntheses are very low, 

while their starting labeled precursors such as [11C]methyl iodide ([11C]MeI) and 

[18F]fluoride are often produced in a large volume of gases or water. Rapid and efficient 

concentration of these labeled precursors is thus needed to introduce them into a microreactor. 

Since [18F]fluoride is rather easily concentrated by a combined use of ion exchange and 

evaporation or more conveniently, electrochemical adsorption and release1), many 

applications have been so far reported for 18F-labeled probes, whereas a very few for 11C-

probes2) for lack of a practical method for concentrating [11C]MeI in a solvent in microliter 

volume. 

[11C]Methyl triflate ([11C]MT), converted on-line from [11C]MeI, is widely used as a 

more reactive 11C-methylation agent than [11C]MeI. It can be efficiently trapped even by 

water due to its higher boiling point (100-102°C). This excellent property led us to develop 

an automated module for trapping flowing [11C]MT in a small cold trap, recovering it in a 

small volume of a reaction solvent and introducing it into a microreactor. 

 

[11C]MeI was produced by the gas-phase reaction of [11C]methane and I2 with a  

MicroLab MeI module (GE) and supplied to an automated concentration module with a He 

current (10~50 mL/min). The automated module consists of a AgOTf column heated at 

200°C, two syringe pumps (PSD4, Hamilton), and a spiral tube cooled with a thermoelectric 

cooler as shown in Fig. 1. The thermoelectric cooler was made of a Peltier device (19.5 W) 

coupled with a small free-piston Stirling cooler (FPSC module UD08, Twinbird). Its 
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construction is illustrated in Fig. 2. One side of the Peltier device contacted with a metal 

spiral tube of stainless steel (SS) or Cu (0.3~0.75 mm i.d. x 200~400 mm long) for trapping 

[11C]MT below -40°C and the other side with the FRSC to remove heat from the Peltier. The 

module was controlled with a LabVIEW software. 

[11C]Methyl triflate carried with He was converted on-line from [11C]MeI on the 

AgOTf column and continuously flowed through the spiral metal tube. The tube was then 

warmed up to room temperature and the [11C]MT trapped was eluted with acetone (25 

µL/min). The trapping efficiency was obtained by varying the He flow rate and the 

temperature (see Table 1). The radioactivity of [11C]MT was monitored with two radiation 

sensors located at the tube (RIS-01) and the mixing line (RIS-02), respectively. The reactivity 

of a recovered [11C]MT was preliminarily evaluated by preparation of [11C]raclopride. A 

solution of desmethylraclopride triflate in acetone (1 mg/400 µL) and NaOH (0.5 M, 15 µL) 

and the [11C]MT in acetone were flowed at a rate of 25 µL/min each and mixed at an inlet of 

a Y-shaped micromixer (YMC KC-M-Y-SUS, 18.4 µL) at room temperature. The reaction 

mixture (34 µL) was added to H3PO4 (10 mM, 0.8 mL) and then injected into a semi-

preparative HPLC column (YMC ODS-A324, 10 x 250 mm). An elution profile was 

compared with that obtained by the loop method3). 

 

The results shown in Table 1 clearly indicate that temperature was more critical than 

the other parameters of material and dimension of the spiral tube and He flow rate. The 

temperatures below -70°C gave the efficiencies of over 90%, suggesting that the melting 

point (-64°C) of MT was a critical temperature rather than the boiling point (100-102°C). No 

difference was found between SS and Cu, and no distinct effect could be drawn from the 

limited results for the size of tube and the He flow rate. However, it should be mentioned that 

the decrease in flow rate results in increasing processing time, i.e., more decay of 

radioactivity although it may be favorable for efficient trapping. The dimension of the tube 

is apparently an important parameter directly related with the volume of the recovery solvent. 

Figure 3 demonstrates a typical trapping and elution profile of [11C]MT (Entry 9 in 

Table 1). It took nearly 4 min to transfer [11C]MeI from the MicroLab MeI module and flow 

[11C]MT through the trapping tube at a He flow rate of 15 mL/min since a total volume of He 

needed for recovering the all from the module was ca. 60 mL. Additional flowing for a few 

min confirmed that the trapped [11C]MT was not released into He again. Then, the [11C]MT 

was eluted successfully in 14±6 µL acetone with a recovery of >93%. Microfluidic 
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radiosynthesis of [11C]raclopride was carried out. Although the reaction was not optimized, 

it was suggested by comparison of the HPLC separation profiles that the reaction of the 

concentrated [11C]MT was the same with that used in routine production of [11C]raclopride 

by the loop method3). Further study on microreactor radiosynthesis of 11C-labeld probes is in 

progress. 
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Table 1.  Trapping efficiency of [11C]MT vs. temperature and He flow rate with various metal tube. 

Entry 
Spiral tube 

Temperature He flow rate  Trapping 
efficiency Material Inner diameter x length (volume) 

5 SS* 0.75 x 300 mm (132 μL) -44°C 50 mL/min <1% 
2 SS* 0.75 x 300 mm (132 μL) -61°C 50 mL/min 2% 
3 SS* 0.5 x 200 mm (39 μL) -79°C 30 mL/min 96% 
4 Cu 0.5 x 300 mm (59 μL) -61°C 15 mL/min <1% 
5 Cu 0.5 x 300 mm (59 μL) -72°C 15 mL/min 98% 
6 Cu 0.5 x 300 mm (59 μL) -74°C 15 mL/min 95% 
7 Cu 0.3 x 400 mm (28 μL) -74°C 10 mL/min 99% 
8 Cu 0.3 x 200 mm (14 μL) -74°C 10 mL/min 98% 
9 Cu 0.3 x 200 mm (14 μL) -85°C 15 mL/min 98% 

*Stainless steel 
 
 

 

Figure 1.  A PC control view of the automated concentration module and reaction/HPLC separation modules. 

Spiral 
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Figure 2.  Construction of a trap of flowing [11C]MT with metal tube cooled with a thermoelectric cooler.  
 
 

 

Figure 3.  A typical trapping and eluting profile of [11C]MT. 
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[18F]FRP-170 was developed as a hypoxic imaging probe at CYRIC1) and has been 

extensively applied to clinical research at several PET centers in Japan2-5). It was originally 

prepared with a conventional method based on 18F-fluorination in a glass vessel and HPLC 

purification, and later modified by introducing on-column deprotection for simplification of 

the synthetic procedure6). 

Microfluidics is expected to offer an excellent platform for rapid and efficient 

radiosynthesis of 18F-radiopharmaceuticals. Its advantages over conventional radiochemistry 

have been demonstrated in many 18F-PET probe radiosyntheses. We developed a new method 

for electrochemical concentration of aqueous [18F]fluoride into an aprotic solvent such as 

acetonitrile7) and successfully applied it to microfluidic radiosynthesis of several 18F-

radiopharmaceuticals8). In this report, we applied this concentrated [18F]fluoride to the 

preparation of [18F]FRP-170. The 18F-fluorination in a microfluidic chip was optimized and 

[18F]FRP-170 with high chemical and radiochemical purities was conveniently prepared by 

alkali hydrolysis and purification on a single solid-phase extraction (SPE) cartridge. 

 

[18F]Fluoride was produced in 18O-enriched water with the HM-12 cyclotron at 

CYRIC. It was flowed through a disposable flow chip, where it was electrochemically 

trapped by carbon electrode, washed with acetonitrile (MeCN) and then released into a small 

volume of anhydrous MeCN containing a Kryptofix 2.2.2-KHCO3 complex 

([K/K.222]HCO3). The [K/K.222][18F]F recovered from the chip was reacted with the 
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precursor in a microfluidic chip according to the scheme shown in Fig. 1. The whole 

radiosynthesis was carried out on a specially developed automated microreactor module 

(Shimadzu Corp.) as shown in Fig. 2. The reaction solution eluted from the chip (200 µL/min) 

was on-line diluted with water (4.0 mL/min) and the mixture was passed through a 

commercially available SPE cartridge: Sep-Pak Plus tC18 Short, tC18 Long, or PS2 (Waters), 

or Supelclean ENVI-Carb 100 mg or 250 mg (Supelco). The cartridge was washed with water 

(10 mL) and then filled with NaOH (0.5 M). After the cartridge was allowed to stand at room 

temperature for 1 min, NaOH was washed out with water (10 min). The hydrolyzed products 

on the SPE cartridge were then eluted with water containing ethanol (EtOH) and analyzed by 

HPLC on a YMC-Triart C18 column (4.6 x 150 mm) with a solvent system of MeCN/H2O 

(40:60) at 2.0 mL/min. RP-170 derived from the precursor was quantified by HPLC on an 

Waters Puresil C18 column (4.6 x 150 mm) with a solvent system of MeCN/H2O (7:93) at 

2.0 mL/min and 280 mm UV. 

 

The conditions were optimized for microfluidic reaction on precursor concentration, 

time and temperature since the reaction solvent was replaced from dimethylformamide 

(DMF) to MeCN in the present synthesis. As seen in Figs. 3a-c higher 18F-fluorination yields 

of over 80% were obtained with the optimal conditions of 5 mg/mL, 0.125 min and 130ºC 

than those by the conventional method with DMF1,6). Microfluidics thus proved to be very 

powerful for improving radiochemical yields of 18F-radiopharmaceuitcals. 

Another advantage expected from microfluidic radiosynthesis is to decrease amounts 

of precious reagents such as a precursor. In the present microfluidic reaction, however, the 

precursor amount was decreased only by 0.5 mg (from 2.0 to 1.5 mg) owing to the increased 

concentration for higher radiochemical yields. Nevertheless, the decrease in precursor 

amount encouraged us to develop a simple purification method with a SPE cartridge. The 

same SPE cartridge was used for on-column hydrolysis with NaOH followed by separation 

of [18F]FRP-170 from other radioactive and non-radioactive byproducts. As seen in Fig. 4a, 

the hydrolysate contained more polar products than [18F]FRP-170 such as [18F]fluoride and 

RP-170 and less polar products such as the precursor and partially hydrolyzed products such 

as Ac-[18F]FRP-170 and Tos-RP-170. Elution of the cartridge with water removed NaOH and 

the polar products. Subsequent elution with water containing 10% EtOH from a tC18 

cartridge gave fairly good recovery of [18F]FRP-170 with high radiochemical purity, whereas 

a noticeable amount of Tos-RP-170 was observed as seen in Fig. 4b. The [18F]FRP-170 
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obtained with PS2 and Supelclean ENVI-Carb (250 mg) cartridges suffered from very low 

recovery probably due to its strong adsorption. Increase in the EtOH content improved the 

recovery but considerably lowered chemical purity. Among the cartridges examined, 

Supelclean ENVI-Carb (100 mg) gave satisfactory radiochemical yields of [18F]FRP-170 

(55±6%, n=12) and high radiochemical (>99%) and good chemical purities. The amount of 

RP-170 in the EtOH eluate, however, was estimated to be >20 µg/mL. Since our regulatory 

recommendation on clinical use of [18F]FRP-170 requires that the maximum injection 

amount of RP-170 should be 5.5 µg, further efforts to decrease this amount was made. 

