








































































2008A1752         BL37XU 

Study on the accumulation of iodine and element dynamics in 
endostyle of amphioxus, which is a close invertebrate to vertebrates. 

a a b a a

aKaoru Kubokawa, aMayumi Inaba, bTakuji Ohigashi, aHisayuki Iwata, aSonali Roy 

a , b

aOcean Research Institute, University of Tokyo, bRitsumeikan University 

The thyroid gland exists in only vertebrates. The gland synthesizes and secrets the thyroid hormone, which is 
an indispensable endocrine organ to the homeostasis. The purpose of this study is the analysis of the 
fundamental function of the thyroid gland. The endostyle of amphioxus that is believed as the origin of the 
thyroid gland was surveyed the iodine which is the material of thyroid hormones. Furthermore, the distribution 
of tracer elements was mapped on the endostyle. In results, iodine was confirmed to be absorbed into the 
endostyle, and iron and bromine were found in the endostyle. The distribution of the tracer elements might 
change by environment, and it is suggested that the tracer elements in the endostyle were concerned with 
adaptation to environment. 
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(1) Takeda, T., et al., (2000) Cell Mol Biol., 46: 

1077-1088. 

(2) Ericson, L.E., et al., (1986) Cell Tissue Res., 

241: 267-273. 

(3) Fujiwara, Y., et al., (2007) Mar. Ecol., 28: 

1-14.

20

���



2008A1753         BL20XU 

X

Visualization of cell nuclei in zebrafish embryos by using 
refraction-enhanced X-ray micro-tomography 

a a b b c

c c a a a a a

a a a

Tamami Yamamotoa*, Moly Pricila Khana*, Takuto Hashimotob, Yasushi Kagoshimab,

Kentaro Uesugic, Akihisa Takeuchic, Yoshio Suzukic, Kyohei Fujitaa, Mayumi Haraa,

Sohei Nakayamaa , Mariko Itoha, Erika Isodaa, Kazutake Tashimaa, Yoshie Matushitaa, Kohei Hattaa

a

b c

PFA 10 26
0.5 1 m

We tried to analyze three-dimensional structures of the brain in zebrafish and medaka by visualizing individual 
cell nuclei by using refraction-enhanced high-resolution X-ray micro-tomography at BL20XU in SPring8. 
Fixed larvae at 10 days or 26 hours after fertilization were inserted in a glass tube or loop. They were observed 
at the resolution of pixel size 0.5~1 m. It was possible to create virtual serial sections of any direction at high 
resolution to analyze layers and brain nuclei in the vertebrate nervous system. We also could use gold-labeled 
antibody and colloidal gold enhancer to visualize specific neurons, Mauthner cells, at 3 dimension. 
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2008A1754         BL20B2 

X
CT

Live imaging of the sequence of skeletal movement during respiration 
and feeding, and high resolution analysis of three-dimensional 

structures of teeth in adult zebrafish and medaka by using X-ray micro 
computerized-tomography 

a a a Pricila Khan Moly a b a

a a a a a a

Kyohei Fujita a, Sohei Nakayama a, Tamami Yamamoto a, Kentaro Uesugi b, Pricila Khan Moly a,

Erika Isoda a, Mariko Itoh a, Kazutake Tashima a, Mayumi Hara a, Yoshie Matsushita a, Norihiko 

Yamasaki a, Kohei Hatta a

a

b  (JASRI)
a Graduate school of Life Science, University of Hyogo 

b Japan Synchrotron Radiation Research Institute (JASRI)

X CT
3 X

Using X-ray micro computerized-tomography, we analyzed three dimensional structures of the skeletal 
elements in the body, head and teeth. Furthermore we analyzed coordinate movements of teeth, jaws, 
branchial mantles during respiration and feeding by X-ray live-imaging. We could analyze coordinated 
movements of jaws, branchial mantles while fish uptake water from mouth and eliminate from gills. 
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2008A1755         BL37XU 

Subcellular localization of metal elements in hepatocarcinogenesis 

a a a a b

Yonson Kua, Hisoka Kinoshitaa, Takumi Fukumotoa, Yuichi Horia, Takuji Ohigashib

a b

a Kobe University Graduate School of Medicine, Department of Surgery, Division of 

Hepato-Biliary-Pancreatic Surgery, b Research Organization of Science & Engineering, 

Ritsumeikan University

DNA
C

X

Iron is an essential metal for DNA synthesis, oxygen transport, and energy production; however, excess iron 
accumulation cause organ dysfunction through the production of reactive oxygen species. Iron accumulation in 
the liver is common in patients with chronic hepatitis C, which is the high risk factor of hepatocellular 
carcinoma (liver cancer). Excess iron deposition in the liver is hepatotoxic and may exacerbate liver injury. 
However, little is known about the iron distribution due to the lack of a highly sensitive detection method. To 
clarify the mechanism of iron accumulation in carcinogenesis, we determined iron distribution in the human 
liver by means of synchrotron radiation X-ray fluorescence (SRXRF) microscopy. 
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Fig. 1 Iron deposits in the normal liver 

Fig. 2 Iron deposits in chronic hepatitis C liver 

Fig. 3 Iron deposits in the cirrhotic liver
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Medical Bio Trial Use Proposal: Medical Bio EX Proposal Report

Proposal Number:

Title:

Project Leader Name:
Project Leader Affiliation:

Beamline Used:

Research Purpose and Background:

Aims:
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Aims:

Method and Results:

Status of Publication and Patent:

1. Irvine, S.C., Paganin, D.M., Jamison, R.A., Dubsky, S. & Fouras, A. (2009) Vector 
tomographic X-ray phase contrast velocimetry utilizing dynamic blood speckle. Submitted 
to Optics Express.  

2. Dubsky, S., Jamison, R.A., Irvine, S.C., Siu, K.K.W., Hourigan, K. & Fouras, A. (2009) 
Computed tomographic X-ray velocimetry. Submitted to Applied Physics Letters.  
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Research Results:

Status of Publication and Patent:

Dubsky, S. Jamison, R.A. Hourigan, K. Fouras, A.
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Figure 1. Successful 3Dmeasurement of blood flow in in vitro model of vasculature
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2008A1758         BL20B2 

3
3D reconstruction of vertebrates and their relatives to understand the 

morphological diversity 

a b c b a

Haruo Mizutania, Kentaro Uesugib, Kaoru Kubokawac, Masato Hoshinob, Toshihisa Takagia

a b c

aScience Integration Program, University of Tokyo, bJapan Synchrotron Radiation Research 

Institute (JASRI), cOcean Research Institute, University of Tokyo 

CT
3

It is useful for medicine to provide knowledge of evolutionary biology to understand the human etiology and 
pathology. The internal organs should be compared between homologous organs of existing species because 
fossils have little information about soft tissues. Here, we identified and quantified morphological shapes 
including the organs of vertebrates and their relatives by using x-ray micro-CT method at the BL20B2 of 
SPring-8. As a result, we generally succeeded to acquire three-dimensional structures of the organs inside the 
bodies, especially the plastinated samples provided good results, keeping the internal organs high contrast. 
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Fig. 1. Schematic layout of the x-ray micro-CT system at 

the BL20B2 of SPring-8. 
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Fig. 2

Fig. 2. Three-dimensional rendering view of the 

plastinated amphioxus. a) surface view of the head part, 

b) inside view of the ventral part 
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Medical Bio Trial Use Proposal 

1. Proposal number :   2008B1960 

2. Title of experiment:  Valence states of hemin-iron in cultured brain cells: implications 
          for haemorrhagic stroke 

3. Name and affiliation of the project leader: Dr Marian Cholewa 
       Monash University, Australia 

4. Beamline used:  BL37XU  

5. Research purpose and background 

Stroke is the third leading cause of death in Australia and one of the main causes of disability. 
Around 20% of strokes involve the rupture of cerebral blood vessels, and these ‘haemorrhagic 
strokes’ have a higher degree of lethality than other forms of stroke. As the haemoglobin from 
red blood cells oxidises, the hemin (oxidised heme) and globin moieties separate from each 
other. It is widely believed that the release of iron from hemin is one of the main causes of the 
brain damage that follows a haemorrhagic stroke. The popular view in the literature is that the 
hemin is subsequently broken down by heme oxygenase-1, thereby releasing iron that can 
catalyse the generation of cytotoxic hydroxyl radicals, particularly when in the presence of 
superoxide and hydrogen peroxide, which are normal byproducts of cellular metabolism 
(particularly in mitochondria).  

Experiments in the laboratory of Robinson and Bishop have cast doubt on this popular view. 
We have confirmed that cultures of primary brain cells (astrocytes or neurones) do readily 
take up hemin, and that it is very toxic to these cells. However, we have shown that the cells 
do not metabolise much of the hemin that they take up. Therefore, it appears that the toxicity 
of hemin could be due to hemin itself, rather than to its breakdown products (iron and 
biliverdin/bilirubin). We now have evidence that hemin is able to directly interact with 
hydrogen peroxide, and we hypothesis that the iron remains bound to the protoporphyrin ring 
within the hemin  while it participates in the Haber-Weiss/Fenton reaction to produce toxic 
hydroxyl radicals. If this hypothesis is correct, then the iron moiety in hemin must cycle 
between Fe2+ and Fe3+, rather than remaining oxidised as Fe3+ as had been previously 
supposed. The present project will examine whether the iron in hemin does cycle between 
both valence states when taken up into brain cells.

In this experiment, astrocytes will be isolated from neonatal rat brains and then culture in 24-
well plates for 14 days until semi-confluent. Pathophysiological concentrations of hemin will 
then be added to the culture medium, and the cells will be incubated for a period ranging from 
15 minutes to 24 h. The cultures will then be washed 2 times with phosphate-buffered saline 
before being lifted from the culture wells using trypsin. Cells will then be washed in 200mM 
ammonium acetate and dropped onto a Kapton foil. Cells will then be fixed in isopentane 
cooled in liquid nitrogen and freeze dried. Experiments by other investigators have shown that 
this fixation regime greatly limits the rate of oxidation of the tissue sample, and renders it 
suitable for examination with synchrotron hard X-irradiation. The samples will be examined 
on the BL37XU beamline at the SPring-8 synchrotron, and the distribution of iron within the 
cells examined. The BL37XU beamline offers a spatial resolution below 1 m which will be 
sufficient for this project. We should be able to conduct elemental characterization by 
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employing a synchrotron radiation-induced X-ray emission (SRIXE) technique. Chemical 
characterization will be conducted by using the X-ray absorption near edge spectroscopy 
(XANES) technique. Data on the relative frequency of the two valences of iron within 
different intracellular compartments, may enable us to determine which organelles are most 
vulnerable to the toxicity of hemin. Such an investigation is not possible with conventional 
microscopy. The ratio of Fe2+/Fe3+ within the cells will be compared to that within samples of 
pure hemin to demonstrate whether a significant proportion of the intracellular hemin-iron has 
been reduced to Fe2+. It may also prove possible to determine whether the reduction of hemin-
iron occurs at the cell membrane, in association with particular organelles (eg. mitochondria), 
or uniformly throughout the cytoplasm. It would not be technically possible to compare the 
intracellular distribution of Fe2+ and Fe3+ without a synchrotron X-ray beamline, and no such 
beamline currently exists at the Australian synchrotron. The data obtained in this study should 
provide important insights into the basis of hemin toxicity, and may help to point towards new 
avenues for the therapeutic treatment of haemorrhagic stroke. 

6. Experimental/analytical method: SRIXE (Synchrotron Radiation Induced X-ray Emission) 
     XANES (X-ray Absorption Near Edge Spectroscopy) 

7. Research results 

For the experiments at the BL37XU beamline at SPRING8 we prepared three groups of 
samples. The first sample group consisted of astrocytes that were grown in their normal 
culture medium. The second sample group consisted of astrocytes that were incubated with 
hemin for 24 h. The final sample group consisted of astrocytes that were incubated with free 
iron from ferric ammonium citrate (FAC) for 24 h. For each sample group we targeted at least 
10 individual cells and obtained elemental maps at one micron resolution for iron, copper, 
zinc, calcium, potassium and phosphorous for each cell. We also obtained elemental spectra 
from 2 subcellular locations (nucleus and cytoplasm) and the background outside the cell, in 
order to quantify these elements. For the sample groups that were incubated with hemin or 
FAC, we conducted XANES analyses of iron in order to determine the valence state of iron. 

Preliminary results from these analyses show that the iron content of cells incubated with 
hemin or FAC contained high levels of iron. The level of iron in these cells were found to be 
about 10 times higher than in control (untreated) cells. The elemental maps suggest that the 
hemin accumulated by astrocytes is diffusely located throughout the cell body. By contrast, 
the iron accumulated from FAC was highly localized to a perinuclear location. Taken together, 
these results suggest that hemin may be able to exert its toxic effects throughout the cell body 
while free iron is localized to a specific area within the cell, perhaps to limit its toxic effects. 
Preliminary XANES analyses show that both Fe2+ and Fe3+ are present in cells incubated with 
hemin, indicating that hemin is reduced to heme. These data support the hypothesis that 
hemin is toxic to cells by producing radicals through cycling between valence states. In 
contrast, iron in cells treated with FAC was found to be wholly Fe3+, indicating that the iron is 
unlikely to undergo redox cycling, and may be stored within iron storage proteins such as 
ferritin.

8. Current and future issues/challenges 

During the experiment we have identified two groups of issues/challenges: 
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A. Sample environment 

Samples have been prepared on a large plastic (acrylic) frames with holes covered with a 
thin (7.5 m thick) Kapton foil. A small (5 L) of liquid medium with about 100 cell was 
deposited on a Kapton foil and freeze-dried. Prior to experiment at the BL37XU beamline, 
cells were identified and their position recorded with the use of an off-line microscope. 
We have identified two issues: 

1. Offset in cell position: there is an about 50 x 80 m offset between the stage 
coordinates on the off-line microscope and the on-line stage at the beamline. 

2. Distance of cell to the detector: with the present beamline geometry (10 degree tilt) 
the detector could only be positioned at a large distance (approximately. 30 mm) from 
the cell during data collection. This limited the solid angle of the detection system and 
reduced data collection rate. 

B. Data collection and analysis

We have identified two issues:

1. Number of elemental maps: Data could only be collected from a maximum of 6 pre-
selected energy windows, which constrained the range of elemental maps that could be 
collected during the experiment. If some other elements might become of interest later 
on it would be necessary to repeat the experiment. Data collection in the event-by-
event mode (full spectra collected for each pixel) will solve this problem in the future. 

2. Peaks overlap and background: at present data collection does not allow the user to 
obtain precise quantitative information about elemental concentration. When selecting 
an energy window is not possible to eliminate overlaps of peaks from different 
elements, pile-up peaks and subtract the background. 