Washing the cartridge with 4% EtOH (20 mL) instead of water (10 mL) successfully 

decreased the amount below 1 µg/mL by discarding nearly half of the [18F]FRP-170. A 

[18F]FRP-170 injection with both high chemical radiochemical purities was consequently 

prepared in radiochemical yields of 38±3% (n=5) by microfluidics and SPE. 
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Figure 1.  Synthetic scheme of [18F]FRP-170. 
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Figure 2.  A schematic diagram of the automated microreactor module based on electrochemical concentration 
method of [18F]fluoride. 

 
 
 

 

Figure 3.  Correlations of 18F-fluorinations with (a) precursor concentration, (b) reaction time and (c) reaction 
temperature. 
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Figure 4.  HPLC analyses of (a) the reaction products and the purified [18F]FRP-170 with (b) Sep-Pak Plus 
tC18 Long, (c) Sep-Pak Plus PS2 and (d) Supelclean ENVI-Carb 100 mg. 
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Introduction 

Abnormal deposits of amyloid-β and hyperphosphorylated tau protein in the brain 

cortex are the pathological hallmarks of Alzheimer’s disease (AD). In this decade, many 

radiolabeled small-molecule probes have been developed for the purpose of non-invasive 

imaging of these pathologies by positron emission tomography (PET)1). Previously, we 

reported 18F-labeled 2-aryluqinoline (2-AQ) probes which showed selective binding to tau 

and high brain uptake followed by rapid clearance from the brain in normal mice2). However, 

they showed a marked white matter retention in both healthy controls and AD patients in the 

initial clinical studies3). Such characteristics should be minimized in the development of a tau 

probe because it may complicate visual inspection of PET images. In this study, we conducted 

a structure-activity relationship study of 2-AQ derivatives to develop a high performance tau 

PET probe with low background radioactivity in the brain4). 

 

Materials and Methods 

Radiosyntheses of 2-AQ derivatives were achieved by general nucleophilic 

substitution with [18F]KF and tosylate precursors. Binding characteristics of compounds were 

evaluated by autoradiography (ARG) with AD brain sections. In vitro binding assays were 

performed to evaluate the binding affinity for AD brain homogenate. The experiments with 

human samples were performed under the regulations of the ethics committee of Tohoku 
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University School of Medicine. Blood-brain barrier permeability was determined by 

biodistribution assay with male ICR mice. Metabolism analysis was also performed in mice. 

The experiments using mice were approved by the Committee on the Ethics of Animal 

Experiments at Tohoku University School of Medicine. 

 

Results and Discussion 

We synthesized fifteen 18F-labeled 2-AQ derivatives (Fig. 1), and the radiochemical 

yields ranged from 11 to 72% (decay corrected). The specific activities ranged from 16.1 to 

118 GBq/μmol. Their radiochemical purities were greater than 99%. Binding assays 

suggested that most 2-AQ derivatives with a side-chain on position 6 of the quinoline showed 

higher binding affinity to tau aggregates in AD brain homogenates (Kd: 2.60~11.5 nM); 

meanwhile, those of derivatives with a side-chain on position 7 of the quinoline or position 

3’ of the benzene were much lower than other tested compounds. A similar tendency of the 

binding affinity of compounds was seen in ARG assay with AD brain sections. All derivatives 

showed high initial brain uptakes ranging from 2.72 percent injected dose (%ID)/g to 

9.20 %ID/g in mice. A correlation between the brain uptake ratio 2 min over 10 min post-

injection and the lipophilicity suggested that lower lipophilic derivatives tended to exhibit 

faster washout from the brain. 

From the results of the above experiments, we selected a pyridinyl compound named 

[18F]THK-5151 as the most promising candidate for tau PET imaging. [18F]THK-5151 has a 

chiral center in its (3-fluoro-2-hydroxy)-1-propoxyl side-chain and thus has two optical 

isomers called enantiomers. Enantiomers often differ in biological activities such as 

pharmacokinetics and metabolism; therefore, we synthesized [18F]THK-5351 (S-enantiomer) 

and [18F]THK-5451 (R-enantiomer) and evaluated their properties as tau probes. Both 

enantiomers showed high tau selective binding and low nonspecific binding to white matter 

in ARG assay (Fig. 2). Interestingly, the biodistribution study in mice revealed that 

[18F]THK-5351 had a faster clearance from the brain and blood compared with [18F]THK-

5451 (Fig. 3A, B). Additionally, bone radioactivity of [18F]THK-5451 injected mice was 

higher than that in [18F]THK-5351 injected mice, suggesting that [18F]THK-5451 is more 

susceptible to in vivo defluorination than its antipode (Fig 3C). These pharmacokinetic 

differences between enantiomers were seemed to be caused by stereoselectivity in 

metabolism.  
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Conclusion 

This structure-activity relationship study revealed the appropriate chemical 

characteristics of 2-AQ derivatives for tau probes such as 18F-labeling side-chain, 

fundamental framework and lipophilicity. Altogether, [18F]THK-5351 showed outstanding 

binding property and pharmacokinetics among tested compounds, and now evaluation of its 

clinical utility is ongoing by PET studies in AD patients5). 
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Figure 1.  Fundamental structure of [18F]2-AQ derivatives (top) and partial structures investigated in this study 
(bottom squares). 
 
 
 

 

 

Figure 2.  A: Chemical structures of THK-5151 enantiomers. B-D: Tau (Gallyas-Braak) staining (B) and 
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autoradiograms of AD brain sections of [18F]THK-5451 (C) and [18F]THK-5351 (D).  

 
 

 

Figure 3.  Biodistribution of [18F]THK-5151 enantiomers in mice brain (A), blood (B) and bone (C). circles: 
[18F]THK-5351; squares: [18F]THK-5451. 
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Introduction 

Triarylphosphonium (TAP) cation has the property of passing through the cell 

membrane and accumulating in mitochondria depending on mitochondria membrane 

potential (MMP). 18F-Labeled TAP derivatives such as [18F]fluorobenzyltriphenyl-

phosphonium ([18F]FBnTP) are tend to accumulate in heart tissue like [99mTc]sestamibi and 

[99mTc]tetrofosmin, and thus are expected to be used for myocardial perfusion imaging (MPI) 

agents by positron emission tomography (PET). Although [18F]FBnTP has been used as a 

“gold standard” PET tracer for MPI1,2), a corrosive liquid reagent and complicated processes 

are necessary for the radiosynthesis of the tracer. Biologically, this tracer shows high 

accumulation in the liver as same as in the heart that may be caused by slow clearance from 

the liver. In this study, we tried a new method to simplify the preparation of [18F]FBnTP. Then, 

we designed and synthesized a [18F]FBnTP derivative 18F-labeled-triethylene glycol side 

chain by the new synthesis method and evaluated the biodistribution property3).  

 

Methods 

A conventional method for [18F]FBnTP synthesis requires the use of Ph3PBr2, a 

corrosive liquid reagent, for conversion of [18F]FBnOH to [18F]FBnBr which reacts with 

triarylphosphine to form a phosphonium structure. To make this process simplified, we used 

triphenylphosphine hydrobromide (PPh3•HBr) for direct preparation of [18F]FBnTP from 
18F-fluorobenzyl alcohol (Fig. 1A). [18F]FPEGBnTP was also synthesized from [18F]FPEG-

BnOH and PPh3•HBr (Fig. 1B). The 18F-labeled phosphoniums were purified by semi-

preparative HPLC. Lipophilicity of FBnTP and FPEGBnTP, that is, their octanol/water 

partition coefficient (LogP) were measured by conventional method. A radiotracer uptake 

assay and an MMP assay using human cholangiocarcinoma cells (TFK1) and human breast 

cancer cells (MCF7, MB231, MB453) were performed for evaluation of an MMP-dependent 
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cellular uptakes of [18F]FPEGBnTP. Then, biodistribution of [18F]FPEGBnTP in normal mice 

was assessed.  

 

Results and Discussions 

Ph3PBr2 is not suitable for automatic synthesis devices or conventional uses because 

it is highly corrosive and unstable to moisture. To avoid such disadvantages, we considered 

the use of PPh3•HBr, which is stable in the air and react with benzyl alcohol to form a 

phosphonium structure in one step. Using this reagent, [18F]FBnTP and [18F]FPEGBnTP were 

successfully prepared in the yields of 12–14% (n=5) and 13–23% (n=8), respectively (decay-

corrected). LogP values of FBnTP and FPEGBnTP were -0.38 and -0.92, respectively, 

indicating that FPEGBnTP is relatively less lipophilic than FBnTP. Cellular uptakes of 

[18F]FPEGBnTP and MMPs of the four cell lines were summarized as a scatter diagram (Fig. 

2). The diagram shows a linear correlation (R2 = 0.9972) between the relative intensity of 

MMP and cellular uptake values, suggesting the MMP-dependency of the cellular 

incorporation of [18F]FPEGBnTP. Biodistribution study revealed that [18F]FPEGBnTP tend 

to accumulate mainly in the heart and kidney (Fig. 3). Furthermore, the tracer shows the lower 

retention in the liver, resulting in a higher ratio of heart/liver (4.0±0.28 at 60 min) in 

comparison to that of [18F]FBnTP (1.5±0.61 at 60 min) reported by Madar et al .2), indicating 

that the liver pharmacokinetics of [18F]FPEGBnTP was improved. The time-dependent 

increase of radioactivity in the bone suggests a low tolerance to defluorination of 

[18F]FPEGBnTP in vivo and further chemical modification to show better in vivo stability. 

 

Conclusions 

In this study, we established a new synthetic route for [18F]FBnTP using PPh3•HBr 

instead for Ph3PBr2. According to this method, [18F]FPEGBnTP, a newly PEGylated 

[18F]FBnTP derivative, was developed. The tracer incorporated into a particular cancer cell 

line in proportion to the MMP in vitro and highly accumulated in the heart in vivo, suggesting 

that [18F]FPEGBnTP would be a possible candidate for a new 18F-labeled MPI agent. 
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Figure 1.  Radiosynthesis schemes of [18F]FBnTP (A) and [18F]FPEGBnTP (B). 