9. References 
Not applicable. 

10. Status of publication and patent 

During the time allocated for our experiment we have collected very useful SRIXE and 
XANES data. And we are planning to publish these results in a journal with a high impact 
factor. We have not yet decided which journal this will be, and a decision will be made until 
after data analysis has been completed. 

11. Keywords and annotations 

Keywords: astrocytes, rat brain, elemental analysis, oxidation state of Fe 

Team:

Dr Marian Cholewa 
0022876
Monash University, Australia 
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A/Prof. Stephen Robinson 
0024610
Monash University, Australia 

Mr Jeffrey Liddell 
0024637
Monash University, Australia 

Ms Theresa Dang 
0024634
Monash University, Australia 
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2008B1964         BL20B2 

CT
Analysis of brain pathophysiology by using radiant light 

 ~ application of phase contrast CT to Alzheimer’s disease, 
Parkinson’s disease, and stroke 

a b b

Hiroshi Onoderaa, Naoto Yagib, Kentaro Uesugib

a b

a Nishitaga National Hospital, b JASRI 

CT(X-CT) 3
diffuse plaque 

X-CT

By using radiant light X ray CT(X-CT), we made 3D analysis of disease brains, such as Alzheimer’s disaease 
and Cerebellar degenerations. Diffuse plaques of Alzheimer brain could not be detected. Cerebellar damages 
specific for each cerebellar diseases was visualized 3-dimentionally. X-CT is a valuable tool to analyze 
pathological structural changes of the diseased brains without destroying important samples. 

X CT MRI
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Purkinje

CT

X CT,   brain  Parkinson’s 

disease,  Cerebellar degeneration 
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2008B1965 Study on the macro- and micro- distribution of platinum anticancer drug-containing 

polymeric micelles in tumor tissue 
Project leader: Horacio Cabral  

Affiliation: Center for Disease Biology and Integrative Medicine. Faculty of Medicine. The University of Tokyo 

Beamline: BL37XU 

Research Purpose and Background  

Oxaliplatin is a widely used and very potent anticancer drug. 

Nevertheless, it distributes rapidly to the whole body 

leading to undesired side effects [1]. Consequently, 

enormous effort has been dedicated to develop drug 

delivery systems that target the drug to solid tumors by 

taking advantage of the improved accumulation and 

retention of macromolecules (enhanced permeability and 

retention effect) at the tumor site. [2]. However, successful 

formulations have not been developed yet due to 

unfavorable properties of platinum drugs.  

A novel approach to the design of nanocarriers for 

oxaliplatin has been utilizing polymeric micelles. These 

polymeric micelles incorporate the oxaliplatin parent 

complex, dichloro(1,2-diaminocyclohexane)platinum(II) 

(DACHPt), by the complexation of DACHPt with 

poly(ethylene glygol)-poly(glutamic acid) block copolymer 

(PEG-b-P(Glu)) (Fig. 1A). DACHPt-loaded micelles 

(DACHPt/m) have shown more than 20-fold greater 

accumulation in tumor tissue and a strong antitumor activity 

compared to free oxaliplatin without any side effect [3] 

suggesting that DACHPt/m are exceptionally promising 

carriers for oxaliplatin.  

In addition to the enhanced accumulation of polymeric 

micelles at the cancer site, the improved penetration of the 

drugs in the tumor tissues can be also responsible for the 

superior activity of DACHPt/m. Thus, we studied for the 

first time the tissue distribution of oxaliplatin and 

DACHPt/m with different diameters (Fig. 1B) by XRF in 

intractable human pancreatic cancer, which are known to 

have low drug permeation due to their high fibrosis and 

very low vascularization. Accordingly, in order to see the 

penetration efficiency of the Pt drugs into the cancer tissue, 

the Pt distribution in tumor sections was analyzed. 

Moreover, the tissue attributes were determined by the 

distribution of K, Fe, Zn and Ca  

Experimental/Analytical Methods 

DACHPt/m with 35 nm-diameter were prepared by mixing 

DACHPt (5mM) and PEG-b-P(Glu) ([COOH]= 5mM) in 

water. DACHPt/m with 80 nm-diameter were prepared 

likewise, but with the addition of p(Glu) homopolymer 

([COOH]= 0.5mM). The micelles were purified by 

ultrafiltration. The diameter of the micelles was determined 

by dyamic light scattering and the amount of loaded 

DACHPt was determined by ICP-MS.  

To determine the plasma clearance of the micelles, Balb-c 

nu/nu (female, n=5) were injected intravenously with 

DACHPt/m with 35 nm or 80 nm-diameter. The blood was 

collected, the plasma was separated by centrifugation and 

the amount of DACHPt was determined by ICP-MS. 

To study the tumor distribution, Balb-c nu/nu mice (n=5) 

were inoculated subcutaneously with BxPC3 cells (1 x 107

cells/ml) and allowed to grow for 3 weeks. Subsequently, 

oxaliplatin or DACHPt/m of 35 and 80 nm were 

administered at 10mg/kg (on a platinum base). The tumors 

were excised 24 h later and kept at –80 C. Then, tissue 

sections were set on propylene sheets. The XRF studies 

were performed at the BL37XU beamline. The spectral 

acquisition time was set to 1s and the step size varied 

depending on the sampling size. Other experimental 

conditions, including the excitation energy, were similar to 
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previous micro-XRF imaging measurements. 

Research Results 

All the DACHPt-loaded micelles presented similar 

pharmacokinetics (Fig. 1C). Thus, it is reasonable to 

compare the distribution in tumor tissue of the different 

DACHPt/m. 

Figure 1. A. Scheme of DACHPt-loaded micelles (DACHPt/m) 

formation. B. Size distribution of DACHPt/m with 35 nm and 80 

nm-diameters. C. Plasma clearance of DACHPt/m with 35nm and 

80 nm-diameters.  

The XRF results showed the distinctive aspect of BxPC3 

pancreatic cancers, i.e. cancer cell nests surrounded by 

fibrotic tissue and very low vasculature. These nests 

presented high concentration of K and Zn due to cellular 

activity but they were depleted of Fe because of the 

restricted blood flow inside the cancer cellular nests (Fig. 

2A). Moreover, those nests were surrounded by Fe-rich 

areas suggesting vascularization.  

The accumulation of oxaliplatin in the tumor was not 

enough to be detected since it is cleared very rapidly from 

the bloodstream. Conversely, the DACHPt/m presented 

much higher accumulation. Moreover, the Pt concentration 

for DACHPt/m was higher in the areas surrounding the 

cancer cell nests and gradually diminished as moving to the 

center of the nests (Fig. 2A and 2B). 

Figure 2. A. Tissue distribution of Pt, Fe, K, for DACHPt/m with 

35 nm-diameters. B. Tissue distribution of Pt, Fe, K, for 

DACHPt/m with 80 nm-diameters.

Additionally, the ability of the micelles to penetrate inside 
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the nest seemed to be dependent on the micelle size as the 

DACHPt/m with 35 nm-diameter showed a more 

homogeneous distribution than the micelles with 80 

nm-diameter (Fig. 2B). 

Current and Future issues 

These results suggest XRF is a very powerful technique to 

study the macro and micro-distribution of platinum drugs as 

well as other metallocompounds in tumor tissues. Moreover, 

this study will provide a deeper comprehension in the 

mechanism of the unprecedented tumor-growth suppression 

of DACHPt-micelles against pancreatic cancers but also 

will give new insights for the design of drug delivery 

systems that can penetrate deeper inside tumor tissues with 

low vascularization. 

References 

1.A. Ibrahim, et al., The Oncologist 9 (2004) 8–12 

2. Y. Matsumura, et al., Cancer Res. 46 (1986) 6387-6392 

3. H. Cabral, et al., J Control Rel, 121 (2007) 146-155 

Status of publication: Preliminary results 

Keywords: drug delivery system, polymeric micelles, 

chemotherapy, oxaliplatin, intratumor distribution 
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X CT
Na-Ca

Visualization of lens protein concentration gradient by phase-contrast 
X-ray CT: Investigation of possible preventive effect of strong 

expression of Na-Ca exchanger in diabetic cataract mouse. 

a b b b

Satoshi Mohri a, Masato Hoshino b, Kenatro Uesugi b, Naoto Yagi b

a b /SPring-8
a Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, 

b Japan Synchrotron Radiation Research Institute/SPring-8 

X CT
SPring-8 X CT % 10 m

Information of soft tissues consisting of  light elements cannot be obtained by absorption-contrast X-ray 
computed tomography (CT)  due to their small difference of X-ray absorption. On the other hand, 
phase-contrast X-ray CT at SPring-8 enables to visualize 1% density difference at 10 m resolution. We have 
previously carried out into the visualization of protein concentration of rodent lens to reveal the 
pathophysiology of ophthalmic disorder.  In present study, we showed that phase-contrast X-ray CT could 
visualize spacial distribution of lens protein and also evaluate the time course of increases of lens protein 
during rat development. 
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Figure 1: Analysis of lens protein concentration gradiaton 

Figure 2: Post natal weeks and lens density 
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2008B1966         BL28B2 

Analysis of microplanar beam radiation response to tumor blood vessel 

a a b a c

a a a

Takashi Amanoa, Shinichi Araoa, Keiji Umetanib, Akira Kitayamaa, Ryoji Tokiyac,

Naomasa Narihiroa, Harauchi Hajimea, Matsumiya Akiraa

a , b ,c

Kawasaki College of Allied Health Professions, JASRI, Kawasaki Medical School Hospital 

microbeam
2

microbeam broad
microbeam 500Gy broad 63Gy

microbeam broad 1

broad

Purpose: To assess through experiments how microplanar beam (MPB) irradiation affects tumor cells and 
vascular vessels. Methods and Materials: Rat mammary adenocarcinoma (NMU) and human head-and-neck 
squamous cell carcinoma (KB) cell lines were irradiated with MPBs or broad beams (BBs) to compare the 
effects of the two beam types. The SPring-8 BL28B2 beam line device used employs a microplanar collimator 
to emit an array of white X-ray parallel MPBs at approximately 25 m in width at intervals of 200 m. The 
beam doses were set 500 Gy for the MPBs and 63 Gy for the BBs. Microangiography of the inferior limbs of 
the rats was performed about one week after MPB or BB irradiation to evaluate the morphology of 
microvasculatures. Results: Microangiographic images of inferior limbs of the live rats showed that 
microvasculatures irradiated with the MPBs had a more normal morphology than those irradiated with BBs. 
Conclusion: These results demonstrate that MPBs irradiated through a collimator reduce tumor growth speeds 
in established cell lines to a greater extent than the current clinical method involving BBs, suggesting that the 
microplanar collimator may provide radiation-biological and physical buffering effects. 

3

SPring-8

Micro planar beam

Microbeam Radiation 

Therapy MRT

MRT
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Table 1.

Fig. 2. a. normal vascular vessels of the inferior 

limbs of the rat., b. 9 days after the broad beam 

irradiation (63Gy)., c. 9 days after the 

microplanar beam irradiation (500Gy).  

X

MRT

1)Tokiya,R.et al.Observationof microvasculatures 

in athymic nude rat transplanted tumor using 

synchrotron radiation microangiography system. 

Acad Radiol. Vol.11, No.9 1039-1046, 2004 

2) :

. 30

2 83-97, 2005  

1)15th INTERNATIONAL VASCULAR BIOLOGY  

MEETING, 1-5 June 2008, Sydney, Australia 

2)UICC 2008 World Cancer Congress meeting in 

Geneva, POS-A297 

MPB: microplanar beam 

BB: broad beam 

NMU: rat mammary adenocarcinoma 

KB: human head-and-neck squamous cell 

carcinoma 
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After Experiment Report:  

1. Proposal number: 2008A1863 
2. Title of experiment: Micro-beam dose enhancement using gold-nanoparticles: 

validated using cancers cell cultures and polymer gels 
3. Name and affiliation of the project leader: Moshi Geso, RMIT University, 
4. Beam line used: BL28B2 
5. Research Summary: 

Microbeam dose measurements and enhancement with gold nanoparticles 
using PAG and biological cells 

Microbeam radiotherapy “MRT” encompasses delivery of parallel plane beams of 
micrometers in size (about 25 m) and spaced by much larger non irradiated spaces (about 
200 m).  MRT have been proven to be a highly interesting radiotherapy technique which 
promises large benefits upon its clinical application. Moreover, it raises very many 
challenging radiobiological questions. However, radiation dose required for delivery of 
MRT procedure with its full radiobiological and rdaiotheraputic benefits is prohibitively 
high and it requires microdosimetry techniques for its quantification. In general, 
micordosimetry is being used to measure the stochastic distributions of energy deposited by 
radiations in microscopic sites and its measurement reliability is considered to be a serious 
challenge for all the known dosimetry techniques. Therefore MRT could profit immensely 
from radiation dose measurement techniques. 
MRT’s nature of possessing high dose gradients means that it is difficult to accurately 
determine the dose distribution. Current techniques employed for dose measurement 
include Metal-Oxide Semiconductor Field Effect Transistor “MOSFET”s and radiochromic 
films; however, currently no method is completely satisfactory. Additionally, the predicted 
dose distribution of MRT has been simulated using Monte Carlo techniques. These 
dosimetry techniques have been employed with limitations to determine mainly the ratio of 
the dose at the peak (irradiated areas) to the low dose (minimum values at the non irradiated 
areas) at the valleys and this is termed peak to valley ratio. This value of the peak-valley-
ratio is critical for the effectiveness of the MRT technique’s validity.  
One feature of this work aimed at attempting to use Polyacrlyamide Gel “PAG” dosimeters 
for capturing the dose at the peaks of the microbeams and the dose at valley. Polymer gels 
are normally monomers which get converted into polymers via the free radicals generated 
by irradiation. The polymers are further linked via some special types of cross linkers to 
form gigantic molecules. This process affects the gels magnetic and optical properties. The 
change in their magnetic characteristics can be detected by MRI scanning with spatial 
resolution about a millimeter. However, such a resolution is not adequate for microbeam 
dosimetry. Therefore, we used the change in their optical properties as a means for dose 
extraction. And this change in optical property of PAGs is detected by Raman spectroscopy. 
Raman spectroscopy can analyze dose measurements with about a micrometer resolution. 
This attempt stemmed from our pioneered work to extend the applicability of PAGs to 
minefields in radiotherapy(1).  
The experimental set up for PAGs irradiation at SPring-8 and their Raman spectroscopy 
output is depicted in figure 1-a. The gel dosimeters were prepared in Australia and 
transported to the SPring-8 site in Japan. Then they were irradiated at the beam line 
BL28B2 with 100-150 kV x-ray beam that is collimated through special type microbeam 
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slits adequate for delivery of MRT beam. The irradiated gels were transported back to 
Australia for Raman spectroscopy scanning. The outcome of this section comprises validity 
of PAG dosimeters for dose determination of the microbeam and an approximate estimation 
of the ratio of the peak-to-valley dose and the results are validated against radiochromic 
film and MOSFET type dosimeters previously documented in literature.  
The other feature of this work focused on discovering means of enhancing the dose 
delivered by microbeams. Radiation dose enhancement is always a desirable issue in 
radiobiology and radiotherapy in general and of course much more so in the high dose 
gradient MRT technique. This research also aimed at investigating the microbeam dose 
enhancement using gold nanoparticles “AuNPs” as extension to our previous work(2) with 
x-ray tube beams. This approach (dose enhancement) was validated by two ways; one 
through employing PAGs and the other one through cell culture studies. Dose enhancement 
by metallic nanoparticles has been found to be more effective at low (kilovoltage) ranges of 
x-ray energies which encompasses that of the microbeam (about 100-150 kV). A typical 
experimental set up for cell culture irradiation by microbeams with a depicted outcome 
showing dead cells aligning the irradiated areas are displayed in figure 1-b. The irradiation 
with microbeam was accomplished with cells (Bovine endothelial type) incubated with 
various concentrations of AuNPs (of about 2 nm in size) ranging from 0 and up to about 2 
mM. The cells were fixed at different time intervals after irradiation. The fixed cells were 
then transported to Australia for immunohisto-chemistry investigations to determine the 
rate of the depleted gaps filling and the level of the cells’ stress and their relation- ships 
with the AuNPs. The outcome will determine the effects of the inclusion of the gold 
nanoparticles in the target on the cells growth and their signaling after irradiation. The 
results beside their value in Microbeam radiotherapy will shed light on many radiological 
and molecular biology issues such as cells signaling and so called bystander effect. 
Moreover, an attempt was made to determine the cells viability with and without the 
existence of the nanoparticles in the culture to augment our previous findings(2) and the 
results are depicted in figure(2). The histogram clearly indicated the influence of the AuNPs 
on the effective dose delivered to the cells in the culture. The data from the analysis of the 
PAGs and the cell cultures studies will conclude the full effects of the AuNPs on the 
microbeam dosimetry.  
The basis of the AuNPs effects on the dose is also studied theoretically and the 
underpinning explanation for such effects is vital for the data analysis and the plans for 
further studies in this area. Incubation of the cell culture (or PAGs) with the metallic 
nanoparticles leads to additional interaction of x-rays with the high atomic number target 
atoms. At these energies (around 100-150 kV) most of the x-ray photons will interact with 
the gold atoms through Compton and photoelectric effects. Generation of large number of 
Auger electrons is also anticipated, which will end up losing their energy locally hence 
enhancing the overall dose deposited at the target.  
Dose enhancement factor “DEF” is defined as; 

max

0

max

0

,

,

)(

)(

1 E

E Ewater

en

Enano

E

E

en
nano

dEE

dEEc

DEF

����



����



References:
1. a-Wong C.,J., et al. Moshi Geso*, 2009“Small field size dose profiles measurements 

using gel dosimeters, gafchromic films and microTLD dosimeters », Radiaiton 
Measurements, Vol. 44, issue #3, pages:249-256. b- M. Geso*, T. Ackerly, S. Brown, 
Z. Chua, C. He, C. J. Wong, C. E. Powell, A. Ho, G. Qiao, D. H. Solomon, W. 
Patterson, and J. M. Droege, “Determination of dosimetric perturbations caused by 
aneurysm clip in Stereotactic Radiosurgery using gel phantoms and EBT-
Gafchromic films,” Medical Physics, vol. 35, pp. 744-752, 2008. 

2. Rahman W.,et al. and M.Geso*, ”Enhancement of radiation effects by gold 
nanoparticles for superficial radiation therapy”, Nanomedicine:Nanotechnology, 
Biology, and Medicine 5(2009)136-142. 

����



2008B1980         BL28B2 

Relationship between cell-killing effect and p53-gene-mediated bystander 
effect in different human cell lines induced by X-ray microbeams. 
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a Research Center for Charged Particle Therapy, National Institute of Radiological Sciences.  
b Japan Synchrotron Radiation Research Institute, c Research Reactor Institute, Kyoto University. 

Recent studies using X-ray microplanar beams generated with synchrotron radiation showed that 
radiobiological effects between normal and tumor tissue were quite different. This phenomenon has been 
attractive for a new technique of tumor radiotherapy, but it is still unknown not only biological effect itself but 
also its mechanism. This year we focused on the difference in the cell-killing effect between p53-wild and 
p53-mutated type human cell lines. Cells were irradiated with 25 m-thin (200 m beam space) X-ray 
microplanar beams generated at BL28B2. The results showed that the recovery from the cell-killing effect was 
occurred in p53-wild type cells after 12h of post-irradiation incubation, but no recovery observed in 
p53-mutated type cells. Furthermore, the recovery was suppressed to the same level with the surviving fraction 
of the p53-mutated type cells, when using a specific inhibitor of gap-junction mediated cell-cell 
communications together. The results suggest that p53-mediated cellular responses play an important role of 
repair process between irradiated and non-irradiated cells with X-ray microplanar beams. 
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Fig.1 Beam profile of the X-ray microplanar 
beams generated with synchrotron radiation 
using the collimator. Data are taken from [3].  
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Fig.2 Cell survival assayed either immediately 
after irradiation or 12h after irradiation with the 
X-ray microplanar beams. Upper graph shows 
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the survivals of normal human cells (normal type 
p53 gene) and lower graph shows the survivals 
of human tumor cell lines (mutated type p53
gene). “+L” means the cells were treated with a 
specific inhibitor of gap-junction mediated 
cell-cell communication together. 
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X CT

Evaluation of the changing protein concentration gradient and ion 
transporter abnormality in diabetic cataract model mice lens by 

phase-contrast X-ray CT 
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b Japan Synchrotron Radiation Research Institute/SPring-8 

The lens consists of high concentration of proteins to reflect light and the concentration gradient of lens protein 
enables to correct for spherical aberration.  Disorder of physiological lens protein distribution can cause 
several ophthalmologic diseases, and therefore the development of the methods that can visualize and quantify 
whole lens protein concentration gradient may contribute to reveal pathophysiologic abnormalities. Here we 
tried to apply phase-contrast X-ray computed tomography (CT) to evaluate spatial distribution of protein in 
rodent lens and firstly succeeded in observation of protein concentration gradient in whole lens.  This method 
may potentially be useful to understand pathophysiology of ophthalmologic diseases. 
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Fig. 3
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Fig. 1: Cellular structure of the lens. Epidermal cells 
migrate and start elongation at equatorial line of the 
lens (red arrows) 

Fig. 3: Representative image of whole eye excised 
from rat obtained by phase-contrast CT. Protein 
concentration gradient in lens was clearly observed. 
Tissues such as retina, sclera, and cornea were also
observed.

Fig. 2: Developmentally defined regions in adult lens 
(left). Protein concentration gradient of lens protein 
enables to correct for spherical aberration (right).
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Evaluation of the changing protein concentration gradient and ion 
transporter abnormality in diabetic cataract model mice lens by 

phase-contrast X-ray CT 
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b Japan Synchrotron Radiation Research Institute/SPring-8 

CT

SPring-8 CT % 10 m
CT

Absorption-contrast X-ray computed tomography (CT) has been widely used in clinical practice and become 
one of the essential medical equipments.  Although it provides important information of macroscopic 
pathophysiological anatomy such as existence of tumor or hemorrhage, it has been difficult to obtain 
information about soft tissues due to their small differences in X-ray absorption.  On the other hand, 
phase-contrast X-ray CT at SPring-8 enables to visualize 1% density difference at 10 m resolution.  Here, we 
investigated the differences of obtained images at different X-ray energies to evaluate spatial distribution of 
protein in rodent lens that enables to correct for spherical aberration. 
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Fig. 3: Image of whole eyes excised from at 17.7 
keV (left) and 25 keV (right). 

Fig 1 Upper: Phase shift in X-ray by 
transmission. Lower: Two-dimensional 
Wave-front changes  

Fig 2: Bonse-Hart type of diffractometer 

����



Proposal number: 2008B1973

Title of experiment: Phase-contrast X-ray imaging of pulmonary fibrosis

Name and affiliation of the project leader: Beth Allison, 

Department of Physiology 

Monash University 

Victoria Australia. 

Beamline used: BL20B2

Research purpose and background 

We have shown that phase contrast X-ray imaging greatly enhances the visibility of the air-filled lung over 

attenuation contrast alone. During previous visits to SPring-8, we used propagation-based (PBI) and 

analyser-based (ABI) phase contrast X-ray imaging to observe and measure the rate and spatial pattern of 

lung aeration, in real-time, from birth. This imaging technique is able to resolve the very smallest of terminal 

respiratory units (alveoli; <100 micrometers) as they fill with air. 

The high sensitivity of phase contrast to density variations led us to hypothesise that it may be sensitive to 

pathological changes occurring with lung disease. We aim to determine the potential for phase contrast X-

ray imaging as a diagnostic tool for detecting early lung disease. To do this we propose to image a mouse 

model of pulmonary fibrosis which is characterized by the excessive deposition of fibrous connective tissue 

in the lung. 

Pulmonary fibrosis is a major consequence of ventilator-induced lung injury in very preterm infants which is 

the most significant problem facing neonatal medicine. Pulmonary fibrosis is also a major cause of 

pulmonary related morbidity and mortality in adults, but the ability to detect this disease in its early stages, 

when treatments may be possible, is very limited.

We aim to find the optimal phase contrast imaging modality for detecting pulmonary fibrosis using a variety 

of techniques. The primary imaging technique will be propagation-based phase contrast imaging (PBI), for 

which we have extensive experience. However, we have also developed an analytical technique for 

measuring expansion/deflation velocities within different regions of the lung, throughout each breath, using 

particle image velocimetry (PIV). By tracking the motion of the speckled intensity patterns of the lung 

created using PBI, velocity fields within specific regions of the lung can be generated throughout a breath. 
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As lung pathologies such as pulmonary fibrosis inherently affect lung tissue compliance, we intend to 

determine whether PIV can detect lung tissue movement abnormalities caused by pulmonary fibrosis. Thus, 

we will compare the potential of phase contrast imaging and PIV for detecting lung disease using the well 

described model of pulmonary fibrosis in adult mice.

Since we have previously developed phase retrieval algorithms that can accurately calculate lung gas 

volumes within specific regions of the lung, the combination of this analysis with PIV analysis will enable 

us to obtain, for the first time, relative measures of regional lung compliance. However, the segmentation of 

the images into specific lung regions that can be tracked as the lung inflates and deflates during a breath is 

greatly limited by overlapping structures, particularly bony structures such as the ribcage. Many methods 

have been proposed to segment chest images to separate the bones from the soft tissues. Arguably the most 

successful technique has required two images to be recorded at different X-ray energies and the bones are 

then isolated based on their relative intensity differences between the recordings [1, 2]. As an extension to 

our planned studies, we aim to test a method for segmenting soft tissue and bone from images of the thorax. 

We will acquire two different phase contrast images of the same object and use phase retrieval methods to 

isolate the hard and soft tissues. This idea was first proposed by Gureyev et al [3] but failed because the 

images could not be acquired simultaneously, which caused strong artifacts in the reconstructed images. We 

will acquire two images by performing analyser-based imaging in the Laue geometry, whereby two spatially 

separated phase contrast images can be recorded simultaneously on a large area detector.

Switching between modalities will only take a few minutes once they are set up. Adult nude mice will be 

used primarily to reduce the phase contrast associated with fur. 

Experimental/analytical method

Mice will be divided into four groups (n=6 for each) and pulmonary fibrosis will be induced in 3 groups by 

the intratracheal administration of bleomycin (50 L of 0.1U); the 4th group will act as a control and will 

receive a saline bolus. The bleomycin treatment takes ~3 days to induce significant lung pathologies. Mice 

will be imaged at 48h (Group 1), 72h (Group 2; when pathology is first detectable physiologically) and 96h 

(Group 3) after treatment. All mice will be anaesthetised and ventilated at a pre-imaging rate of 120 bpm 

using a tidal volume of 7.5ml/kg. During imaging, the inspiratory time will be increased to 2 secs and the 

expiratory time to 1 sec for 10 consecutive breaths. During this time, images will be rapidly acquired (using 

20 ms exposures, with a frame rate of 20 fps for PIV studies), triggered by the ventilator to synchronize 

image acquisition with the stage of breath. Immediately following imaging, the mice will be humanely killed 

(using an anaesthetic overdose). We will then image one mouse from each group using high resolution 

Computed Tomography to compare the sensitivity of our technique with the current, "state-of-the art" 
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technique for detecting lung pathologies in situ. Finally, the lungs of each mouse will be removed and fixed 

with formalin for histological analysis. The lungs will then be stained with a Masons trichrome stain to 

determine histologically whether disease is present yet. The results of the imagining and histology will then 

be compared.

Research results

To date we have completed imaging and collected the lungs of control as well as mice exposed to 12hr, 

24hr, 36hr 2, 5 and 6 days of bleomycin (which induces changes in lung structure). We are currently 

beginning analysis on all specimens to determine the degree of injury present. 

Current and future issues/challenges

Currently this project is facing no challanges. 

References 
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Status of publication and patent 

The data from these experiments are currently being analysed and a manuscript is being written for 

publication based on these results
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Medical Bio EX Proposal Report 
Proposal number: 
2008B1985

Title of experiment: 
Dynamic synchrotron x-ray detection of individual pollutant particle behaviour after deposition onto 
live airways 

Name and affiliation of the project leader: 
Dr David Parsons, Women's and Children's Hospital, North Adelaide, South Australia 

Beamline used: 
BL20XU Downstream 

Research purpose and background 
Increasingly, the role of particulate pollution on airway and lung health is being investigated to 
understand how inhaled particles are dealt with by the respiratory system. Particulate matter (PM) 
consists of very small liquid and solid particles floating in the air, along with various gaseous pollutants. 
Types of PM include building dusts (e.g. asbestos, fibreglass) wind-blown dusts, and coal or mineral 
dusts from mines and quarries.  Industrial and motor vehicle pollution is important in urban areas, as is 
smoke from wood-burning stoves and from cooking fires. 

The ability of the airways to move and clear inhaled particles via mucociliary transport (MCT) is a 
clear diagnostic indicator of airway health. The ability to measure this clearance activity in chronic 
diseases such as cystic fibrosis and asthma, or to assess environmental hazards from pollutant particles 
that can be inhaled, is of clear benefit. However, respiratory medicine and science currently lacks a 
non-invasive method for detecting such particles or for tracking their transport, retention or clearance 
along airways. 

We have demonstrated the ability to locate, track and quantify the motion of introduced hollow glass 
beads to measure MCT, but in our 2008B experiments we extended this research using more common 
inhaled particles, relevant to the detection and ultimately the prevention of respiratory disease in both 
children and adults. We tested the reliability, accuracy and applicability of phase contrast X-ray 
imaging (PCXI) for the non-invasive quantification of MCT of several different particles. Our aims 
were to determine the detectability of particles representing different physical characteristics in-vitro,
and to establish the spatial and temporal resolution of PCXI for tracking these particles during MCT 
along live mouse airways. 