 
 
 

 
Figure 2.  Correlation between cellular uptake of [18F]FPEGBnTP and MMP 
intensity (JC-10 ratio). A linear correlation was observed (R2 = 0.9972). 

 
 
 

 
Figure 3.  Biodistribution of [18F]FPEGBnTP in normal mice. 
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Introduction 

PET is a noninvasive molecular imaging technique that visualizes physiologic and 

pathologic conditions using PET radiopharmaceuticals. Although small molecules based PET 

radiopharmaceuticals such as 18F-fluorodeoxyglucose (FDG) are widely used in clinical 

practice and research, bioactive proteins are of interest for PET radiopharmaceuticals to 

evaluate physiological functions, potentially diagnose diseases, and characterize 

pharmacokinetics themselves1). We previously proposed a novel strategy for labeling proteins 

using a cell-free translation system and 11C-methionine2,3). However, in general proteins tend 

to show slower kinetics than small molecules, thus requiring a longer scanning time4). Here, 

we show expanded our strategy using a cell-free translation system and 18F-labeled amino 

acid (Fig. 1). Since 18F-labeled amino acids are unnatural amino acid, it is not easy to 

incorporate into proteins directly unlike 11C-methionine. Therefore, we searched several 

fluorinated amino acids that meet criteria for labeling proteins such as easily labeled with 18F 

and incorporation into proteins instead of natural amino acid and tried to demonstrate proof 

of concept of our strategy. 

 

Methods 

PURExpress® (New England BioLabs) is used in this study as a cell-free translation 

system because it can be easily customized with respect to the components of the reaction 

solution. We choose interleukin-8 (IL-8) as a model protein. The reaction solution contains 

PURExpress reagents and fluorinated amino acids such as (2S, 4R)-4-fluoro-L-proine (trans-

FPro), (2S, 4S)-4-fluoro-L-proine (cis-FPro), O-fluoroethyl-L-tyrosine, and O-fluoromethyl-

L-tyrosine5) instead of each natural amino acids. After incubation at 37°C for 2 hrs, the 
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samples were analyzed by western blotting (IL-8) and MALDI-TOF MS. Next, we 

characterized the binding ability of fluorinated IL-8 variants using in vitro competitive 

binding assay. Finally, 18F-IL-8 was prepared using PURExpress® and 18F-fluoro-L-proline 

and investigated its pharmacokinetics and utility using Xenograft-bearing mice with small 

animal PET. 

 

Results 

Western blotting showed the fluoro-L-proline (FPro) successfully incorporated into 

IL-8 instead of natural L-proline, but not fluorinated tyrosine derivatives. FPro has 

stereoisomers including trans-FPro and cis-FPro. There were no significant differences in the 

amounts of synthesized IL-8 between FPro isomers determined by IL-8 ELISA. MALDI-

TOF MS also confirmed that incorporation of FPro into IL-8 instead of natural L-proline.  

In vitro competitive binding assays using IL-8RA expressing cells indicated that IL-

8 variants containing FPro completely inhibited the 125I-IL-8 binding to IL-8RA and showed 

lower IC50 values than wild-type IL-8. The trans-FPro variant bound to IL-8 RA with higher 

affinity (IC50 = 1.5 ± 0.1 nM) than the cis-FPro variant (IC50 = 3.0 ± 0.3 nM). Therefore, we 

chose trans-FPro as an 18F-labeled amino acid source for further investigation.  

Trans-18F-FPro was successfully prepared with sufficient radiochemical yield (decay 

corrected, 30-40%) as previously reported6). Next, we investigated whether trans-18F-FPro 

can be incorporated into IL-8 like unlabeled FPro. Gel autoradiography showed a radioactive 

band at approximately 10kDa, which is consistent with the results of western blotting of IL-

8 and the radioactive bands were increased in a time dependent manner (Fig. 2A). After 

incubation for 120 min to yield maximum amount of radioactive proteins, 18F-IL-8 was 

purified using a cation exchange spin column within 30 min, with resulting radiochemical 

purity exceeding 92% determined by gel autoradiography (Fig 2B).  
18F-IL-8 showed rapid distribution in the body of mice and the largest uptake in the kidneys 

and then gradually accumulated in the bladder. The PET images summed from 60 to 130 min 

after intravenous administration of 18F-IL-8 and trans-18F-FPro are shown in Fig. 3. 18F-FPro 

clearly showed tracer uptake in IL-8 RA xenografts with high contrast, whereas trans-18F-

FPro did not. 

 

Conclusions 

The present study demonstrated proof of concept of our strategy for the labeling 
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proteins with 18F using a cell-free translation system and trans-18F-FPro. We successfully 

expanded our strategy from 11C to 18F, which is preferable for proteins with slower 

pharmacokinetics. However, there are several limitations such as 1) the lower radiochemical 

yield than conventional labeling methods for 18F and 2) slow incorporation rate of trans-18F-

FPro. To overcome these limitations, further improvement will be needed using novel 

techniques. 
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Figure 1.  Schematic illustration of our strategy for labeling of protein with 18F. 
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Figure 2.  Radiosynthesis of 18F-IL-8 using PURExpress and trans-18F-fluoro-L-proline. 
(A) gel autoradiograhy and western blotting (IL-8): Lanes 1(6), 2(7), 3(8), 4(9), 
and 5(10): incubation for 15, 30, 60, 90 and 120 min (B) Chromatogram of 18F-
IL-8 from the gel autoradiography analysis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  18F-IL-8 and trans-18F-fluoro-L-proline PET images from 60 to 130 
min in IL-8RA expressing xenograft-bearing mice after injection of 
radiotracers. 
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Introduction 

Alzheimer’s Disease (AD) is a form of dementia, defined by histopathological 

features like senile plaques and neurofibrillary tangles, with clinical symptoms such as loss 

of memory & executive functions, which may only be apparent many years later1). As there 

is no known treatment for AD once dementia set in, and with the increasing cost of care for 

AD, there is a growing interest in diagnosing subjects for possible AD conversion before 

clinical symptoms appear. Amyloid imaging using Positron Emission Tomography (PET) 

provides a non-invasive, in-vivo diagnosis of subjects based on cerebral amyloid load. In 

developing successful amyloid radiotracers to diagnose the amyloid burden in subjects, many 

challenges to consider (e.g. poor in-vitro to in-vivo conversion, different Aβ and tau binding 

etc.). To facilitate decision making in moving candidate amyloid radiotracers to clinical 

application, a screening methodology of amyloid PET radiotracers based on in-silico data 

and a biomathematical model was developed by the authors. 

The biomathematical model developed was based on a 1-tissue compartment model 

developed by Guo et al. for CNS tracers2). Two in-vitro pharmacological parameters, free 

fraction in plasma (fP) and free fraction in tissue (fND) are required to generate kinetic 

parameters for SUVR simulations. However, fP values of only three amyloid radiotracers were 

reported in literatures and were measured using either rat or monkey plasma (Table 1). We 

proposed a methodology based on in-silico lipophilicity values and a relational model3) to 

derive in-silico fP and fND values. The purpose of this project was to validate the in-silico fP 

values with in-vitro fP values measured by means of ultrafiltration for 3 available amyloid 
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radiotracers in CYRIC, Tohoku University – [11C]BF227, [11C]PIB and [18F]florbetapir. 

 

Methods 

Ultrafiltration 

One tube of frozen human plasma samples (4 mL, with Heparin) was defrost at 37°C 

for 30 min in a pre-warmed incubator. Presence of triglycerides and plasma pH were 

checked4). 4 mL of PBS were pipetted into another storage tube and kept in the incubator for 

30 min. For each tracer, 1% (F-18) or 5% (C-11) of the total volume of plasma sample (40 

μL and 200 μL respectively), of radioactive compounds were pipetted into plasma and PBS 

storage tubes respectively. Both tubes were vortexed and incubated for 30 min at 37°C, with 

side-to-side tiling motion to ensure continuous mixing. 

Radioactive plasma and PBS were pipetted into 3 Centrifree tubes (1 mL, 10 kDa 

MWCO, Millipore) each and centrifuged with sliding buckets at 2000 x g for 20 min at 37°C, 

using a temperature-controlled centrifugal machine (Kubota 2800, Japan)5). The Centrifree 

tubes of both plasma and PBS each, were weighted as a whole with their respective 

ultrafiltrate containers, before and after centrifugation to obtain the weight of the top plasma 

(Wpti) and bottom ultrafiltrate (Wpfi).  

Fifteen empty gamma counter tubes were weighed. 100 μL of the plasma in the 

original storage tubes (Cpi), plasma in the top part of the Centrifree tubes (Cpti) and the 

respective ultrafiltrate (Cpfi) were pipetted into gamma counter tubes and radioactivity in each 

tube was measured using WIZARD2 (2480, Perkin Elmer) in three aliquots. The same 

procedures were repeated for PBS to obtain Cbi, and Cbfi only. For each tracer, fP was 

measured using three aliquots to determine variability within each measurement and 

measurements were carried thrice to determine reproducibility of measurements. 

 

Calculation of recovery, non-specific binding (NSB) & free fraction in plasma (fP) 

Due to NSB in ultrafiltration, a few methods were proposed to calculate fP from 

ultrafiltration measurements, with basic method used as a standard4. However, it does not 

correct for NSB and hence a “reference” method was introduced to correct for NSB6). 

However, correcting fP measurements using PBS was said to be inappropriate as PBS has 

different viscosity properties from plasma7). Moreover, ultrafiltration measurements were 

dependent on volume ratio of ultrafiltrate, hence a mass-balanced method7) was introduced 

to correct for possible differences in measurements due to differences in volume ratio. The 
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various methods of determining fP values were explored to compare with reported fP values 

(Table 1). 