Experimental/analytical method 
The experiment was performed in the downstream BL20XU hutch. The imaging and experimental 
setups are described in two publications [1, 2]. The experiment consisted of an in-vitro study to 
determine which of a range of biologically-relevant particulates were detectable using PCXI. The in-
vivo behaviour of the detectable particles was examined after deposition onto live mouse airways. 

A range of potentially respirable pollutant particles were examined dry or suspended in a carrier fluid 
(distilled water) to determine their visibility using PCXI. Chrysotile (white asbestos) and fibreglass 
from a commercial pipe insulation were separately ground under water to produce fibres suited for 
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examination. Galena — lead sulphide — and dolomite quarry dust were also tested. Other relevant 
compounds included hollow silver coated glass beads, graphite, titanium dioxide, tintacarb, tin, 
aluminium, standard roadside PM10 and PM5 particulate matter, nanogold, printer toner and 
combusted diesel particles. Small samples were placed onto the exposed adhesive surface of short 
lengths of adhesive Kapton tape and the particles were sealed in place using a second piece of tape. The 
samples were mounted on a controllable X-Y stage in the hutch for imaging. 

For the in-vivo experiments 10 hairless mice (Crlj:CD1-Foxn1nu) ~18-26 grams were imaged. Mice 
were anaesthetised with Nembutal and were humanely killed via Nembutal overdose at the end of each 
study without awakening. The anaesthetised mice were secured on a polyethylene imaging board 
containing an open slot to allow the passage of the X-ray beam directed anterior to posterior along the 
mouse centre line. A distinctive bone suture line in the nasopharyngeal airway posterior to the olfactory 
region provided an easily locatable imaging landmark. Nasal airways were utilised since they are 
commonly used as a model site for pre-clinical testing of airway function after gene transfer procedures 
by our group [3] and others [4]. This region is also well suited to these first live PCXI particulate 
imaging procedures because the airway is stable within the head and shows little movement during 
breathing; in contrast, lung airways are in almost continuous motion during breathing. 

Images were captured at 0.2Hz. After one minute of baseline collection, samples of particulates 
suspended in distilled water were delivered via a nasal cannula either manually or using a syringe pump, 
at volumes between 15 l and 50 l, in one bolus over 10 to 60 seconds (see Results). Image collection 
was continued at 0.2Hz for a further 19 minutes, creating a dataset consisting of 240 images. 

Research results 
At a propagation distance of 135 cm, many particles were visible, however the largely carbon based 
particulates – combusted diesel, PM10 and laser printer toner – were not. We chose particulates that 
were visible, and most relevant, for testing in-vivo: asbestos, fiberglass, quarry dust, lead and our 
reference hollow glass beads (see Fig 1). 

Based on the in-vitro studies, an initial testing protocol for use in live mice was created to achieve 
maximal use of each mouse and the limited beam time available. After a brief baseline imaging period 
(no treatment) each animal received one of the fibrous particle instillations (asbestos or fibreglass), 
along with the reference hollow glass beads. Approximately 25 minutes later one of the non-fibrous 
particulates (galena or quarry dust) was delivered manually over 10 seconds. This protocol ensured that 
all particulates could be tested using a small number of mice, while the simultaneous delivery of the 
control particles (glass beads) was used to confirm that successful instillation had occurred. Based on 
the overall particulate density seen in the in-vitro PCXI images, concentrations of 0.5% w/v for 
fibreglass and asbestos (mixed with 0.5% w/v reference glass beads), and 0.1% for galena and quarry 
dust were chosen. We found that a 15 l dose volume provided sufficient visible fluid and particulates 
to be monitored in the nasal airway, but induced only a brief increase (< 1 min) in respiratory effort. 
Importantly, subsequent dosing in the same animal was also well tolerated with this dose-volume. 

All five particulates could be detected in-vivo, although with different degrees of visibility and with 
varying levels of difficulty. On the airway surface the fibrous particulates were surrounded with fluid; 
since this was of similar refractive index to these particles it resulted in a reduction in phase contrast 
and a loss of particle visibility within the fluid envelope. The rate at which the different particulate 
types moved along the airway varied widely, between 0.1 mm/min and 4.4 mm/min. 

Fig 2 shows that the appearance of asbestos fibres as revealed using motion-detection software. 
Individual asbestos fibres were not detected, but appeared as agglomerations of enmeshed fibres 
trapped in liquid. The enveloped structure could be seen moving along the airway. We noted that there 
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were few of these agglomerations present, but where detected they were large compared to the sizes of 
the individual fibres, in some cases up to 1 mm in length. The quarry dust was also readily detectable 
in-vivo (Fig 3) where it appeared as compact and irregularly-shaped particles. The smallest detectable 
dust particles were approximately 10 m. Although fibreglass was substantially less visible than either 
asbestos or quarry dust in-vitro, it was readily detectable in-vivo (see Fig 4). Fibreglass fibres displayed 
the smooth, enveloped, but irregularly shaped form similar to that seen with asbestos. Despite its high 
density galena was difficult to detect in-vivo (not shown). The hollow glass beads (not shown) appeared 
as individual particles and their appearance did not indicate a liquid envelope was present. 

In summary, this project established the smallest sizes of the different types of particles that we can 
detect; examined how different types of particles moved along the airways; and established the 
potential of this new non-invasive imaging method to assist in research into the initiation of childhood 
and other respiratory diseases that are related to particulate inhalations. 

Current and future issues/challenges 
The aerodynamic diameter of inhaled particulates must be less than 10 m to be inhaled into the lung 
of humans. An improvement in the minimum size detectable under PCXI will be important for ensuring 
biological relevance in future instillation or inhalation studies. The lead-containing particles were 
ground galena which is a form of lead different to that inhaled as lead fumes (e.g. lead sulphates or 
oxides) from a lead smelter, or in leaded petrol, and the pipe lagging fibreglass may not be 
representative of that producing exposure at health-affecting levels in industrial or residential settings. 
Although convenient experimentally, delivering particles into mouse airways within a distilled water 
bolus is not usual in life; inhalation as an aerosol or a dry powder is more physiologically relevant, and 
planned studies will examine this particle delivery approach. While the skull-bone suture line is easy to 
locate in the mouse nasal airway and produces a repeatable and stable imaging location under PCXI, 
we are now (2009A) examining effects in lung airways since this is the relevant target organ.  

In these first studies little effort was made to limit radiation dose, which was too intense to consider 
animal recovery and repeated imaging. The current rapid development of synchrotron and imaging 
technology suggest there will continue to be improvements in CCD sensor technology, and analytical 
techniques such as motion-detection and particle tracking. Combined, they should lead to improved 
image resolution and higher light sensitivity, allowing smaller — and therefore more physiologically 
relevant — particulates to be detected and tracked. 
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Status of publication and patent 
From this experiment we have published article number 2 in the references above. 

Keywords and annotations 
particles; non-invasive; airway surface; synchrotron radiation; X-ray phase-contrast; asbestos; mouse; 
detection; X-ray imaging; radiography 

Figs 

Figure 1 In-vitro dry particulate testing revealed the particulates that were visible using PCXI. Samples were examined 

under PCXI (main pictures) and light microscope (insets): (a) asbestos, (b) quarry dust, (c) fibreglass, (d) galena, and (e) 

silver coated hollow glass beads. The morphology of each of the particulates is clearly very different. For layout and 

presentation purposes, and so they are at the same level of magnification, the PCXI images are cropped to 0.90 mm x 0.60 

mm, and the light microscope images are 0.365mm x 0.27mm. 
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Figure 2 Asbestos particulate detection. The two panes on the left show the original PCXI image and its corresponding 

motion-detected frame that revealed the moving object on the airway. The panes on the right are the next two motion-

detected frames in the sequence. The black arrows mark the nasal airway edge running vertically through the image, and the 

white lines follow the same object across the three sequential frames each separated by 5 seconds. The last frame shows an 

enveloped clump of fibres with an elongated tail. These enveloped structures moved along the airway faster than all other 

particles studied, here at a rate of 4.4 mm/min. 

Figure 3 Four particles of quarry dust are visible at the centre of the motion-detected frames. Particles did not aggregate 

or have the appearance of trapping liquid around them on the airway surface. In this sequence the quarry dust particles are 

moving at a rate of 0.41 mm/min. 

Figure 4 Fibreglass appears similar to asbestos, but the objects were smaller and had shorter tails. Like asbestos, the 

fibres appeared to smoothly trap liquid around them so that individual fibreglass fibres could not be seen. Fibreglass moved 

at the same speed as the quarry dust, at 0.41 mm/min. 
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A wide-angle X-ray diffraction and a small-angle X-ray scattering time 
course study of de and re-mineralization mechanisms of tooth enamel 
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An early caries lesion in tooth enamel is caused by acids produced by bacteria in dental plaque and dentally 
observed as a white opaque spot.  In a cross section along the direction perpendicular to the enamel surface, a 
caries lesion appears as enamel decay with a relatively intact surface layer and a mineral loss in the subsurface 
region.  When not cared, the decay spreads to the dentin and forms a cavity.  Early caries lesion can be 
remineralized that takes place in the top 0.1mm layer of tooth enamel.  Phosphoryl oligosaccharides of 
Calcium (POs-Ca) which prepared from potato starch (The product corresponded to Ezaki Glico Co., Ltd) 
effectively enhanced the remineralization as recovery of mineral contents in lesions.  The distribution and 
orientation of longitudinal hydroxyapatite (HAp) crystallite were directly detected at remineralized zone in 
enamel subsurface lesion by using X-ray microbeam diffraction method.  Although the HAp crystallites had 
the same orientation as the original sound enamel, it is not clear how to regrowth of hydroxyapatite crystallites 
during the remineralization.  Thus in this study, we tried to investigate the mechanism of regrowth of 
hydroxyapatite at a time of remineralization in vitro.  Hence we found that regrowth of hydroxyapatite 
crystallites under the subsurface lesion has been occurred at least during 12 hours at the period of 
remineralization. 
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Kuriki Evaluation of Enamel Crystallites in 

Subsurface Lesion by Microbeam X-ray Diffraction.
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2008A1864         BL20B2 

Reconstruction of damaged-neuronal circuits using nano-materials and 
very strong magnetic fields

a b

Hiroshi Onoderaa, Atsushi Nakahirab

a b

a Nishitaga National Hospital, b Osaka Prefecture University 

CT
X-CT X-CT 50nm

For higher resolution and non-destructive analysis of the distribution of nanowires in the brain, we used 
3-dimentional radiant light X ray CT(X-CT). X-CT could detect nanowires (50nm in diameter) and visualize 
neuronal nuclei in the brain. Although conventional 3D reconstruction using pathological histochemistry is 
time-consuming and inaccurate, X-CT proved to be a very useful method to analyze brain microstructures with 
minimal anatomical distortion. 
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2008B1975         BL20B2 

Reconstruction of damaged-neuronal circuits using nano-materials and 
very strong magnetic fields 

a b c c c

Hiroshi Onoderaa, Atsushi Nakahirab, Naoto Yagic, Kentaro Uesugic,, Masato Hoshinoc

a b

c

a Nishitaga National Hospital, b Osaka Prefecture University, c JASRI 

CT X-CT

To analyze the brain structures and the localization of metal nanowires in the brain simultaneously, we used 
3-dimentional radiant light X ray CT(X-CT). Although we observed artefacts by air bubbles on the surface of 
the brains and tissue shrinkage in the 2008A study, we solved these problems by changing the assay buffer. 
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2008A1877         BL20XU 

X CT
Neuronal circuit reconstruction using X-ray micro tomography 

a b a

Haruo Mizutania, Akihisa Takeuchib, Toshihisa Takagia

a b

aScience Integration Program, University of Tokyo, bJapan Synchrotron Radiation Research Institute (JASRI) 

3
X CT

Deciphering the circuit diagrams of the actual neuronal networks is crucial to understand basic operating 
principals of higher functions and causes of diseases of the brain. It is effective to apply tomography method 
due to the three-dimensional morphological feature of the networks. Here, we have archived 3D reconstructions 
by x-ray micro-CT with algebraic reconstruction technique. The reconstructed images have low artifact noises 
although calculation cost is high. In addition, we discuss the restoration of the spatial resolution on the x-ray 
images on the basis of statistic technique. 
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Fig. 1. Three-dimensional rendering view of the cortical 

neurons reconstructed by ART.
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Fig. 2. Iterative deconvolution of an x-ray projection 

image by using Gaussian-like PSF. a) original image b) 

restored image after 30 iterations. Scale bar is 50 m
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1) Lichtman J.W. and Sanes J.R., Curr. Opin. 

Neurobiol. 18: 346 (2008) 

2) Helmstaedter M., Briggman K.L. and Denk W., 

Curr. Opin. Neurobiol. 18: 633 (2008) 
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2008A1871         BL37XU 

Histopathological dissection of an inherited disorder of copper 
deficiency by microbeam X-ray fluorescence analysis 

a a b

Akihiro Matsuuraa, Miyuki Kinebuchia, Yasuko Teradab

a b

a Fujita Health University School of Medicine Department of Pathology, b JASRI/Spring-8 

Menkes disease (MNK) is a rare inherited disorder of copper metabolism resulted in generalized copper 
deficiency. By using the microbeam X-ray fluorescence mapping, we compared the content and distribution of 
copper in the liver of MNK with those of control subjects with normal copper metabolism. Of particular 
interest, copper content in MNK liver was not low but almost at normal or relatively high level, suggesting that 
treatment with Cu-containing drug was quite effective with respect to liver copper level probably reflecting 
function of high affinity copper up-taker. Furthermore, prominent color pigments in hepatocytes and kupffer 
cells were found to be iron. It was diagnosed as secondary hemosiderosis due to frequent transfusion. This way 
of application is useful to evaluate real effect of the Cu-containing drug in MNK.   
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2008B1986         BL37XU 

Histopathological analysis of renal injury by trace elements 

a a b

Akihiro Matsuura a, Miyuki Kinebuchi a, Yasuko Terada b

a b

a Fujita Health University School of Medicine Department of Pathology, b JASRI/Spring-8 

fatty change

We examined the content and distribution of copper in the liver and kidney of a patients with copper deficiency 
treated with Cu-containing drug. These results were compared with those of a control subject with normal 
copper metabolism. Of particular interest, copper content in the patient’s liver was not low but almost normal or 
relatively high, suggesting that the administration of the drug was quite effective to normalize or increase liver 
copper level probably reflecting normal function of high affinity copper up-takers. In the patient’s kidney, 
however, prominent copper deposits were observed in several sites, especially where cellular swelling and 
degeneration were seen. These results indicate copper-induced cellular damage may be a cause of renal 
dysfunction in the patient. 