 

A. Based on Mass-Balanced Method7): 

Protein binding, recovery were calculated by mass balance as follows: 

%Recovery =  ��
�𝐶𝐶pf𝑖𝑖 × 𝑊𝑊pf𝑖𝑖� + �𝐶𝐶pt𝑖𝑖 × 𝑊𝑊pt𝑖𝑖�

(𝐶𝐶p𝑖𝑖 × 𝑊𝑊p𝑖𝑖)
�

𝑛𝑛

𝑖𝑖

 ×  
100%
𝑛𝑛

 (1) 

%NBS =  ��1 −
𝐶𝐶bf𝑖𝑖
𝐶𝐶b𝑖𝑖

�
𝑛𝑛

𝑖𝑖

 ×  
𝟏𝟏𝟏𝟏𝟏𝟏%
𝑛𝑛

 (2) 

𝑓𝑓P =  ��
𝐶𝐶pf𝑖𝑖  ×  𝑉𝑉pf𝑖𝑖

�𝐶𝐶pt𝑖𝑖  ×  𝑉𝑉pt𝑖𝑖� + �𝐶𝐶pf𝑖𝑖  ×  𝑉𝑉pf𝑖𝑖�
�

𝑛𝑛

𝑖𝑖

× 
100%
𝑛𝑛

 (3) 

B. Based on Reference Method6): 

𝑓𝑓P =  ��
𝐶𝐶pf𝑖𝑖 𝐶𝐶p𝑖𝑖⁄
𝐶𝐶bf𝑖𝑖 𝐶𝐶b𝑖𝑖⁄ �  ×  

100%
𝑛𝑛

𝑛𝑛

𝑖𝑖

 (4) 

C. Based on Basic Method4): 

𝑓𝑓P =  
𝐶𝐶pf𝑖𝑖
𝐶𝐶p𝑖𝑖

 × 100% (5) 

where i refers to the no. of samples measured (n = 1 ~ 3), p refers to plasma and b refers to 

PBS (buffer), t refers to top part of Centrifree tube, f refers to the ultrafiltrate part of the 

Centrifree tube, without t or f means the total of both top and filtrate part of Centrifree tube. 

C refers to the radioactive concentration measured using WIZARD and W refers to the weight 

of the sample. For example, Cpi is radioactive concentration in plasma, Wpi is the weight of 

total weight of the samples in the top of the Centrifree tube and in the ultrafiltrate container, 

Cti and Wti are the radioactive concentration and weight of sample in the top of the Centrifree 

tube, Cfi and Wfi are the radioactive concentration and weight of the ultrafiltrate in the filtrate 

container. 

 

Results  

Table 2 shows the calculated recovery, NSB and fP calculated by the 3 methods 

mentioned. The in-silico fP values are also shown in Table 2. 

 

Discussions 

Up to date, very few literatures have reported the values of plasma free fraction (fp), 
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(Table 1), and the equations used to calculate fP were not discussed. fP values were measured 

by means of thin layer chromatography and ultrafiltration and no fND values were reported in 

the literatures. fP values measured using animals’ (rat and monkey) plasma samples were used 

for measurements (Table 1), instead of human plasma samples, which made comparison of 

reported and measured fP values (Table 2) difficult. 

Equilibrium Dialysis is the gold standard used to measure both fP and fND , but was 

not carried out due to limitations and long time required for measurement. Ultrafiltration was 

applied instead but measurements could only be used reliably if verified with ultrafilitration. 

However, non-specific binding (NSB) should be kept low (<5%)4), and volume of ultrafiltrate 

should be kept controlled within 40% of total volume4,5). The average volume ratio of the 

ultrafiltrate is kept less than 20%, with an overall mean of 18.4% and standard deviation of 

0.5%. The variabilities within experiment and between the experiments, were less than 5% 

regardless of the tracers used and the calculation methods applied (Table 2). Hence, the 

procedure parameters were well-controlled for fP measurements. 

[11C]PIB had the highest NSB to filter membrane, followed by [11C]BF227 then 

[18F]florbetapir, with the same order for fP values calculated using mass-balanced and basic 

methods. [11C]BF227 has the highest referenced fP values, followed by [11C]PIB then 

[18F]florbetapir. In-silico fP values showed similar trend with reference fP values.  

Due to the binding nature of all three amyloid tracers measured, NSB values measured 

were always greater than 50% and %Recovery values measured were also less than 90%, 

hence ultrafiltration was not a suitable method for measuring fP. Moreover, only three clinical 

amyloid radiotracers were available for fP measurements hence it was difficult to use the fP 

values for validating in-silico fP values or for correlating with clinical outputs or for use in 

in-silico/in-vitro model prediction. 

 

Conclusions 

The results showed that ultrafiltration was not a suitable method for measuring fP 

values. Although only three radiotracers were evaluated, the measured results showed a 

similar trend in terms of clinical tracer evaluation, whereby [11C]PIB showed better amyloid 

binding then [11C]BF227 and [18F]florbetapir. If more clinical radiotracers were available, 

further evaluation on the possible co-relationships could be carried out. 
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Table 1.  Free fraction in plasma (fP) reported in Literatures. 

Tracer fP (%) Method of Measurement Species References 

[11C]PIB 14 Thin-layer Chromatography at 60 min Rat (8) 

[18F]Flutemetamol 1 (0.9–1.3)# Ultrafiltration Rat (8) 

[11C]MeS-IMPY 0.83±0.17* Ultrafiltration Monkey (9) 

  #Range of fP values 

  *Mean ± Standard deviation 
 
 
Table 2.  Recovery, NSB, Plasma Free Fraction (fP) and ultrafiltrate volume ratio measured using ultrafiltration 
(Mean ± Standard deviation) and in-silico fp values (Right) for [11C]PIB, [18F]Florbetapir and [11C]BF227. 

Tracers Recovery  
(%) 

NSB 
(%) 

Volume 
ratio (%) 

Mass balanced 
fP (%) 

Referenced 
fP (%) 

Basic fP  
(%) 

In-Silico 
fP (%) 

[11C]PIB 82.1±1.3 99.0±0.2 18.7±0.4 0.04±0.02 15.0±4.4 0.13±0.11 30.3 

[18F]Florbetapir 83.3±0.5 65.6±2.3 16.7±0.8 0.64±0.07 9.28±0.62 3.17±0.19 27.0 

[11C]BF227 81.7±1.5 94.7±0.3 18.1±0.5 0.19±0.01 16.2±0.7 0.84±0.03 30.4 
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The formation of neurofibrillary tangle (NFT) is believed to contribute to the 

neurodegeneration observed in AD. Postmortem studies have shown strong associations 

between the neurofibrillary pathology and both neuronal loss and the severity of cognitive 

impairment. However, the temporal changes in the neurofibrillary pathology and its 

association with the progression of the disease are not well understood. Previously, we 

developed 18F-labeled arylquinoline derivatives, including [18F]THK-5117, as tau-selective 

PET tracers and succeeded in visualizing NFT pathology2). The cross-sectional studies 

elucidated the differences in the spatial distribution of NFTs between patients with AD and 

healthy controls (HCs). Here, we performed a longitudinal PET study using the 

tau-selective PET tracer [18F]THK-5117 in patients with AD and in HCs. 

A total of 10 participants (five patients with AD and five HCs) participated in the 

studies. Participants were followed for 1.3 ± 0.2 years and then re-examined. PET imaging 

was performed using an Eminence STARGATE scanner (Shimadzu, Kyoto, Japan). After 

injecting 185 MBq of [18F]THK-5117 or 296 MBq of [11C]PiB, dynamic PET images were 

obtained for 90 min or 70 min, respectively. [18F]THK-5117 PET images from 60 to 80 min 

post-injection were used for the following analysis. The PNEURO module in the PMOD 

software (version 3.6; PMOD Technologies, Zurich, Switzerland) was used to place and 

evaluate the volumes of interest (VOIs). VOIs were defined in the following regions: 
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hippocampus, parahippocampal gyrus, fusiform gyrus, middle and inferior temporal gyri, 

superior parietal cortex, lateral occipital cortex, and cerebellar cortex. The cerebellar gray 

matter was used as a reference region. The ratio of the regional SUV to the cerebellar cortex 

SUV (SUVR) was used as an index of tracer retention. 

The demographic characteristics of the cohort are shown in Table 1. Significant 

differences between HCs and patients with AD were observed for the Mini Mental State 

Examination (MMSE) scores and Alzheimer’s Disease Assessment Scale-cognitive 

subscale (ADAS-cog) scores at baseline. Cognitive testing showed a significant 

deterioration in the ADAS-cog score at follow-up compared to at baseline in the AD group. 

The annual change in the [18F]THK-5117 retention in the HC and AD groups are shown in 

Table 2. The annual percent change in the [18F]THK-5117 SUVR in HCs was within 2%. 

However, patients with AD showed significantly greater annual changes in [18F]THK-5117 

retention, in the middle and inferior temporal gyri (4.98 ± 3.92%) and in the fusiform gyrus 

(5.19 ± 2.01%). The relationship between the ADAS-cog score and the [18F]THK-5117 

SUVR in the middle and inferior temporal gyri is shown in Fig. 1A. HCs showed no 

remarkable changes in their ADAS-cog scores or in the [18F]THK-5117 SUVR. In contrast, 

the three patients with moderate AD showed increased [18F]THK-5117 retention compared 

to HCs and the two patients with mild AD. The annual change in the ADAS-cog score was 

significantly correlated with the annual change in the [18F]THK-5117 SUVR in the middle 

and inferior temporal gyri (r = 0.72; p = 0.019) (Fig. 1B). Significant correlations were also 

observed in the fusiform gyrus, parahippocampal and ambient gyri, superior temporal gyrus, 

posterior temporal lobe, superior parietal gyrus, inferiolateral remainder of the parietal lobe, 

and lateral remainder of the occipital lobe. 

In the present study, [18F]THK-5117 was successfully used to visualize the 

pathologic time course of NFT formation in the human brain. These results suggest that the 

cognitive decline observed in patients with AD is attributable to the progression of 

neurofibrillary pathology. Longitudinal assessment of tau pathology will contribute to the 

assessment of disease progression and treatment efficacy. 
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Table 1.  Demographic and clinical characteristics of the HCs and ADs. 

Characteristics HCs (n=5) AD (n=5) 

Age at baseline (years), mean±SD 71.6±4.2 80.4±13.1 

MMSE at baseline 28.8±1.8 21.2±2.6 

MMSE at follow-up 29.0±1.7 20.4±3.4 

ADAS at baseline 5.1±2.2 19.0±5.1 

ADAS at follow-up 4.2±1.5 21.4±5.9 

Between PET exams (day) 519.4±45.0 426.4±1.8 
 
 
Table 2.  Annual rate of change in regional [18F]THK-5117 retention ratio for HCs and ADs. 

 % annual change of [18F]THK-5117 SUVR 

Region, mean ± SD Healthy control Alzheimer’s disease 

Hippocampus -0.10±1.95 2.55±4.46 

Parahippocampal gyrus 1.23±0.82 3.93±3.18 

Middle and inferior temporal gyrus 0.44±0.65 4.98±3.92† 

Fusiform gyrus 0.85±1.75 5.19±2.01† 

Superior parietal gyrus -1.77±1.09 0.91±2.97 

Lateral occipital gyrus -1.09±1.11 3.02±1.97 
†p<0.05 by analysis of variance followed by the Bonferroni’s multiple comparison test. 