Tissue element imaging, TEI
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of dendrite development in young neurons. Mol 

Biol Cell 19:2444-2456, 2008 
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2008B1994         BL-37XU 

Study on the function of thyroid gland by surveying iodine and various 
trace elements in the primitive thyroid gland 

aKaoru Kubokawa, aMayumi Inaba, bTakuji Ohigashi, aHisayuki Iwata, aYukiko Tando 

aOcean Research Institute, University of Tokyo, bRitsumeikan University

The uptake and distribution of iodine in the lancelet endostyle which is considered as the ancient type organ of 
thyroid gland in vertebrates were demonstrated by using X-ray microscopic scanning. In results, the iodine 
uptake was found in the zone 5 and zone 6. Iron and brome were accumulated in zone 4 of endostyle and 
skeletal endostyle, respectively. In zone 1 to zone 3, tracer elements were not detected under 35Kev. It is 
suggested that the endostyle of lancelets might contain the several functions depended in an endostyle zone. In 
addition, thyroid gland might be derived from endostyle and become the independent organ using iodine. 
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2008A1865 / Medical Bio Ex Proposal 
Revealing the molecular basis of the specific cardiomyopathy associated with the 
type 2 diabetes 

Project Leader James Pearson, Department of Physiology, Monash University 
Team: Naoto Yagi, Mikiyasu Shirai, Daryl Schwenke, Mathew Jenkins. 
Performed at BL40XU

Research purpose and background
With an estimated 60% of Australians over the age of 25 now being overweight or obese, the 
current incidence of type 2 diabetes has increased. Similar statistics are reported in many other 
countries. In the industrialized world the mortality due to stroke, myocardial infarction and heart 
failure as a result of diabetes is escalating with this incidence of obesity. The pathology of 
diabetes however is complex. Nevertheless, it has been established that independent of 
hypertension and coronary artery disease associated with atherosclerosis (plaque formation in 
vessel lumens) the development of insulin resistance leads to a specific cardiomyopathy. Insulin 
stimulates the heart to utilise glucose as a metabolic fuel. The diabetic disease state is 
characterized by impaired heart muscle relaxation, and a progressive increase in left ventricle 
(LV) muscle stiffness, fibrosis and eventually congestive heart failure. Prior to the development 
of overt diabetes many researchers report that systemic lipid overload occurs with obesity. One 
current hypothesis for the cause of diabetic myopathy that needs further investigation is the 
hypothesis that inappropriate cardiac fuel utilization (lipid and glucose) causes toxic 
accumulation of lipids in cardiac myocytes in the insulin-resistant state [1, 2]. 
 We therefore, proposed to determine if the rate of cross-bridge detachment during LV 
relaxation is directly affected by the extent of cardiac lipid accumulation in the early stages of 
diabetes induced by streptozotocin treatment (STZ, 65 mg/kg bolus intraperitoneal injection). As 
in previous experiments we examined cross-bridge dynamics in vivo in the left ventricle of 
Sprague-Dawley rats (age 10 weeks) in both the front and rear walls of the same hearts. 

Experimental /  analytical method
All rats were treated with STZ (in Citrate Buffer pH 4.6, 100 mM) or vehicle 3 weeks prior to 
experiments. Open-chest anaesthetized rats were prepared and small angle X-ray diffraction 
recordings made simultaneous with LV pressure-volume loops as described in earlier reports 
(2002A~2006A). All experiments were performed at the 40XU beamline with an X-ray energy of 
15 keV (attenuated by an aluminium bar), using a Hamamatsu image intensifier and a time 
resolution of 15 ms for the fast CCD camera. 

Mass transfer of myosin was calculated from the decrease in integrated intensity ratio 
(I1,0/I1,1) between end-diastole and end-systole. Myofilament spacing was determined as the 
distance between first order 1,0 reflections (d1,0, nm). In this experimental protocol we 
investigated muscle contraction mechanisms in the beating heart during under baseline conditions, 
then during an infusion of dobutamine (beta-adrenoceptor agonist) and finally during volume 
loading. 

Research results
In the 6 shifts available we recorded diffraction patterns from 7 rats. STZ treated rats had elevated 
glucose levels (12-21 mmol/L, n = 4) and depressed heart rates (200-300 bpm) in comparison to 
vehicle treated rats (<10 mmol/L, n = 3). Cross-bridge cycling in the STZ rat hearts was 
significantly altered in the diabetic state. Interestingly, we found in 3 of the 4 STZ hearts that 
there was a transmural gradient of dysfunction in the cycling of intensity ratio (Figure 1). In the 
normal beating heart we have previously shown that the diastolic intensity ratio is between 2.0 
and 3.0 (left panels) [3], and during systolic contractions the intensity ratio decrease is ~1.0-1.5 
(shift in proximity of myosin towards actin). However, in the 3 STZ hearts only the surface 
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muscle layer (epicardium) demonstrated normal cross-bridge formation (upper right panel). At 
progressively deeper layers within the heart wall (subepicardium and endocardial layers) diastolic 
intensity ratio was elevated, and in fact, higher than that reported for resting muscle or arrested 
hearts (3.0 – 3.5). In general, the 1,1 reflection was still detectable, but intensity was greatly 
reduced. In 2 of the STZ hearts a weak increase in contractility and heart rate was recorded. In 
these hearts diastolic intensity ratio was reduced, but remained higher than the vehicle treated rats. 
This suggests that myosin heads are prevented from occupying close proximity or a weak- 
binding state during relaxation and filling phases of the cardiac cycle. Nonetheless, STZ hearts 
did not show any obvious reduction in d1,0 spacing changes during contractions in comparison to 
the controls, except in the deeper endocardial layers.  

Figure1 shows the cyclic changes in intensity ratio of two rat hearts during spontaneous beating in
situ for a vehicle (control) and STZ treated animal respectively. The panels presented for both rats 
show the transfer of myosin heads to actin filaments recorded in a localised region of the heart wall in 
the epicardium (outer surface, top panels) and increasingly deeper intermediate layers towards the 
innermost endocardium (not shown). The highest intensity ratios are typically recorded during muscle 
relaxation (diastolic phase of cardiac cycle) and lowest during force development (systole).

Current and future issues / challenges
Our findings are consistent with other studies in that, muscle function in the diabetic rat hearts 

����



was more severely affected in the endocardial layer. Further studies are required to support our 
findings. In the near future we plan to investigate if the abnormal cross-bridge cycling found in 
this study correlates with ultrastructural changes in the myocardium. At the same time it will be 
important to determine if the elevated intensity ratios observed in the cardiac muscle of diabetic 
rats persists in the arrested heart, which would provide evidence to suggest that the physical and 
or chemical environment of the myofibrillar lattice is permanently altered in the diabetic state. 

References
[1] Bertrand L, Horman S, Beauloye C, Vanoverschelde J-L. Insulin signalling in the heart. 
Cardiovascular Research 79:238-248, 2008. 
[2] Chess DJ, Stanley WC. Role of diet and fuel overabundance in the development and 
progression of heart failure. Cardiovascular Research 79:269-278, 2008. 
[3] Pearson JT, Shirai M, Tsuchimochi H, Schwenke DO, Ishida T, Kangawa K, Suga H, Yagi N: 
Effects of sustained length dependent activation on in situ cross-bridge dynamics in rat hearts. 
Biophysics Journal  93:4319-29, 2007. 

Status of publication and patent
Additional experiments were required in 2009A to complete this study and to confirm the repeatability 
of these findings. This we were able to do. A manuscript in now in preparation for submission shortly. 

Keywords and annotations
non crystalline small angle X-ray scattering – using X-ray diffraction principles to investigate the 

electron density of molecules that do not have a crystal lattice structure, but do have periodic 
organization of molecules, example muscle myofilaments. 

interfilament spacing – in the case of muscle, the spacing between 1,0 reflections in the diffraction 
patterns is equivalent to the average separation between the myosin filaments in the actin-
myosin lattice. Since myocytes maintain a constant cell volume the lattice separation of 
myosin filaments changes in inverse proportion to myocyte cell length and is an important 
determinant of cross-bridge kinetics. 

epicardium and endocardium – the mammalian heart is comprised of two muscle layers of different 
embryological origin, the outer epicardium and innermost endocardium. An intermediate 
layer separates these two layers. The three muscle layers differ in their metabolism, stress and 
strain relations and therefore their vulnerability to disease.
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2008A1868         BL20B2 

CT
Microtomography of angiogenesis in tumor 

, ,

Yoshiko Takagi. Kazuhide Nakamura. Akira Hori 

Pharmacology Research Laboratories at Takeda Pharmaceutical Company Limited.

30 X CT
CT

Athymic nude mice were implanted subcutaneously with human cancer cells in the right flank and treated with 
anticancer agent. Then, the mice were allowed injection of iodine-containing contrast agent from the tail vein. 
After 30 minutes, the mice were sacrificed and the tumor tissues were isolated. The formalin fixed tumor 
vasculature was visualized with micro-CT. 2D images were recorded for different angular positions of the 
whole tumor, and the 3D image was obtained by tomographic reconstruction. This experimental condition was 
as same as the previous one, but we could not demonstrate clear images of small and abnormal vessels intra 
tumors.  
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2008A1872         BL20XU 

Evaluation of Atherosclerosis Plaque Components Using 
Phase-contrast X-ray Computed Tomography: detection of component 

changes induced by medical treatments 

Masakazu Shinohara a, Tomofumi Takeda a, Yoshihiko Takeda b, Atsushi Momose b

a Division of Cardiovascular Medicine, Department of Internal Medicine  

Kobe University Graduate School of Medicine 
b Department of Advanced Materials Science, School of Frontier Science, The University of Tokyo 

Backgrounds and Objectives: Anti-platelet therapies are commonly used for secondly prevention of 
cardiovascular events, the effect of the drugs on atherosclerotic plaque stability and components remains 
uncertain.  Recently, we developed a new imaging system, a phase-contrast X-ray CT, which could detect 
atherosclerotic plaque components by means of the differences of tissue mass densities.  In this study, we 
investigated the effect of the anti-platelet therapies on plaque stability using the novel CT technique and 
addressed the beneficial effect of the drugs. 
Methods and Results: Apolipoprotein E-deficient mice were fed on high-cholesterol diet alone and either with 
0.1% cilostazol or clopidogrel for 10 weeks.  Atherosclerosis was assessed by the phase-contrast X-ray CT 
system and histological analyses. Cilostazol and clopidogrel decreased atherosclerotic volumes at 
brachiocephalic artery more than 30% compared with controls.  According to the mass densities calculated by 
the CT values, we revealed that these treatments increased collagen-rich plaque areas, and decreased unstable 
plaque component including lipid and macrophage.  These findings were partially confirmed by histological 
analyses.
Conclusion: Anti-platelet therapies had a beneficial effect on plaque stability.  Phase-contrast X-ray CT 
imaging could detect and qualify the plaque components affected by anti-platelets.  This novel CT imaging 
system could be a plausible method to detect the unstable plaque or assess the effect of drugs on plaque 
component non-invasively in the future. 
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2008A1875 / Medical Bio Ex Proposal 
Combined adrenomedullin and selective A2a adenosine agonist treatment in the recovery of 
coronary function in the infarcted heart 

Project Leader James Pearson, Department of Physiology, Monash University 
Team: Mikiyasu Shirai, Daryl Schwenke, Keiji Umetani. 
Performed at BL28B2 

Research purpose and background
Prolonged interruption of coronary blood flow to heart muscle causes permanent damage (myocardial 
infarction, MI), which reduces the ability of the heart to maintain normal heart pumping. Without 
treatment to restore blood flow the infarcted heart becomes further compromised by haemodynamic 
stress, spread of necrosis by cytokine production and oxidative stress. These factors contribute to acute 
mortality as a result of heart failure in the days after a heart attack. Preventing the spread of necrosis of 
the coronary blood vessels and re-establishing a new microcirculation in the infarcted and adjacent 
compromised regions of the heart are the two objectives of our research. 
 Our group is currently investigating whether chronic intermittent stimulation of adenosine A2a-
receptors in the vasculature and muscle of the heart can improve post MI recovery of function and 
thereby prevent heart failure. In our 2007B1331 proposal we compared the coronary blood flow 
regulatory abilities of rat hearts 24h after evoking MI in rats treated with and without a selective A2a-
receptor agonist CGS-21680 (50 g/kg twice daily) and vehicle treated or sham-operated animals. Using 
our coronary contrast angiography approach we established that the coronary perfusion of infarcted and 
adjacent regions of heart by the left anterior descending coronary artery (LAD) was normal or enhanced 
in CGS-21680 treated rat hearts (n = 5) but diminished in vehicle treated rats (n = 5). Furthermore, CGS-
21680 treated rats had normal coronary vasodilatory responses during a stress test (beta-adrenoceptor 
stimulation with dobutamine), and both acetylcholine and sodium nitroprusside infusions. We concluded 
that this selective adenosine A2a-receptor agonist treatment prevented acute endothelial dysfunction, 
most likely by providing increased coronary blood flow and by preventing cardiac inflammation and 
oxidative stress. Nevertheless, we do not know whether these acute benefits following 24h of treatment 
can be extended to longer periods as necrosis continues to spread and heart function becomes 
increasingly impaired by haemodynamic stress (impaired blood ejection and increased vascular 
resistance to ejection). As cytokine and oxidative stress mediated injury to coronary vessels (and muscle) 
peaks 24-72h following MI in most species it needs to be determined if (1) the efficacy of CGS-21680 
treatment can be extended to 72h post MI and if (2) small coronary vessel loss due to blockage and 
necrosis in infarcted and adjacent regions can be restored by stimulating angiogenesis with 
adrenomedullin. 

Adrenomedullin (AM) is an endogenous vasoactive peptide released by the endothelium and is 
another arm of the body’s natural response to ischaemia. Recent opinions suggest that adrenomedullin in 
the heart, like natriuretic peptides is cytoprotective against ischaemia-reperfusion injury [1]. Stem cell 
therapy is a leading edge approach that is being considered by many research groups as a promising 
remedy to replace permanently lost cardiac myocytes in the infarcted heart muscle regions. However, 
poor viability of the damaged tissue region for transplantation has been shown to hinder tissue 
reconstruction with mesenchymal stem cells [2]. Here it is noteworthy that some research groups at least 
have shown that improved recovery of function from myocardial infarction can be achieved by 
combining stem cell therapy with genetic amplification of the AM (and co-related pro-peptide) gene or 
chronic infusion of AM in animal models. Cytoprotection and increased angiogenesis evoked by 
expression of adrenomedullin might explain the significant improvement in function [1,3].  
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Experimental /  analytical method
We compared the vascular calibre (internal diameter) of the coronary arterial circulation in closed-chest 
rats 3 days after inducing a myocardial infarction under anaesthesia. Animals were treated with either 
vehicle, CGS (50 g/kg twice daily) or Adrenomedullin (0.05 microgram/kg/min, continuous 
subcutaneous infusion by osmotic minipump) from the time of reperfusion immediately following a 45-
min ischaemia period (coronary artery ligation). On the experiment day, male rats were anaesthetized 
with pentobarbital sodium (50 mg/kg i.p.) and artificially ventilated. A jugular vein was cannulated for a 
maintenance infusion. The right carotid artery was cannulated for high speed injection of contrast agent 
and the left femoral artery for recording of arterial pressure. Contrast medium was injected as a small 
bolus at 15 min intervals (~0.3 ml bolus, pure Iomeron 350, Bracco-Eisai). The same imaging and high-
speed shutter system as described in earlier studies (2003A0464-NL2-np, 2003B0090-NL3-np) was used 
here. Images (1024 x 1024 pixels) were stored in 10-bit format. In all images a 50 micron tungsten wire 
was included for calibration. The input field of the SATICON camera was 6.9 mm x 6.9 mm. Shutter 
open time was 1.5-2.5 ms. Monochromatic X-ray energy was adjusted to 33.3 keV, just above the iodine 
K-edge energy for maximal contrast. 
 After recording baseline vessel calibre of the closed chest models we then performed imaging 
during a dobutamine stress test (intravenous 4 g /kg/min), acetylcholine and sodium nitroprusside (3 g
/kg/min) to evaluate endothelium dependent and independent vasodilation respectively.  

Research results
We found that baseline vessel calibre of first, second and third order branches of the left anterior 
descending coronary artery were most variable in vehicle treated rats. Furthermore, blood flow was less 
pulsatile through vessels within infarcted regions and contrast transit times were prolonged in vehicle 
treated rats (4 out of 5). In one such example (Fig. 1a & b) of a vehicle treated rat heart, only one vessel 
segment was observed to dilate during acetylcholine infusion (Fig.1b) or dobutamine infusion (not 
shown), suggesting the presence of endothelial dysfunction. In contrast, in the example of a CGS treated 
rat heart blood flow was pulsatile (Fig. 1e & f), and significant increases in blood flow were found 
during the cardiac stress test and normal endothelial-mediated dilation was evident from the increase in 
microvessel number and diameter during acetylcholine (indicated by arrows). A similar pattern was 
recorded in all CGS treated rats (n = 4).  A similar pattern of coronary flow improvement was seen in 
AM treated rats (4).  
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Figure1 shows images of the circulation in the MI region of three rat hearts, a vehicle treated rat (a & d), 
AM treated rat (b & e) and a CGS-21680 treated rat (c &f). Repeated recordings were made on the same 
hearts under baseline condition and during infusion of the vasodilator acetylcholine 3 days after MI 
surgery. Arrows indicate vessels in the anterior wall of the heart showing obvious dilation (>30% of 
baseline) during subsequent stimulation in the AM and CGS treated animals. Asterisks indicate vessel 
segments that constricted (Vehicle rat). A 50 m diameter tungsten wire is visible in the centre of each 
image for vessel calibration purposes. 

Current and future issues / challenges
Twice daily administration of CGS-21680 or AM infusion prevented the irreversible damage to the 
endothelium following myocardial infarction and hence, treated animals showed near normal control of 
coronary blood flow. However, in the limited time available it was not possible to investigate MI rats 
treated with both AM and CGS-21680 and this remains the goal of a future investigation to establish if 
combined therapy provides additive benefits. 

References
[1] Burley, Hamid and Baxter. Heart Failure Reviews 12:279-91, 2007. 
[2] Jo, Nagaya et al. Tissue Engineering 13:313-22, 2007. 
[3] Fujii, Nagaya et al. Am J Physiol 288:H1444-50, 2005.  

Status of publication and patent
Additional experiments were required in 2008B to complete this study. The changes in vessel calibre are 
now being quantitatively analysed for manuscript submission in the very near future. 

Keywords and annotations
contrast angiography – method of enhancing visualization of the structure and function of the 

vasculature by increasing blood X-ray absorption by infusion of contrast agents. 
vasodilation – increase in blood supply to an organ as a result of vessel relaxation (calibre increase). 
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2008B1978 / Medical Bio Ex Proposal 
Combined adrenomedullin and selective A2a adenosine agonist treatment in the recovery of 
coronary function in the infarcted heart 

Project Leader James Pearson, Department of Physiology, Monash University
Team: Keiji Umetani , Mikiyasu Shirai, Mat Jenkins 
Performed at BL28B2 

Research purpose and background
Our group is currently investigating possible therapies for myocardial infarction using 
synchrotron angiography. In our recent experiments we have shown that chronic intermittent 
stimulation of adenosine A2a-receptors in the vasculature and muscle of the heart can improve 
recovery of function following ischemia-reperfusion injury and might thereby prevent the 
development of heart failure. This proposal was a continuation of our proposal 2008A1875 
(Bio Med EX). The aim of these proposals was to determine 1) whether combined treatment 
of an adenosine A2a-receptor agonist and adrenomedullin (AM), a cardioprotective peptide 
with potent angiogenic properties, can produce greater benefits in the prevention of 
reperfusion injury to the heart than either treatment when given individually, and 2) whether 
the benefits we observed for adenosine A2a-receptor are sustained following a single treatment 
at the time of reperfusion. 

Experimental /  analytical method
We compared the vascular calibre (internal diameter) of the coronary arterial circulation in 
closed-chest rats 3 days after inducing a myocardial infarction under anaesthesia. Animals 
were treated with either vehicle, CGS (50 g/kg once only), AM (0.05 microgram/kg/min, 
continuous subcutaneous infusion by minipump) or a combination of CGS (once) and AM 
from the time of reperfusion immediately following a 45-min ischaemia period (coronary 
artery ligation). On the experiment day, male rats were anaesthetized with pentobarbital 
sodium (50 mg/kg i.p.) and artificially ventilated. A jugular vein was cannulated for a 
maintenance infusion. The right carotid artery was cannulated for high speed injection of 
contrast agent and the left femoral artery for recording of arterial pressure. Contrast medium 
was injected as small boli at 15 min intervals (~0.3 ml bolus, pure Iomeron 350, Bracco-
Eisai). The same imaging and high-speed shutter system as described in earlier studies 
(2003A0464-NL2-np, 2003B0090-NL3-np) was used here. Images (1024 x 1024 pixels) were 
stored in 10-bit format. In all images a 50 micron tungsten wire was included for calibration. 
The input field of the SATICON camera was 6.9 mm x 6.9 mm. Shutter open time was 1.5-
2.5 ms. Monochromatic X-ray energy was adjusted to 33.3 keV, just above the iodine K-edge 
energy for maximal contrast. 
 After recording baseline vessel calibre of the closed chest models we then performed 
imaging during a dobutamine stress test (i.v. 4 g/kg/min), acetylcholine and sodium 
nitroprusside (2-3 g/kg/min) to evaluate endothelium dependent and independent 
vasodilatory ability respectively.

Research results
Combined treatment with CGS and AM significantly improved cardiac function after 
reperfusion injury, at least to the same extent as intermittent treatment with CGS both in terms 
of coronary function (Fig.1) and cardiac haemodynamic function (data not shown). However, 
the vasodilatory capacity and baseline calibers of coronary vessels in animals treated with a 
single dose of CGS were intermediate between vehicle and chronic CGS treated rats (Fig.1 b 
&e). Notably, in the latter group small arteries (~50 m) became constricted during 
acetylcholine administration, suggesting that a single dose of CGS was insufficient to prevent 
endothelial dysfunction completely over the 3 day recovery period.
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Figure1 shows images of the circulation in the MI region of three rat hearts, a chronic CGS 
treated rat (twice daily, a & d), single dose CGS treated rat (b & e) and a combined CGS+AM 
treated rat (c &f). Repeated recordings were made on the same hearts under baseline condition and 
during infusion of the vasodilator acetylcholine 3 days after MI surgery. Arrows indicate vessels in 
the anterior wall of the heart showing obvious dilation (>30% of baseline) during subsequent 
stimulation in the AM and CGS treated animals. Asterisks indicate vessel segments that 
constricted (single dose CGS rat). A 50 m diameter tungsten wire is visible in the left corner of 
each image for vessel calibration purposes. 

Current and future issues / challenges
This suggests to us that acute adenosine A2a agonist treatment at reperfusion prevents cardiac 
inflammation and initial oxidative stress, based on the findings from the group of rats treated 
with a single dose of CGS. However, sustained benefits were only obtained following chronic 
intermittent treatment (twice daily) with CGS, suggesting that adenosine A2a stimulation also 
reduces the impact of other mediators of reperfusion injury that contribute to long term 
dysfunction and heart failure. AM treatment and combined therapy also provided sustained 
benefits in all the animals examined. Detailed analysis of vasodilatory capacity are now 
required to determine if combined therapy provides greater improvement over chronic 
treatment with AM or CGS alone. 

In future experiments we need to determine if these treatments during the first days 
following myocardial infarction can prevent cardiac remodelling and deterioration of 
contractile function in the long term. We next plan to investigate whether long term benefits 
of these treatments include an increase in re-vascularisation of the damaged heart. Preclinical 
research has now established that cardioprotective roles for adenosine A1 and A3 receptor 
subtype agonists are evident in pre-conditioning settings [1]. However, it is not known 
whether stimulation of these receptor subtypes can provide the same benefits described here 
in the setting of post-ischemic treatment of myocardial infarction. Our synchrotron 
microangiography approach provides the only means of directly determining whether 
cardioprotective therapy candidates can restore and improve coronary vascular function in the 
intact organism. 

References
[1] Hausenloy D, Yellon D. New directions for protecting the heart against ischaemia-reperfusion 
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injury: targeting the Reperfusion Injury Salvage Kinase (RISK)-pathway. Cardiovascular Research 
61:448-460, 2004. 

Status of publication and patent
Experiments in this first study of combined therapy against ischemia-reperfusion injury were 
completed. The changes in vessel calibre are now being quantitatively analysed for manuscript 
submission in the very near future. 

Keywords and annotations
contrast angiography – method of enhancing visualization of the structure and function of the 

vasculature by increasing blood X-ray absorption by infusion of contrast agents. 
vasodilation – increase in blood supply to an organ as a result of vessel relaxation (calibre 

increase). 

����



2008A1876         BL40XU 

X
In vivo Evaluation of Cardiac Cross-Bridge Dynamics Using X-ray 

Diffraction

a b a a a a

a a a
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Tomoya Masano a, Masafumi Takeda a, Hideto Tawa a, Mitsuhiro Yokoyama a

a b

a Division of Cardiovascular Medicine, Kobe University Graduate School of Medicine,  
b SPring-8/JASRI

X
SPring-8 X  (1,0) (1,1)

We have recently established the method to follow changes in the x-ray diffraction pattern from a beating 
murine heart without thoracotomy in the third generation synchrotron radiation facility, SPring-8.  X-ray 
diffraction provides the intensity ratio (IR) of the (1,0) and (1,1) reflections from the hexagonal lattice of 
myofilaments, corresponding to the amount of cross-bridges, and the (1,0) lattice spacing (LS), indicating the 
distance between thick filaments. Here we demonstrate that paradoxical cross-bridge behavior regionally 
occurs in murine pressure-overload induced hypertrophied hearts. 
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An x-ray diffraction study of endomyocardial biopsy from the patients 

of cardiac disease 
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b SPring-8/JASRI

X  (1,0) (1,1)

X

X-ray diffraction provides the intensity ratio (IR) of the (1,0) and (1,1) reflections from the hexagonal lattice of 
myofilaments, corresponding to the amount of cross-bridges, and the (1,0) lattice spacing (LS), indicating the 
distance between thick filaments.  In this study, we evaluated an x-ray diffraction of endomyocardial biopsy 
from the patients of cardiac disease. 
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Elucidation of the Left Ventricular Relaxation by Analyzing the 
Actin-myosin Molecular Dynamics 

a b c d e e

Juichiro Shimizua, Yamato Tamurab, Takehiro Miyasakac, Daisuke Takeshitd, Tatsuhito Matsuoe,

Naoto Yagi e

a b

c d

e

a Dept.of Clin. Radiol., Hiroshima International University, b Dept. of Thoracic and Cardiovasuc. 

Surgery, Nara Medical University, c Dept. of Clin. Engineer., Himeji Dokkyo University, d Dept. of 

Physiol. II, Nara Medical University, e JASRI 

Heart rate (HR) is one of the determinant factors of cardiac performance. Failing human myocardium shows 
negative force frequency relation, whereas normal one shows positive relation. To test the effect of HR on 
actin-myosin interaction (AMI) in beating rat hearts those have negative force-frequency relation by X-ray 
diffraction (XRD) analysis at third-generation synchrotron facility. Seven isolated isovolumically contracting 
rat hearts were paced at 120, 240, and 300 bpm after complete heart block, mounted so that the X-ray beam 
(15.0keV) passed the left ventricular (LV) free wall, and perfused with Tyrode solution bubbled with 100% O2.
LV volume were adjusted through water filled thin latex balloon inserted into LV cavity so that end-diastolic 
LV pressure (LVP) was 0 mmHg. The amount of AMI was evaluated by the minimum value of the intensity 
ratio of inner (1,0) and outer (1,1) equatorial reflections (Imin) provided by anaysis of XRD. Between three 
different HRs, we compared the amount of AMI and LVP. We also measured frequency-dependent changes in 
Ca2+ transient in sliced myocardial preparations at 0.5, 1.0, and 2.0 Hz. In all hearts, we did not observe 
incomplete relaxations. As increasing HR at 120, 240, and 300 bpm, LVP significantly decreased (66 ± 18, 51 ± 
16, and 47 ± 18mmHg, respectively) and Imin also significantly increased (0.93 ± 0.16, 1.20 ± 0.11, and 1.56 ± 
0.18, respectively), indicating a significant decrease of the amount of AMI. The durations of Ca2+ transient at 
20% developed level at stimulating frequency of 0.5, 1.0, and 2.0Hz were significantly shortened (233 ± 25, 
206 ± 34, and 171 ± 28ms, respectively). Increasing HR reduces the AMI. Absence of incomplete relaxations 
indicates intact intracellular Ca2+ handling. These results may derive from shortening the period of 
Ca2+-myofilament interaction with increasing HR 
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Study on the dissociation process from multimer to dimer and the 
substrate recognition process of small heat shock protein 

a b b b b b

Toshihiko OKAa, Tetsuya ABEb, Taro KANZAKIb, Atushi NAKAGOMEb, Tetsuhiro YONEZAWAb,

Masafumi YOHDAb

a b

aShizuoka University, bTokyo University of Agriculture and Technology 

(sHSP) X
sHSP 2 1 10mg/ml X

X-ray solution scattering of small heat shock protein (sHSP) was measured. sHSP dissociates from multimer to 
dimer in the temperature rise process, thus the solution scattering at the concentration of 1 ~ 10 mg/ml were 
measured. However the dissociations were not observed at the concentration. Then, the solution scattering of 
mutant sHSPs were measured and one shows the dissociation. 