 

 

 
Figure 1.  The relationship between the ADAS-cog score and [18F]THK-5117 SUVR. 
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Background: We have previously demonstrated that [18F]fluorodeoxyglucose (FDG) 

accumulation evaluated by ECG gated positron emission tomography (PET) is increased in 

the right ventricular (RV) free wall of patients with pulmonary hypertension (PH) and that 

this accumulation is ameliorated after medical therapy associated with hemodynamic 

improvement1). However, it remains to be examined whether RV FDG accumulation has a 

prognostic significance in patients with PH. 

 

Methods and Results: From March 2001 to June 2004, we performed gated FDG-PET in 

27 patients with PH, including 18 with pulmonary arterial hypertension (PAH) and 9 with 

chronic thromboembolic pulmonary hypertension. We reviewed baseline clinical 

parameters, invasive hemodynamic data, and imaging data with cardiac MR, electron beam 

CT and FDG-PET quantified by calculating standardized uptake value (SUV) and corrected 

for partial volume effect based on the RV free wall thickness. We examined the relationship 

between baseline clinical parameters and the composite primary endpoint defined as 

all-cause mortality, lung transplantation, hospitalization for progression of PH and 

deterioration of WHO functional class and/or >15% reduction in 6-min walk distance 

(6MWD) from baseline, and all-cause mortality as the second endpoint. During the mean 

follow-up period of 69±49 [SD] months, 15 patients reached the composite primary 

endpoint, including all-cause mortality in 4, lung transplantation in 1, hospitalization for PH 

progression in 9, deterioration of WHO functional class and/or >15% reduction in 6MWD 

from baseline in 1 and death in 11 (41%). In FDG-PET measurements, corrected RV free 
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wall SUV was significantly increased in the endpoint group compared with the no endpoint 

group (10.1±2.7 vs. 7.6±2.2, P=0.02) (Fig. 1). Univariate COX hazard analysis showed that 

the corrected RV SUV of FDG was significantly correlated with the composite endpoint 

(hazard ratio 1.25, 95% confidence interval 1.04-1.51, P=0.02). This relationship remained 

significant even after adjustment for WHO functional class. In Kaplan-Meier analysis for 

the composite primary endpoint, patients with a corrected RV SUV ≥8.3 had a significantly 

poor prognosis compared with those with <8.3 (log-rank P=0.005 for the composite 

endpoint, P=0.07 for all-cause mortality) (Fig. 2). 

 

Discussion: In this study we demonstrate that enhanced RV free wall SUV of FDG predicts 

long-term prognosis of PH patients. Regarding substrate metabolism, our previous study 

using autoradiography has demonstrated the shift in cardiac substrate utilization from fatty 

acids to glucose in pressure-overloaded rats2). We also have demonstrated that myocardial 

glucose uptake was increased in the pressure-overloaded RV free wall in rats with 

constricted pulmonary artery3). Furthermore, we demonstrated that FDG-uptake in the RV 

free wall was significantly increased in accordance with the severity of RV pressure 

overload in patients with PH1). Thus, RV free wall SUV of FDG could become an early 

biomarker of RV metabolic dysfunction and make it possible to identify PH patients at a 

risk of poor prognosis. 

 

Conclusions: These results indicate that enhanced FDG accumulation in the RV is a useful 

prognostic factor in patients with PH. 
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Figure 1.  Evaluation of Right Ventricular Glucose Metabolism by FDG-PET in PH Patients 
Representative FDG-PET image is shown in a patient with composite endpoint (a) and that without 
it (b). cRV = corrected right ventricular; SUV = standardized uptake value. 

 
 

 

 

Figure 2.  Prognostic Impact of Enhanced Right Ventricular Free Wall FDG Uptake in PH Patients 
Kaplan-Meier curves shows that the cut-off level of cRV-SUV of 8.3 is useful to predict the long-term 
survival free from clinical worsening (a) and the long-term survival free from all-cause mortality (b) 
in PH patients. See Fig. 1 for abbreviations. 
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Backgrounds 

Histamine H1 receptor (H1R) antagonists, commonly known as antihistamines, are 

often used for treating allergic disorders. Their activity on brain H1Rs leads to central 

side-effects such as sedation, which are caused by the blockade of the neural transmission 

of the histaminergic neurons. Levocetirizine is a new second-generation antihistamine. We 

measured the brain H1R occupancy (H1RO) by the drug using positron emission 

tomography (PET) and the subjective sleepiness after oral administration of the drug1). 

 

Methods 

Subjects and study design 

The study was designed as a 3-arm, placebo-controlled crossover protocol in order 

to minimize potential errors due to inter-subject variability. Fexofenadine, a non-sedating 

antihistamine, was used as a negative active control. Eight healthy volunteers (mean ± SD; 

23.1±2.9 years old) were enrolled in the study. PET imaging was performed at the Tokyo 

Metropolitan Institute of Gerontology, Tokyo, Japan.  

 

PET procedures 

The subjects underwent PET imaging after a single oral administration of 

levocetirizine (5 mg), fexofenadine (60 mg), or a lactobacteria preparation (6 mg) often 

used as placebo. The test medications and placebo were given at 9:30 a.m. on the study day 

in a blind manner. [11C]Doxepin was injected 90 minutes after oral administration of the test 
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drugs or placebo. [11C]Doxepin is a potent radiopharmaceutical developed for imaging 

H1Rs in the brain. The injected dose [11C]doxepin was 331±26 MBq (8.9±0.7 mCi). Sixty 

minutes after [11C]doxepin injection, the subjects were positioned on the PET scanner 

(SET-2400W; Shimadzu, Kyoto, Japan) for transmission scanning (6 min) and emission 

scanning in the 3D mode for 15 min (70–85 min after [11C]doxepin injection).  

 

Assessment of subjective sleepiness 

The subjective sleepiness of each subject was also measured before drug 

administration and 30, 60, 120, and 180 min post-administration using the Line Analogue 

Rating Scale and the Stanford Sleepiness Scale. 

 

PET image analysis  

 The volumes of interest was defined in the neocortices. The cerebellum was 

defined as a reference region. As a parameter for the specific H1R binding of [11C]doxepin, 

we calculated the binding potential ratio (BPR) according to the following equation: (mean 

uptake value during the 15-min scan of the region ÷ mean uptake value during the 15-min 

scan of the cerebellum) − 1. H1RO as a percentage of the placebo control was calculated 

using the following equation: (1 − BPR of antihistamine÷BPR of placebo)×100 (%).  

 

Results 

 The mean BPR and H1ROs of all neocortical regions are shown in Table 1. The 

BPRs were not significantly different in multiple comparisons with Bonferroni correction 

after ANOVA, indicating that both antihistamines have no potential to occupy brain H1Rs. 

The mean cortical H1ROs following levocetirizine 5 mg and fexofenadine 60 mg 

administration were 8.1% (95% confidence interval, -9.8% to 26.0%) and −8.0% (95% 

confidence interval, -26.7% to 10.6%), respectively. During the 3 hours after drug 

administration, there was no statistical difference in subjective sleepiness between the three 

groups in the both tests (Fig. 1). 

 

Discussion 

 The brain H1RO of levocetirizine 5 mg is much lower than the previously 

reported H1ROs of sedating antihistamines. The H1RO findings were also confirmed by the 

subjective sleepiness results which were similar for all test groups; i.e. neither levocetirizine 
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5 mg nor fexofenadine 60 mg showed any potential to cause significant sedation when 

compared to placebo. 

 

Conclusions 

The H1RO for levocetirizine 5 mg of 8.1% is well within the established range of 

less than 20% for non-sedating antihistamines. The result of this study shows that 

levocetirizine, when used in its recommended dose of 5 mg daily, does not penetrate the 

brain in large enough quantities to cause sedation. 
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Table 1.  Binding potential ratios and histamine H1 receptor occupancies. 

 BPRlevocetirizine BPRfexofenadine BPRplacebo  
H1ROlevocetirizin

e 
H1ROfexofenadin

e 

 Mean SD Mean SD Mean SD  Mean SD Mean SD 

Mean of all the 
neocortical regions 0.32 0.07 0.37 0.06 0.35 0.07  8.11 21.43 -8.02 22.30 

*p<0.05, paired t-test 
 
 
 

 

Figure 1.  Subjective sleepiness, change from baseline over time, evaluated using the Line Analogue 
Rating Scale (LARS) (A) and the Stanford Sleepiness Scale (SSS) (B). Error bars represent standard 
deviations. LCZ, levocetirizine; FXD, fexofenadine; PCB, placebo. 
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To externally rotate the shoulder in abducted position is necessary for various activities of 

daily living, such as eating, shaking hands, combing, etc. The infraspinatus and teres minor 

are known to be the main external rotators of the shoulder.  Although several authors 

investigated the difference in shoulder external rotation between abducted and adducted 

positions, the muscle activity pattern during shoulder external rotation has not been fully 

clarified. This study aimed to determine the activities involved in external rotation in 

adducted and abducted positions using positron emission tomography (PET). 

Seven healthy volunteers without any history of shoulder pain or trauma were 

examined using PET in the present study. All participants were male and their dominant sides 

were right. Their average age was 33 years (range: 27-42). They underwent PET 

examinations after performing external rotation using an elastic band at both 0 degrees and 

90 degrees of shoulder abduction in the frontal plane. 

The FDG was dissolved in approximately 2 mL saline, which was then injected 

intravenously via the median cubital vein. The mean dose and the standard deviation of 

injected [18F]fluoro-2-deoxyglucose (FDG) were 75.7 and 3.1 MBq, respectively. As for the 

external rotation exercise at 0 degrees of abduction, the exercise protocol consisted of 

repetitive shoulder external rotation in the supine position with the arm at the side. In each 

exercise, the shoulder was rotated from 30 degrees of internal rotation to 30 degrees of 

external rotation with a resistance using an elastic band (Thera-Band® Yellow, The Hygenic 

Corporation, Ohio, USA). The repetition number of exercise was 100 times before FDG 

injection and 200 times after the injection. PET images were collected 50 min after the 
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injection with a whole-body positron camera (SET-2400W; Shimadzu Inc., Kyoto, Japan). 

For each subject, PET scan was repeated two more times on separate days to obtain the data 

of external rotation exercise at 90 degrees of abduction as well as that of a resting condition 

(without any exercises).  

Each PET image was fused to the corresponding MR image at the identical level using 

a software Dr. View/LINUX (AJS Inc., Tokyo, Japan) according to the methods reported in 

our previous paper by Omi et al.1), which enabled to delineate the contour of each shoulder 

muscle. Each PET image was fused to the corresponding MR image to identify each shoulder 

muscle. Subsequently, the volume of interest (VOI) was placed on the MR image for each 

shoulder muscle. Then, the standardized uptake values (SUVs) in each segment of the 

shoulder muscles were calculated to quantify their activities. Following this, we performed 

the following comparisons. First, the exercise/rest ratio of SUV was compared among five 

muscles both for 0 degrees and 90 degrees of abduction to clarify which muscle was most 

activated through the external rotation exercise. Second, TMi/ISP ratio of SUV (TMi: teres 

minor, ISP: infraspinatus) was established to determine the relative contribution of these two 

muscles to the external rotation exercise. Then, this ratio was compared at 0 degrees and 90 

degrees of abduction.  

A high FDG uptake was observed in all 4 rotator cuff muscles after external rotation 

exercise both in adduction and in abduction (Fig. 1). The infraspinatus showed the greatest 

muscle activity during external rotation at 0 degrees of abduction, whereas the teres minor 

showed the greatest activity at 90 degrees of abduction. The teres minor/infraspinatus ratio 

at 90 degrees of abduction (1.21±0.23; mean±standard deviation) was significantly higher 

than that at 0 degrees of abduction (0.84±0.15) (P<0.01). 

The infraspinatus and teres minor are the main shoulder external rotators. The teres 

minor is more important as an external rotator in abduction than in adduction, as already 

published2). 
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Figure 1.  The mean standardized uptake value (SUV) for each shoulder girdle muscle. 
Del: deltoid, SSC: subscapularis, SSP: supraspinatus, ISP: infraspinatus, TMi: teres minor. Statistically 
significant increase compared to at rest (*P<0.05, **P<0.01, ***P<0.001). 
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Although diabetes mellitus (DM) is considered to be one of the most consistent risks for 

developing dementia, it is not known if the pathology in dementia patients with DM is similar 

to or distinct from typical pathological features of Alzheimer’s disease (AD)1-5). Several 

different pathways are important in the pathophysiology of AD, either indirectly, through 

inflammation or the development of vascular disease, or directly, through effects on amyloid 

and tau metabolism and the formation of advanced glycation end products(AGEs)6) (Fig. 1). 

To find out the mechanism of developing dementia in AD patients with DM in a living state, 

we studied the distribution of amyloid beta (Aß) protein of the diabetic AD patients. 

To evaluate the accumulation of Aß we examined 14 normal controls, 4 diabetic 

patients with AD and 11 non-diabetic patients with AD by positron emission tomography 

(PET) using BF-227, a currently developed Aß tracer7).  

Clinical features of the three groups, NC, AD alone, and AD with DM, are described 

in Table 1. Severities of dementia assessed by MMSE are not significantly different between 

AD alone and AD with DM. Three patients were treated with only oral DM medications 

(Patient A: glimepiride + pioglitazone, Patient B: glimepiride + metformin + voglibose, 

Patient C: metformin + voglibose), whereas only 1 AD with DM patient used insulin in 

addition to metformin. One DM patient was present in the normal control group. This patient 

in control group had no oral medication. Insulin injection was the only medication. 

Magnetic resonance imaging (MRI) scans revealed none or very little ischemic or 

hemorrhagic lesions observed in any of the subjects (data not shown). 

After we obtained demographic information, we analyzed PET images with BF-227 
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among the three groups, and representative brain PET images are shown in Fig. 2. As 

indicated in the figure, both the subjects with AD alone and AD with DM showed 

significantly more robust retention of BF-227 than NCs. Statistical analysis revealed a 

significantly higher SUV-R of BF-227 (P<0.05) in the cerebral cortex of AD alone and AD 

with DM than NC as shown in Fig 3. Neocortical SUV-R of BF-227 in AD alone and AD 

with DM are not significantly different. Both the cases with AD alone and AD with DM 

showed increased BF-227 uptake in frontal, temporal, parietal, occipital and cingulated gyrus. 

The pattern of uptake was similar between the DM patients with insulin use and those without 

the use of insulin (Fig. 2). A similar pattern of uptake between insulin user and non-insulin 

user was seen both in the control group and the AD with DM group. 

The analysis of PET images among the three groups revealed an abundant aggregated 

Aß accumulation in the cerebral cortex of both AD patients with and without DM. The extent 

and distributions of BF-227 accumulation in diabetic AD patients were not significantly 

different from these of non-diabetic AD patients. These results suggest that the degree and 

extent of Aß metabolism is not much different between AD with DM and AD alone. 
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Table 1.  Clinical features of the three groups, NC, AD alone, and AD with DM. 
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Figure 1.  The possible pathological mechanisms associated with the impact of type 2 DM on the central 
nervous system (CNS). The major components of DM were described in the second column (we described only 
the three major components for easier understanding, though several other components were mentioned.) Just 
below the column, the possible mechanism of developing dementia in type 2 DM. (Abbreviation) IDEs: Insulin 
degrading enzymes, AGEs: advanced glycation end products, A: amyloid beta protein, APP: amyloid precursor 
protein, GSK-3: glycogen synthase kinase 3, GLP-1: glucagon like peptide-1. 

 
 
 

 

Figure 2.  Representative BF-227 PET images of each diagnostic group. 1: Normal control without DM (67 
years old, male, no complication; Neocortical SUVR=1.122), 2: Normal control with diabetes mellitus (67 years 
old, female, insulin user; Neocortical SUVR=1.012), 3: AD alone (75 years old, female; Neocortical 
SUVR=1.230), 4: AD with DM (79 years old, female, insulin user; Neocortical SUVR=1.240), 5: AD with DM 
(78 years old, male, non-insulin user; SUVR=1.18).  
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Figure 3.  Box and scatter plots of SUVR values with BF-227 in Aged 
Normal, AD alone and AD with DM. Each circle indicates the mean SUVR 
from the mean neocorex. Red colored circle represents insulin user, while 
blue colored circle represents non-insulin user. Filled circle represents the 
subjects with MMSE score less than 20. Although both AD with DM and AD 
alone showed significantly higher SUVR than NC (P<0.05), difference 
between AD with DM and AD alone was not significant (n.s.). 
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Introduction 

Histamine H1 receptor (H1R) antagonists, known as antihistamines, have sedative 

side effects, which are caused by the block of H1R in brain. First-generation antihistamines 

such as diphenhydramine (DIP) can easily cross the blood-brain barrier (BBB), and they are 

known to cause strong sedation. The second-generation antihistamines, such as cetirizine, 

loratadine, and ebastine, may cause little or mild impairment of performance compared with 

the first-generation antihistamines1). Levocetirizine (LEV) has a high affinity and selectivity 

for H1R, and it has been reported to show little sedation as well as fexofenadine (FEX)2). 

However, our previous [11C]doxepin PET study revealed that H1R occupancy of LEV 5mg 

administration was 8.1%. For elderly patients aged ≥65 years, the US label recommends 

starting at lower dosages. We performed the examination using a driving simulator to young 

and elderly groups in order to determine the effect of LEV on driving performance. Here, we 

report the results of our early analysis on young group.   

 

Materials and Methods 

Twenty healthy volunteers (11 men and 9 women) participated in and completed the 

study. Their mean age and standard deviation was 26.7±5.9 years (men: 25.8±4.7 years; 

women: 27.7±7.4 years). This study uses a double-blind, placebo-controlled, four-way, 

crossover design. Single doses of LEV 5 mg, FEX 60 mg, DIP 50 mg, and placebo (PLA) 

were administered orally with 100 mL water. Driving tests were performed before oral 

administration (baseline: Driving 1) and at 90 min (Driving 2) and 180 min (Driving 3) post-
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administration (Fig. 1) The primary assessment was the driving test, including brake reaction 

time, lateral stability, and the multiple task, and the secondary assessment was subjective 

sedation. Subjective sedation was measured prior to and immediately after the driving test at 

each time point (six times in each test). All subjects performed a simple brake reaction time 

(SBRT) test, a choice brake reaction time test (CBRT), a lateral tracking (LT) test, and 

multiple test, using a commercially available simulator (DS-3000, Mitsubishi Precision Ltd., 

Tokyo, Japan) (Fig. 2). During the SBRT and CBRT, the mean brake reaction time was 

calculated. In the LT test, the object of the test was to steer an image of a car hood down the 

center of a winding road as accurately as possible using a steering wheel, and the ability to 

track continuously was measured. The mean deviation from the center of the lane was 

calculated as a percentage, taking the deviation to either edge of the lane as 100%. Subjects 

were also asked to perform the CBRT and the LT tests a second time, as part of a multiple 

test whose results were analyzed independently of the relevant single tests. The results of the 

multiple test were calculated separately as the tracking error (mean deviation from the center 

of the road) and brake reaction time. 

The Stanford Sleepiness Scale (SSS) is a seven-point self-report measure of how alert 

an individual feels, with proven sensitivity in a number of studies. Subjects may indicate 

feeling active, vital, alert, wide awake, somewhat foggy, sleepy, or asleep. The higher the 

score, the less alert and more drowsy the subject felt. The line analog rating scale (LARS) is 

a measure of the subjective effects of psychoactive drugs and has been used to detect sedation 

in response to many different classes of compounds. Subjects were asked to mark a series of 

100-mm line analog scales, indicating their present state of mind. This score was compared 

with a midpoint that represented their pretreatment state of mind. Mean ratings of drowsiness 

and alertness were taken as a measurement of perceived sedation. The higher the score, the 

less alert and more drowsy the subject felt. Plasma concentration of levocetirizine, 

fexofenadine and diphenhydramine were determined by high performance liquid 

chromatography and mass spectrometry as we noted in detail on our published paper3).  