Small heat shock protein sHSP

2 2

sHSP

sHSP

B

[1]

[2]

sHSP

sHSP

sHSP X

Schizosaccharomyces 

pombe SpHsp16.0 [3]

Sulfolobus tokodaii strain 7

StHsp14.0 [4] sHSP X

BL40B2 1

R-axis7

1~10mg/ml
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Fig.1. Profiles of solution X-ray scattering of StHsp14.0 
wild-type (Solid line) and FKF mutant (room 
temperature: dotted line, 50 C: dashed line). Protein 
concentrations were 4.0mg/ml. 
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[4]Saji et al., Proteins (2008) 71:771-82 
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Role of thin filaments remodeling  
in abnormal contraction of smooth muscle 

a b c d c c c

M. Watanabe a, Y. Ishida b, M. Yumoto c, N. Yagi d, M. Yamaguchi c, M. Kimura c. S. Takemori c

a b c dJASRI/SPring-8
a Tokyo Medical University, b Bunkyo Gakuin University, c The Jikei Univrsity, d JASRI/SPring-8

X
11.4 nm

Ca2+ Ca2+

cytochalasin D Ca2+

Ca2+

To explore contribution of thin filament remodeling in pathological changes in smooth muscle function during 
vasospasm, we studied the effects of Ca2+ on the X-ray diffraction profile of “skinned” (cell membrane 
permeabilised) smooth muscles.  3 M Ca2+ activation induced a continuous tension development of the 
muscle.  Width of the 11.4 nm equatorial peak originated from lattice like arrangement of thin filaments 
tended to narrow during smooth muscle contraction.  Cytochalasin D, an actin severing agent did not change 
the width of the 11.4 nm equatorial peak, although the agent irreversibly suppressed the Ca2+-induced 
contraction.  These results suggested that Ca2+ activates actin-myosin interaction independent mechanisms 
which regulate arrangement of thin filament lattice, and might contribute continuous contraction of smooth 
muscles during vasospasms.  

2 3
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Fig. 1. Typical X-ray diffraction patterns of 
skinned smooth muscles in the presence and 
absence of 3 M Ca2+.  In the presence of Ca2+,
width of 11.4 nm equatorial reflection originated 
from thin filaments lattice tends to narrow (B), 
even after treatment of cytochalasin D, an actin 
severing agent (C). 
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Role of myofilaments remodeling  
in abnormal contraction of smooth muscle 

a b c d c c c

M. Watanabea, Y. Ishidab, M. Yumotoc, N. Yagid, M. Yamaguchic, M. Kimurac. S. Takemoric

a b c dJASRI/SPring-8
aTokyo Medical University, bBunkyo Gakuin University, cThe Jikei Univrsity, dJASRI/SPring-8

X
MgATP

14.4 nm
MgATP

MgATP

To explore contribution of myosin filament remodeling in hypoxia-induced pathological changes in smooth 
muscle function during vasospasm, we studied the effects of MgATP depletion on the X-ray diffraction profile 
of “skinned” (cell membrane permeabilised) smooth muscles.  MgATP depletion developed a “rigor” tension 
very slowly.  Intensity of 14.4 nm meridional reflection originated from myosin filaments structure tended to 
decrease irreversibly.  Since the 14.4 nm myosin reflection increased during “physiological” contraction 
induced by Ca2+, myosin filament organization during rigor might be quite different from that during 
Ca2+-induced contraction.  Irreversible changes in myosin filaments by depletion of MgATP might contribute 
fatal deterioration of smooth muscle function during vasospasm. 
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Fig. 1. Typical X-ray diffraction patterns of 
skinned smooth muscles in the presence and 
absence of MgATP.  In rigor (- MgATP) 
conditions, 14.4 nm myosin reflection tends to 
decrease (B), and continue even after 
re-application of MgATP (C). 
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RESEARCH REPORT 

1. Proposal number: 2008B1972 

2. Title of experiment: Tropomyosin mutations associated with muscle weakness and 

nemaline myopathy: Structure and Function of the thin filament studied by X-ray 

diffraction 

3. Project leader: Julien Ochala, Ph.D., Department of Clinical Neurophysiology, Uppsala 

University (Sweden) 

4. Beamline used: BL45XU (small-angle scattering station) 

5. Research background and purpose: Nemaline myopathy is an under-appreciated 

congenital neuromuscular disorder (Sanoudou & Beggs, 2001), classically defined by 

weakness with limb, facial, masticatory and respiratory muscles involvements. The 

overall frailty is handicapping for most of the daily motor activities, and has a dramatic 

negative impact on the quality of life. To date, no cure exists. Understanding the 

mechanisms underlying muscle weakness in nemaline myopathy appears to be primordial 

and urgent in order to develop potential therapeutic strategies. 

Recent advances demonstrate that nemaline myopathy is primarily due to mutations in 

genes coding skeletal muscle sarcomere proteins and, in particular, proteins of the thin 

filament such as tropomyosin (Michele et al., 1999; Donner et al., 2002; Tajsharghi et al.,

2007). Tropomyosin mutations are relatively subtle mutations, typically missense 

mutations changing just one DNA nucleotide and resulting in the substitution of just one 

amino acid in the protein. This raises the question of the mechanisms by which such 

minor changes result in muscle weakness. The present proposal specifically aimed at 

investigating how different tropomyosin mutations alter thin filament structure and 

function leading to muscle weakness in nemaline myopathy.  
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6. Experimental methodology: We performed X-ray diffraction experiments on 

membrane-permeabilized muscle fibres coming from biopsy sample specimens from 

patients carrying different tropomyosin mutations (E41K and R133W) associated with 

nemaline myopathy, and from healthy controls. The experiments were carried out using 

the SPring-8 synchrotron radiation facility (Harima, Hyogo, Japan).  On the day of 

experiment, muscle fibres were dissected and mounted in arrays of 30 fibres.  X-ray 

diffraction patterns were recorded for each array of 30 membrane permeabilized fibres in 

relaxing (low [Ca2+]) and activating (high [Ca2+]) solutions by using a cooled CCD 

(charge-coupled device) camera (C4880, Hamamatsu Photonics, 1000 × 1018 pixels) in 

combination with an X-ray image intensifier (V5445P, Hamamatsu Photonics).  The 

wavelength was 0.09 nm, and the specimen-to-detector distance was ~2 m.  To 

compensate for the relatively small dynamic range of the detector, absorber masks made 

of aluminum and copper were placed at the center of the image intensifier. The exposure 

time was ~2 s, and usually several to tens of patterns were summed to obtain a final 

image to be analyzed. The four quadrants of the image were folded after correction for 

the fiber inclination, and the background was subtracted.   

7. Research results: Briefly, in the figure, the left column corresponds to recordings in the 

relaxing solution, the middle in activating solution, and the right is the difference. In the 

“difference” patterns, the red color represents the area in which intensity was increased 

after activation, and the blue color, decreased. In fibres from controls, the area for the 2nd 

actin layer line (ALL) (tropomyosin LL) was clearly enhanced. Other reflections, 

including the 6th (59A) and 7th (51A) LLs, were also clearly enhanced. In fibres from 

patients carrying a tropomyosin mutation (R133W) and diagnosed with myopathy, these 

enhancements were much weaker, suggesting that the regulatory system was not fully 

turned on (explaining muscle weakness). On the other hand, in fibres from patients 

carrying another tropomyosin mutation (E41K) and with myopathy, the patterns were less 

visible because of insufficient counting statistics, but the enhancement of the 2nd and 6th 

ALL was still evident.  
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8. Current/future issues: This was the first time that X-ray diffraction patterns were 

successfully recorded in humans in health and disease. All the pilot results taken together 

are promising and show that distinct tropomyosin mutations differently alter thin filament 

structure and function leading to muscle weakness in nemaline myopathy. Nevertheless, 

more experiments using X-ray diffraction are required to clearly define the function 

impairments caused by the various tropomyosin mutations in nemaline myopathy. 

9. References:
Donner, K., Ollikainen, M., Ridanpaa, M., Christen, H. J., Goebel, H. H., De Visser, M., 

Pelin, K. & Wallgren-Pettersson, C. (2002). Mutations in the beta-tropomyosin (TPM2) 

gene--a rare cause of nemaline myopathy. Neuromuscul Disord 12, 151-158. 
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Michele, D. E., Albayya, F. P. & Metzger, J. M. (1999). A nemaline myopathy mutation 

in alpha-tropomyosin causes defective regulation of striated muscle force production. J 

Clin Invest 104, 1575-1581. 

Sanoudou, D. & Beggs, A. H. (2001). Clinical and genetic heterogeneity in nemaline 

myopathy--a disease of skeletal muscle thin filaments. Trends Mol Med 7, 362-368. 

Tajsharghi, H., Ohlsson, M., Lindberg, C. & Oldfors, A. (2007). Congenital Myopathy 

With Nemaline Rods and Cap Structures Caused by a Mutation in the beta-Tropomyosin 

Gene (TPM2). Arch Neurol 64, 1334-1338. 

10. Status of publication: More experiments using X-ray diffraction are needed before 

submitting the data to a scientific journal. 

11. Key words: Muscle disease, gene mutation, tropomyosin, structure and function. 
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Study of reaction mechanism of molecular chaperon contributing to 
suppression of protein conformational diseases. 

a b b b b b

Toshihiko OKAa  Tetsuya ABEb  Taro KANZAKIb  Atushi NAKAGOMEb  Ayumi NAKAGAWAb

Masafumi YOHDAb

a b

aShizuoka University bTokyo University of Agriculture and Technology 

(sHSP) X
sHSP

X-ray solution scattering profiles of small heat shock protein (sHSP) were measured. The reaction processes 
were measured that sHSP inhibits aggregation of heat-denatured protein.  

Small heat shock protein sHSP
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Sulfolobus tokodaii 

strain 7 sHSP StHsp14.0 [3]

X BL40B2
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Fig.1. Profiles of solution X-ray scattering of StHsp14.0 
with Citrate Synthase; wild-type (solid line)  WKW 
(dashed line) and FKF (dotted line) mutants.  

[1]Shalina et al.  Nature (2007) 448:474-479; 

Ito et al. Folia Pharmacol. Jpn. (2003) 
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(2003) 121:21-25 

[3] Saji et al. Proteins (2008) 71:771-82 
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X-Ray Crystallographic Analyses of 3-D Organic Complex for 
Clarification of Biological Molecular Reaction Mechanism for 

Development of Treatment for Important Disease 

a a a a a a

b b a a c

Hyuma Masua, Masatoshi Kawahataa, Kosuke Katagiria, Hiroshi Danjoa, Taichi Tohayaa,

Mayumi Shibutaa, Mio Matsumurab, Mayumi Kudob, Isao Azumayaa, Kentaro Yamaguchia,

Keiko Miurac.
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aFaculty of Pharmaceutical Sciences at Kagawa Campus, Tokushima Bunri University,  
bDepartment of Chemistry, Faculty of Science, Ochanomizu University,  

cResearch & Utilization Division, JASRI/SPring-8 

X

The steric structures of the novel 3-D complexes and their various organic components applied to pseudo 
biochemical reactions were elucidated via micro crystal X-ray analysis. The components have distinguishing 
structure based on each stereo chemistry. The 3-D complexes form highly ordered network structures via 
noncovalent interactions in the crystalline state. 
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Fig. 1  Crystal structure of 1. Hexagonal, P63, a = b=
28.5652(3), c = 6.4087(1) Å, V = 4528.7(1) Å3, R1 = 
0.0944 (I > 2 I).

Fig. 2  Crystal Structure of 2. Tetragonal, I-4c2, a = b = 
21.385(1), c = 28.321(1) Å, V = 12952(1) Å3, R1 = 
0.2440 (I > 2 I).
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3

3

Fig.3 4

(III)

17

Fig.4

Fig. 3  Crystal structure of 3. Monoclinic, P21/c, a =
15.5722(7), b = 27.351(1), c = 21.8780(9) Å, =
99.142(2) , V = 9199.7(7) Å3, R1 = 0.1266 (I > 2 I).

Fig. 4  Crystal structure of 4. Triclinic, P-1, a=21.70(1), 
b = 22.61(1), c = 27.010(8)Å, = 67.78(8), = 73.26(9), 

= 68.21(8) , V = 1122(1)Å3, R1 = 0.1421 (I > 2 I).
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Azumaya, CrystEngComm, 2006, 578–580. 
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2. Self-assembly: Suprabowl simplicity, S. Davey, 

Nature Chemistry Research Highlights,

Published online: 30 January 2009. 

Macrocyclic compound, 3-D 
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Direct Observation of Phase Transition of Novel Modified Silicone 
during Processing for Porous Fittings with High Moisture 

Transmission for Artificial Limb 

a, a, b, c, c

Hiroki Uehara a, Masazumi Saitoh a, Masahiro Kaneki b, Hiroyasu Masunaga c, Sono Sasaki c

a b c

a Gunma University, b ALCARE Co. Ltd., c JASRI

SPring-8 X
in-situ

Conventional artificial limb fitting exhibits poor moisture transmission, leading to the skin trouble of patients 
due to the sweat liquid storage between fitting and limb. In this study, the porous and cross-linking processes of 
silicon-based polymer having excellent biocompatibility were directly observed by in-situ small-angle X-ray 
scattering using high luminescent incident beam at SPring-8. 
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2009A1866     BL20B2

Analysis of microstructure and mineralization of subchondral bone in 
patients with osteoarthritis 

Ko Chiba , Nobuhito Nango , Syogo Kubota , Yohei Ikebe

a Orthopedic Surgery, Nagasaki University b Ratoc System Engineering 

Spring-8 BL20B2 CT

Abstract 
We analyzed the microstructure and mineralization of subchondral bones in patients with osteoarthritis.  
Thickness of trabecular bones and cyst formations were observed at the subchondral bones of osteoarthritis. 
The mineralization of trabecular bone decreased, that was particularly clear around the cysts. 
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CT

CT

CT

Fig.1 3D CT image of Osteoarthritis 

Fig.2 3D CT image of Osteoporosis 

Chappard C, et al. Subchondral bone 

micro-architectural alterations in osteoarthritis: a 

synchrotron micro-computed tomography study.  