For the statistical analyses of subjective sedation, the SSS and LARS scores were 

examined using the Friedman test. Significant findings were additionally examined by post 

hoc multiple pairwise treatment comparisons using a Wilcoxon signed rank test (two-tailed; 

p≤0.05). Brake reaction time data were examined using repeated measures analysis of 

variance with factors for LEV, FEX, DIP, and PLA. Significant findings were further 

examined by post hoc Bonferroni testing in order to examine differences between two drug 
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conditions (two-tailed; p≤0.05). For the LT test data, a nonparametric Friedman test was 

applied. Significant findings were further examined by multiple post hoc pairwise Wilcoxon 

signed rank tests in order to examine differences between two drug conditions (two-tailed; 

p≤0.05) 

 

Results and Discussion 

No significant treatment effect was detected for the mean brake reaction time and 

accuracy in SBRT and CBRT, as well as in the CBRT component of the multiple tests. A 

significant main effect was found for mean deviation in the LT test when the Friedman test 

was applied to the 90 and 180 min post-administration data sets (p<0.001 and p=0.003, 

respectively). A post hoc Wilcoxon signed rank test revealed that the mean deviation value 

after PLA treatment was significantly smaller than after DIP both at 90 and 180 min post-

administration (p<0.001) (Fig. 3). In addition, at 90 min (p=0.001) and 180 min (p=0.037), 

the mean deviation values after LEV treatment were significantly smaller than those after 

DIP treatment (Fig.3). At 90 min (p=0.001) and 180 min (p=0.004), the mean deviation 

values after FEX treatment were also significantly smaller than those after DIP treatment (Fig. 

3). A significant effect was found for the mean deviation in the LT test component of the 

multiple task when a Friedman test was applied to the 90 min (p=0.011) and 180 min 

(p=0.044) post-administration data sets. A post hoc Wilcoxon signed rank test revealed that 

the mean deviation value after PLA treatment was significantly smaller than that for DIP at 

90 min (p=0.006) post-administration (Fig. 4). In addition, at 90 min (p=0.017) and 180 min 

(p=0.03), the mean deviation values after LEV treatment were significantly smaller than 

those after DIP treatment (Fig.4). At 90 min (p=0.017) and 180 min (p=0.03), the mean 

deviation values after FEX treatment were also significantly smaller than those after DIP 

treatment (Fig.4). SSS and LARS showed similar results (Fig. 5). Post hoc tests revealed that 

subjects given DIP felt significantly more sedated compared with those given LEV, FEX, or 

a PLA at 90 and 180 min post-administration (Fig. 5). The mean plasma concentrations 

(ng/mL) ± standard deviation at 90 and 180 min post-administration, respectively, were 

levocetirizine 171.2±46.0, 156.3±30.3; fexofenadine 165.4±62.1, 137.8±42.8; and 

diphenhydramine 48.2±31.7, 69.8±22.9. The peak plasma concentrations were achieved for 

levocetirizine and fexofenadine at around 90 min post-administraion, whereas the peak 

plasma concentration of diphenhydramine was achieved at a later time point3). These results 

are not consistent with the prescribing information, and there was no particular abnormality. 
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The results indicated no significant impairment in the car-driving test parameters after oral 

administration of an acute dose of LEV 5 mg. Verster et al. in healthy volunteers, in which 

the standard deviation of lateral position after LEV 5 mg was equivalent with that of the 

PLA4). These results suggest that it is safe to drive a car when taking LEV 5 mg once daily. 

The present results seem to agree with a recent meta-analysis using the proportional 

impairment ratio (PIR), where the PIRs for both objective and subjective measures were 0.0 

for LEV, while those with cetirizine were 6.38 for the subjective measure and 1.31 for the 

objective measure5). In the present study, DIP significantly impaired car-driving ability, 

demonstrating that the sensitivity of our driving test was sufficient. Statistical examination 

showed that the LT results after DIP treatment were significantly different from those after 

PLA treatment. The subjective assessment was also consistent with the objective findings of 

the significant impairment of car-driving performance, especially for LT. The observed 

pattern was that the LT test was more sensitive than reaction time tests under the influence of 

sedative antihistamine. 

 

Conclusion  

The findings of the present and previous car-driving studies suggest that it is safe to 

drive a car when taking LEV 5 mg once daily. Our results show that after acute oral 

administration of LEV 5 mg, performance in the car-driving test was not significantly 

affected in healthy Japanese volunteers. In addition, people using sedative antihistamines, 

such as DIP, should be warned against driving, because our results clearly show the 

impairment of LT.  
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Figure 1.  Schematic diagram of the study protocol (reproduced from Ref. 3). 

 
 

 

Figure 2.  Car-driving simulator (DS-3000, Mitsubishi Precision Ltd). 
 
 
 

 

Figure 3.  Lateral tracking test results showing the mean deviation from the 
center of the lane. Values are means (%), and standard deviation is shown by the 
error bars. *p<0.05, **p<0.001 for the post hoc Wilcoxon signed rank test. Pla: 
placebo, Fex: fexofenadine, Lev: levocetirizine, Dip: diphenhydramine 
(reproduced from Ref. 3). 
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Figure 4.  Results of the lateral tracking test component of the multiple 
task. Values are mean deviation (%), and standard deviation is 
illustrated by the error bars. *p<0.05, **p<0.001 for the post hoc 
Wilcoxon signed rank test. Pla: placebo, Fex: fexofenadine, Lev: 
levocetirizine, Dip: diphenhydramine (reproduced from Ref. 3). 

 
 
 

 

Figure 5.  Box plot of subjective sedation measured by the Stanford 
Sleepiness Scale (SSS) and line analog rating scale (LARS). *p<0.05, 
**p<0.001 for the post hoc Wilcoxon signed rank test. Pla: placebo, Fex: 
fexofenadine, Lev: levocetirizine, Dip: diphenhydramine (reproduced from 
Ref. 3). 
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This report summarizes the beginners training for safe handling of radiation and radioisotopes 

at Tohoku University from 2014 to 2015. Twice a year (in May and in November), we 

organize three educational courses including lectures and practices, namely 1) Radiation and 

Isotopes, 2) X-ray Machines and Electron Microscope, and 3) Synchrotron Radiation (SOR). 

Since November 2002, we have also organized lectures in English for students or researchers 

who are not familiar with Japanese language. The training was held twice a year, in May and 

November under the help for lectures and practice from various departments and research 

institutes of the university. 

The training for "Radiation and Radioisotopes" is for persons who use unshielded 

radioisotopes and accelerators, and has been conducted from 1977. The contents of lectures 

and practices are shown in Table 1. The departments or institutes to which trainees belong 

and the distributions of trainees are shown in Table 2 and Table 3. 

The training for "X-ray machines and electron microscopes" started at the end of 1983. 

The training is scheduled at the same time as that for "Radiation and Radioisotopes". In this 

course, only lectures are given with no practice. The contents of lectures are shown in Table 

4. The departments or institutes to which trainees belong and the distributions of trainees are 

shown in Table 5 and Table 6.  

The training for "Synchrotron Radiation" began at the end of 1995. The contents of 

the lectures are the same as those of the "Radiation and Radioisotopes" but no practice. The 

departments or institutes to which trainees belong and the distributions of trainees are shown 

in Table 7 and Table 8. 
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Table 1.  Contents of the lectures and practices for "Radiation and Radioisotopes" in 2014 and 2015. 

Lectures (one day) Hours 
Introduction to radiation 0.5 
Effects of radiation on human  1.0 
Radiation physics and measurements 1.0 
Chemistry of radioisotopes 1.0 
Radiological protection ordinance including video  1.5 
Safe handling of radioisotopes 1.5 

 
Practices (one day) Hours 

Treatment of unsealed radioactive solution 4.0 
Measurement of surface contamination and decontamination 1.0 
Measurement of gamma-rays and beta-rays 2.0 

 
Table 2.  Distribution of trainees for “Radiation and Radioisotopes” in 2014. 

Department Staff Student Total English class 

CYRIC 1 4 5 1 
Medicine 9 31 40 2 
Dentistry 0 3 3 1 
Pharmacy 2 44 46 0 
Science 5 75 80 5 

Engineering 10 117 127 8 
Agriculture 2 47 49 1 

Research Institutes 18 44 62 5 
The others 0 0 0 0 

Total 47 365 412 23 

 
Table 3.  Distribution of trainees for “Radiation and Radioisotopes” in 2015. 

Department Staff Student Total English class 

CYRIC 1 7 8 5 
Medicine 14 48 62 2 
Dentistry 0 10 10 1 
Pharmacy 1 40 41 0 
Science 4 88 92 3 

Engineering 4 123 127 9 
Agriculture 0 35 35 1 

Research Institutes 12 44 56 13 
The others 0 0 0 0 

Total 36 395 431 34 
 
  



 
103 

 

Table 4.  Contents of the lectures for “X-ray machines and Electron microscopes” in 2014 and 2015. 

Lectures (one day) Hours 

Safe handling of X-ray machines  1.5 
Radiological protection ordinance 0.5 
Video for safe handling of radiation and radioisotopes 0.5 

 
Table 5.  Distribution of trainees for “X-ray machines and Electron microscopes” in 2014. 

Department Staff Student Total English class 

CYRIC 0 0 0 0 
Medicine 7 1 8 0 
Dentistry 3 5 8 0 
Pharmacy 0 2 2 0 
Science 1 29 30 1 

Engineering 14 210 224 14 
Agriculture 0 0 0 0 

Research Institutes 29 46 75 15 
The others 0 0 0 0 

Total 54 293 347 30 

 
Table 6.  Distribution of trainees for “X-ray machines and Electron microscopes” in 2015. 

Department Staff Student Total English class 

CYRIC 0 0 0 0 
Medicine 1 2 3 1 
Dentistry 4 8 12 2 
Pharmacy 1 2 3 0 
Science 1 28 29 3 

Engineering 16 217 233 26 
Agriculture 0 0 0 0 

Research Institutes 22 41 63 19 
The others 0 0 0 0 

Total 45 298 343 51 
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Table 7.  Distribution of trainees for “Synchrotron radiation” in 2014. 

Department Staff Student Total English class 

CYRIC 0 0 0 0 
Medicine 0 1 1 0 
Dentistry 0 0 0 0 
Pharmacy 0 0 0 0 
Science 1 11 12 13 

Engineering 3 51 54 5 
Agriculture 0 0 0 0 

Research Institutes 8 38 46 13 
The others 0 0 0 0 

Total 12 101 113 31 
 
Table 8.  Distribution of trainees for “Synchrotron radiation” in 2015. 

Department Staff Student Total English class 

CYRIC 1 0 1 0 
Medicine 0 0 0 0 
Dentistry 0 0 0 0 
Pharmacy 0 0 0 0 
Science 2 10 12 0 

Engineering 6 56 62 10 
Agriculture 0 0 0 0 

Research Institutes 9 35 44 8 
The others 0 0 0 0 

Total 18 101 119 18 
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(1) Overview 

During the fiscal year of 2014 and 2015, research and education in the center were 

conducted as active as usual. 

 

(2) Unsealed radionuclides used in CYRIC 

The species and amounts of the four most used unsealed radionuclides during the 

fiscal year of 2014 and 2015 are listed in Table 1. The table includes the isotopes produced 

by the cyclotron as well as those purchased from the Japan Radioisotope Association or taken 

over from other radioisotope institutes. 

 

(3) Radiation exposure dose of individual worker 

The exposure doses of the workers in CYRIC during 2014 and 2015 are given in Table 

2. The doses were sufficiently lower than the legal dose limits. 

 

(4) Radiation monitoring of the workplace 

Radiation dose rates inside and outside of the controlled areas in CYRIC were 

monitored periodically and occasionally when needed. They were generally below the legal 

dose limits although there are several “hot spots” in mSv/hr range like slits or beam stopper 

of the 930 cyclotron and so on. Surface contamination levels of the floors inside the controlled 

areas were also measured with a smear method and a survey meter method. They were under 

the legal regulation levels.  

 

(5) Wastes management 

The radioactive wastes were delivered to the Japan Radioisotope Association in the 



 
106 

 

fiscal year of 2014 and 2015. 

The concentration of radioisotopes in the air released from the stack after filtration 

was monitored with stack gas monitors. The values of concentration were well below the 

legal regulation levels. The radioactive water was stocked in the tanks at least for 3 days and 

then released to the sewerage after confirming that the concentration was lower than the legal 

regulation levels. 

 

 
Table 1.  The four most used unsealed radioisotopes used in CYRIC 
during the fiscal year of 2014 and 2015. 

 2014 2015 

C-11  373.41 GBq  528.42 GBq 

O-15  0 GBq*  8.9340 GBq 

F-18  755.13 GBq  1.1814 TBq 

P-32  1.1193 GBq  1.9031 GBq 

*The PET scanner for O-15 was not used because of repairing the building. 

 

 
Table 2.  Occupational radiation exposures in CYRIC during the fiscal year of 
2014 and 2015. 

Dose range (mSv) 
Number of individuals 

2014 2015 

0.0 - 5.0 233 244 

5.0 - 10.0 0 0 

10.0 - 15.0 0 0 

15.0 - 20.0 0 0 

20.0 - 25.0 0 0 

25.0 - 50.0 0 0 

50.0 -  0 0 

Total number of persons monitored 233 244 
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Introduction 

Scientific visualization is an interdisciplinary field including data visualization, 

imaging, photographs, computer graphics, infographics, illustrations, graphic design, 

animation, and so on. In the modern world, where personal computers and the internet are 

popular, visual images in science have been diversified and more colorful than ever. 

Nowadays, their impacts have been getting stronger and stronger. 

In the field of scientific visualization, visual images designed for conveying certain 

scientific contents in a visually understandable state, such as illustrations, animation, 

infographics and graphic design, are essential for academic communication and public 

communication of science. Such visual representations are valuable because they call much 

attention of the audience to and promote their understanding of the scientific contents so that 

the conveyed information will remain in their mind more clearly. The popularization of 

graphics editors such as Adobe Illustrator (Adobe Systems Inc.) lets researchers and students 

draw illustrations easily. In Japan, however, there have been few opportunities for them to 

learn such skills, e.g. drawing and graphic design. A specialized educational system has been 

needed to enhance the visual effectiveness of their research. 

At CYRIC, we have carried out education of scientific visualization in order to 

establish the educational system in Japan. In this report, we describe these educational 

practices. 

 

Current Situation of Visual Education 

In the Western Europe and North America, scientific illustrations have had a long 

history since the beginning of typography and early modern science1,2). Many professionals 

of scientific illustration, animation and design have been working in hospitals, universities, 
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research institutes and companies3-6). Professional educational systems have been already 

established in some universities7,8). Some teachers of these programs have also given 

educational lectures to the students who don’t major in scientific illustrations but ordinary 

scientific subjects. 

On the other hand, in Japan, the field of scientific visualization covering scientific 

illustration, design and infographic, has not been popular. It was not until 2011 that a 

professional course for medical illustrators was established in Kawasaki University of 

Medical Welfare9). There are only a few university teachers who can teach scientific 

illustration and design. They are scattered in different universities across the country10). 

Education in scientific visualization is not yet systematized in Japan, and almost no students 

nor researchers have sufficient opportunities to learn drawing and designing. It is necessary 

to construct a specialized educational system and teaching methods of scientific visualization.  

One of important problems, however, is that there are few lectures for students to 

obtain an overview of the field of scientific visualization. So we have provided omnibus 

lectures of various fields in scientific visualization. We have also focused on people having 

different levels of interests and skills of drawing and designing. We have provided some 

different learning opportunities for various needs. 

 

The University Lectures, “The Age of Visualization” 

In 2015, we provided omnibus lectures, “The Age of Visualization (“Kashika no Jidai” 

in Japanese)”, mainly for first-year undergraduates. In these lectures, students studied about 

medical imaging, image analysis, scientific illustration, infographics, graphic design, 3DCG 

and visualization in the society, so that they could have an overview of scientific visualization. 

The lectures were classroom learning, and partly included practical training such as drawing 

illustrations and making presentations (Fig. 1). The teachers were M. Tashiro (CYRIC), K. 

Watabe (CYRIC), K. Sato (Graduate School of Educational Informatics), S. Kubo (Graduate 

School of Information Sciences), K. Ariga (CYRIC) and T. Narashima (Tane+1 LLC). T. 

Narashima is a professional scientific illustrator. According to the results of questionnaires, 

students appreciated knowing diverse fields in scientific visualization. It is considered that 

these lectures broadened student’s perspective. 

 

The Lecture Presentation and the Workshop 

We held a seminar, “The Technique of Visual Design and Presentation in Academic 
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Presentation”, that was open for a wide range of participants including graduate students, 

professors and designers. In this seminar, we invited S. Tanaka (Associate Professor, Faculty 

of Art and Design, University of Tsukuba), Y. Miwa and M. Kobayashi (Assistant Professors, 

Faculty of Medicine, University of Tsukuba). S. Tanaka studies about education of visual 

design for scientists and wrote a book about a design guideline of academic presentation. 

They provided presentations about graphic design with PowerPoint and the method of 

fascinating presentation (Fig. 2). The audience of more than 50 came and listened to this 

seminar with attention.  

We also held a workshop, “The Technique to Make Comprehensible Infographics.” 

for a class of people having much interest in visual communication in science (Fig. 3). The 

guest speaker was H. Kimura (TUBE GRAPHICS Co., Ltd.). He has been a leading designer 

on infographics in Japan. About 20 people participated in this event, and were divided into 

small groups. Participants made infographics about smartphones on a large sheet of paper 

with pens in each group. This event was opened to the public, and participants included 

researchers, university public relations officers, technicians and creators. According to the 

results of questionnaires, this workshop achieved a high satisfaction level. 

 

Visual Communication Seminar, “AS seminar” 

We held a seminar called “AS seminar” to study about comprehensive visual 

communication. It was held on about twice a month, including two staffs of CYRIC and six 

students of Graduate School of Sciences and Faculty of Sciences at their own initiative. In 

this seminar, we made their original infographics through the following procedures. First, the 

members decided on a common theme (e.g. sunscreen) for their infographics. Second, they 

had so much discussion on the theme, media and target, and researched about the subject (Fig. 

4). Third, they provided concrete ideas of visualization and made sketches of their own 

infographics. Fourth, they were instructed about designing graphics as well as using a 

software for visualization, Illustrator. Finally, each of them made a graphic of the common 

theme (Fig. 5). Through this seminar, the authors explored the effective way of learning 

complex processes of visual communication. 

 

Conclusion 

In this paper, we reported some education practices of scientific visualization. The 

practices included unique omnibus lectures for undergraduate students, a seminar and 
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workshop for university faculties and students, and a seminar for higher interested students 

and staffs. Providing omnibus lectures and multiple education opportunities for different 

levels of audiences is a unique activity in Japan.  

There are some future considerations. These practices except for the omnibus lectures 

are not connected to university education. They are voluntary works, and it is not easy to 

continue in the long term. It is needed to appeal to the university administration in order to 

hold them regularly. We also have to grasp the needs of the researchers and students and 

develop the teaching method. For example, the workshop may not be fascinating for many 

researchers because the audience needed to spend long time for their homework and 

attendance. In the omnibus lectures, we were not able to tell students how each field of 

scientific visualization was related to others. 

Our activity has just started. The authors hope that the design and drawing skills of 

researchers will increase and the presence of researches and the public understanding of 

science will be enhanced in Japan. 
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Figure 1.  A scene of drawing practice on the white board in the lecture “The Age of 
Visualization” (LEFT) and the illustration of “Cell” by one of the students (RIGHT).  

 
 

 
Figure 2.  A scene of the seminar, “The Technique of Visual Design 
and Presentation in Academic Presentation.” The guest speaker, S. 
Tanaka gave a presentation about graphic design. 

 

 

  
Figure 3.  A scene of the workshop, “The Technique to Make Comprehensible 
Infographics.” The guest speaker, H. Kimura made a speech (Left) and participants had 
a discussion to make infographics (Right). 
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Figure 4.  A scene of “AS seminar." 

 

 

   
Figure 5.  The parts of the infographics made by seminar members. 
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 Yujyu Abe (Graduate School of Pharmaceutical 

Sciences) 

 Azusa Kazama (Faculty of Pharmaceutical Sciences) 

 Ryo Akita (Faculty of Pharmaceutical Sciences) 
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 Yoshimi Hayakawa (Faculty of Pharmaceutical Sciences) 

 Kosuke Emura (Faculty of Pharmaceutical Sciences) 

 Rei Takeuchi (Faculty of Pharmaceutical Sciences ) 

 Rinn Matsuda (Graduate School of Medicine) 

 Akie Inami (Graduate School of Medicine) 

 Ying Hwey Nai (Graduate School of Medical Engineering) 

 Fairuz Binti  Mohd Nasir (Graduate School of Medical Engineering) 

 Yuto Nagao (Graduate School of Medical Engineering) 

 Takayuki Ose (Graduate School of Medical Engineering) 
 
 
Office Staff 

 Toshimitsu Okamura    

 Katsuo Aizawa    

 Shinichi Suenaga    

 Shinya Terui    

 Kyoko Fujisawa    

 Kei Ito    

 Nayoko Aota    

 Ryoko Ito 

 Fumiko Mayama    

 Ikuko Tojo       
  
  

1) Research professor 
2) Research fellow 
3) SUMI-JU Accelerator Service Ltd. 
4) Graduate School of Science 
5) Graduate School of Engineering  
6) Frontier Research Institute for Interdisciplinary Sciences 
7) Institute of Development, Aging and Cancer 
8) JSPS researcher 
9) Graduate School of Medicine 
10) Japan Radiation Protection Co., Ltd. 
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