Osteoarthritis Cartilage. 14:215-23. 2006 

-

-

-

-
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2009A1867             BL20B2 

in vivo-CT CT
CT imaging of intracerebral microvessels using synchrotron radiation 

a b

Jun Motoyama, Toshihiro Sera 

a

b

a RIKEN, Brain Science Institute, Molecular Neuropathology Group, 
bComputational Biomechanics Unit  

Functional brain imaging using the haemodynamic response such as fMRI and near Infrared spectroscopy is getting more 

important to measure neural activity in the brain without invasiveness and radiation exposure. However, nothing has been 

reported about the dynamics of intracerebral angiogenesis and infarction. In the present research proposal, we evaluate CT 

imaging using synchrotron radiation in Spring 8 to observe the dynamics of intracerebral microvessels in live mouse.
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2009A1868                                       BL20XU 

X CT

–
Analysis of three-dimensional structures of the zebrafish brain with 

refraction-enhanced X-ray micro-tomography 
aa aa aa Moly Pricila Khanaa b b b

aa aa aa a

Ayaka Nagataaa , Takanori Ikenagaaa , Tamami Yamamotoa, Moly Pricila Khana , Kentaro Uesugib,
Akihisa Takeuchib, Yoshio Suzukib, Yohei Nakajimaa, Shinpei Katsumotoa, Masashi Nakagawaa, Kohei Hattaa

a I ,
b

a Graduate school of Life Science, University of Hyogo
b Japan Synchrotron Radiation Research Institute (JASRI) 

equally contributed to this work 

X CT
48

BL20XU

Abstract 
To establish the novel methodology to make three-dimensional brain atlas of vertebrates, brains of 48days old 
zebrafish were analyzed by refraction-enhanced high-resolution X-ray micro-tomography. Fixed and unstained 
brains were embedded in glass tubes with paraffin, and scanned with beamline BL20XU in SPring8. Collected 
data were re-constructed to images of two-dimensional coronal planes, and then these images were re-
organized to three-dimensional images with image analyzing software. Distinct layer structures and brain nuclei 
were recognized in the coronal plane images, due to visualization of cell nucleus of individual neurons. Sagittal 
and horizontal planes could be observed easily from the same sample by operating with image analyzing 
software. 

PET MRI
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2009A1871        BL20XU 

3
Analysis of Osteocyte canaliculus 3D fine structure which corelate to 

whole body systemic organ

a, a, b, b, c, c,

Nobuhito Nango a, Shogo Kubota a, Wataru Yashiro b, Atsushi Momose b, Yoshihiro Takeda c, Koichi 

Matsuo c,

a , b ,
c ,

aRatoc System Engineering Co., Ltd. 
bGraduate School of Frontier Siences, University of Tokyo,  cKeio University School of Medicine,  

X CT 3

CT

Using X-ray microscope CT with synchrotron radiation, we attempted to analyze the 3D internal structure of 
osteocyte canaliculi inside the cortical bone at mouse tibia. To extract the fine structure of internal bone, we 
perfomed CT scans with the defocus refraction contrast method to emphasize edges and with the differential 
phase-contrast method to measure thee absolute value of bone mineral. We compared the both images precisely 
and were able to extract the correspondence of the fine structure and mineral density. From these images, we 
found some groups, one aligned vertically to the distribution of bone cell, one aligned on the bone surface, and 
another existing randomly. The former group is shaped as a network between cells and its canaliculi are parallel 
on the bone cells, in the later group, beside the network extending between cells randomly, the long coiled 
canaliculus existed and we found the canaliculus network connecting this.  
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1.Feng, J.Q. et al., Loss of DMP1 causes 
rickets and osteomalacia and 
identifies a role for osteocytes in mineral 
metabolism. NATURE GENETICS 
38(11) Nov. (2006) 
2.Takeda, Y. et al., Differential Phase X-ray 
Imaging Microscopy with 
X-ray Talbot Interferometer. Appl. Phys. 
Express 1(11), 117002 (2008). 
3.Momose, et al. Demonstration of Xray Talbot 
Interferometry, Jpn.J. Appl. Phys. 
Vol.42(2003) pp.L866-L868 
4.Hirose, S et al., A histological assessment on 
the distribution of 
the osteocytic lacunar canalicular system 
using silver staining. J Bone 
25 (2007). 
5. 382-386,

2006 
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2009A1872 BL37XU

Analysis of localization of Nickel in plants tolerant to Nickel excess 

a, a, b , b , b, c, d

Michiko Takahashia. Daisuke Shima a. Saori Takada b. Akiko Hokura b. Izumi Nakai b.
Naoko Nishizawa c. Yasuko Teradad

a b c d

aFaculty of Agriculture, Utsunomiya University, bFaculty of Science Division, Tokyo University of 
Science, cGraduate School of Agricultural and Life Sciences, University of Tokyo, dJASRI

-XRF 

To clarify the mechanism of tolerance to Nickel excess in higher plants, Nickel localization in the seedling of 
Arabidopsis tolerant to Nickel excess was analyzed using -XRF imaging analysis. As a result, nickel 
localization at the root tip of Arabidopsis tolerant to Nickel excess was lower than that in control and nickel 
transport to an entire root and a shoot was enhanced.   

Ni
112

0

Fig. 1. 

Kim, S.§, Takahashi, M.,§ Higuchi, K., Tsunoda, K., 
Nakanishi, H., Yoshimura, E., Mori, S and 
*Nishizawa, N.K. : Increased nicotianamine 
biosynthesis confers enhanced tolerance of high 
levels of metals, in particular nickel, to plants. 
Plant Cell Physiol. 46, 1809-1818 (2005) §These 
authers contributed to this work equally. 
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2009B1908 BL37X

XAFS Analyses of Zinc Position in Calcium Phosphate Crystal on 
Remineralized Enamel Lesion

a b

Yoshihiko Hayashia, Mamoru Fujiwarab

a ( )
aDepartment of Cariology, Nagasaki University Graduate School of Biomedical Sciences, JASRI

This study was introduced to reveal the zinc atom displacement due to XAFS analyses in the hydroxyapatite 
crystal, which was developed in the oral cavity through the process of remineralization at the artificial 
demineralized lesion.
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2009B1909        BL20B2 

Analysis of microstructure and mineralization  
of subchondral endplate in patients with osteoarthritis 

Ko Chiba , Nobuhito Nango , Syogo Kubota , Yohei Ikebe

1 Orthopedic Surgery, Nagasaki University 2 Ratoc System Engineering 

Abstract 
We analyzed the microstructure and mineralization of the subchondral endplate in patients with osteoarthritis. 

Cyst formation and thickening of the subchondral endplate were observed, and the mineralization around the 
bone cyst decreased remarkably. 
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Fig.1 3D CT image of Control 

Fig.2 3D CT image of Osteoarthritis 

Chappard C, et al. Subchondral bone 

micro-architectural alterations in osteoarthritis: a 

synchrotron micro-computed tomography study.  

Osteoarthritis Cartilage. 14:215-23. 2006 

-

-

-

-
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Medical Bio Trial Use Proposal: Medical Bio Trial Use Proposal 
Report

This study aimed to develop a new quantitative measure of in-vivo blood flow using the 
penetrating and high intrinsic contrast afforded by Phase Contrast X-ray Imaging coupled 
with the accurate and quantitative fluid dynamics information provided by Particle Image 
Velocimetry (PIV).  The ability to image blood flow using such a technique would find 
widespread application in the study of vascular diseases. Specific aims of this experiment 
were:

• Development of the imaging methodology towards more clinically meaningful and 
complex mammalian models such as mice. 

• Application of the method to achieve both morphological and functional 
measurements of the cardiac flows and shear stresses within zebra-fish at key 
stages of their development;

Successful PIV of cardiac flow rates require high resolution, high speed image sequences. 
Previous beam-time experience has shown us that 0.7 micron pixels are optimal. At these 
resolutions, low exposure times are necessary to freeze the motion of blood in any single 
image. At this resolution, exposure times under 1 millisecond are necessary. Imaging was 
performed at both the upstream and downstream hutch of BL20XU to optimise the flux 
available and hence minimise the exposure times at very high spatial resolutions. To 
enable rapid imaging, a high speed image intensified detector, high speed shutter and 
timing apparatus were utilized to rapidly and accurately trigger data acquisition. The 
Hamamatsu BM3 was used as an X-ray converter. A high-speed shutter has been 
developed and was a vital component in these experiments for reducing dose and 
protecting optics from the high flux beam.

The first experiment targeted the collection of in vitro measurements. This allowed for 
baseline data to be collected and for any final optimisation of imaging parameters, such as 
propagation distance. It was found that the downstream hutch provided insufficient flux for 
imaging at physiological flow-rates. The upstream hutch proved more appropriate as the 
higher brightness enabled a 10x reduction in exposure time, allowing exposure times of 
100 microseconds. The high-speed detector provided the capability of frame rates greater 
than 2000 fps. The quality and coherence of the beam in the upstream hutch was 
insufficient for imaging of red blood cells directly, which require a highly coherent beam to 
exploit the small phase difference between them and the surrounding plasma and tissue. 
The addition of ultrasound contrast agents to blood enabled measurement of pulsing blood 
flow at physiological flow-rates through in vitro vascular models (See Figures 1 and 2). 
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Figure 1: Instantaneous velocity measurement of pulsatile blood flow at physiological flow 
rate within a realistic stenosis model using X-ray PIV. Vectors show the velocity and 
contours show the vertical component of the velocity. Velocity measurements are 
captured at 2000 frames per second with 100us exposures.

Figure 2: X-ray PIV results of recirculating flow in a glass capillary, captured with the use of 
the linear VCA shutter. The schematic of the capillary is overlaid with the velocity vector field 
and streamlines, as were calculated through X-ray PIV analysis of the fluid flow. The 
experiment was conducted at SPring-8 (Japan) using blood, on the BL20XU beamline, and 
is only possible with reduced dose to the sample to prevent clotting. The analysed images 
were captured at 3ms exposures, at a frame rate of 300fps.
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Experiments were successful in applying PIV to high-speed phase contrast imaging. 
Results show accurate measurement of blood flow through in vitro models at physiological 
flow-rates. This represents a significant improvement in the maximum flow-rates capable 
of being measured using this technique, and has advanced the technology to a point 
where application to in vivo cardiovascular flows in mammalian models is possible.  

Application of this technique to zebrafish models proved difficult. The high flux needed for 
in vivo imaging resulted in reduced beam quality, which rendered image quality inadequate 
for high resolution wall shear stress measurement. Results indicate that the addition of 
contrast agents will improve signal to noise ratio enabling application of PIV to phase 
contrast imaging of zebrafish cardiac flows. Due to the very small size of the zebrafish, we 
were unable at this time to incorporate these contrast agents into our in vivo experiments.
These experiments were therefore unsuccessful. Future experiments planned will 
incorporate contrast agents, allowing physiological flow-rates to be resolved. 

Two publications are under preparation using data taken during these experiments: 

Chua, C.S., Higgins, S., Hourigan, K. & Fouras, A. (2010) An asynchronous high-speed 
synchrotron shutter (Submitted to Journal of Synchrotron Radiation)

Jamison, R.A., Dubsky, S., Higgins, S., Siu, K.K.W., Hourigan, K. & Fouras, A. (2010) 
Physiological pulsatile blood flow within a realistic in-vitro stenosis model (under
preparation for submission to Experiments in Fluids)
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2009B1911 BL20B2

      X
Diversity and adaptation of the pharyngeal teeth morphology:  

X-ray live imaging of the vertebrate feeding behavior

a a a b a

aa a a

Tatsunori Haradaa, Takanori Ikenagaa, Kazutake Tashimaa, Kentaro Uesugib, Tamami Yamamotoa,

 Moly Pricila Khana, Yohei Nakajimaa, Kohei Hattaa

a

b  (JASRI) 
aGraduate school of Life Science, University of Hyogo  

bJapan Synchrotron Radiation Research Institute (JASRI) 

BL20B2 X

Abstract 

Most of teleost fish have pharyngeal teeth in their posterior pharynx and their morphology is diversified. To 

understand their functions, feeding behaviors of the adult zebrafish and medaka were observed by X-ray live 

imaging at beamline BL20B2 in SPring-8. It was demonstrated for the first time that the pharyngeal teeth of 

both species were moving rapidly along the rostro-caudal axis during their feedings.  
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1. Hatta K, BreMiller R, Westerfield M, Kimmel 

CB: Diversity of expression of Engrailed-like 

antigens in zebrafish. Development 112:

821-832, 1991.
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2009B1919      BL28B2

Difference in cell-killing effect and its recovery induced by 
X-ray microbeams between p53 wild type and mutated 

type tumor cells.

, , a, , ,

Masao Suzuki , Masami Torikoshi , Yumiko Ohno , Naoto Yagi , Keiji 

Umetani , Genro Kashino

a , b

, c

aResearch Center for Charged Particle Therapy, National Institute of Radiological 
Sciences, bSPring-8, Japan Synchrotron Radiation Research Institute, cResearch 

Reactor Institute, Kyoto University.

Our studies using X-ray microplanar beams clearly showed that the recovery from cell killing was quite 
different between normal and tumor cells. One possible mechanism might be the bystander effect between 
irradiated and unirradiated cells by X-ray microplanar beams, however it is still unknown not only biological 
effect itself but also its mechanism. We focused on the relationship between p53-gene status and bystander 
response to explain the phenomenon. Two p53-wild type normal human cells, one p53-wild type tumor cell line 
and three p53-mutated type tumor cell lines were irradiated with 25 m-thin (200 m beam space) X-ray 
microplanar beams generated at BL28B2. The results showed that the recovery from cell killing was occurred 
in the p53-wild cells after 12h of post-irradiation incubation, while no recovery was observed in the 
p53-mutated cells. Furthermore, the recovery observed in the p53-wild cells was suppressed to the similar level 
of the cell killing observed in the p53-mutated cells, when using a specific inhibitor of gap-junction mediated 
cell-cell communications together. Our present results suggest that p53-mediated cellular responses play an 
important role of repair process between irradiated and unirradiated cells with X-ray microplanar beams.
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Fig.1 Beam profile of the X-ray microplanar beams
generated with synchrotron radiation using the 
collimator. Data are taken from [3].  
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Fig.2 Cell survival assayed either immediately after 
irradiation or 12h after irradiation with the X-ray 
microplanar beams. Upper graph shows the survivals 
of normal human cells (normal type p53 gene) and 
lower graph shows the survivals of human tumor cell 
lines (mutated type p53 gene). “+L” means the cells 
were treated with a specific inhibitor of gap-junction 
mediated cell-cell communication together.

[1] Slatkin et al., PNAS, 92, 8783-8787, 1995. 
[2] Laissue et al., Int.J.Cancer, 78, 654-660, 1998. 
[3] Ohno et al., Medical Physics,35,3252-3258, 2008. 

�����



Medical Bio EX Proposal Report 

Proposal number: 
2009A1878

Title of experiment: 
Dynamic synchrotron x-ray detection of individual pollutant particle behaviour after deposition onto 
live airways 

Name and affiliation of the project leader: 
Dr David Parsons, Women's and Children's Hospital, North Adelaide, South Australia 

Beamline used: 
BL20XU Downstream 

Research purpose and background 
In our industrialised society, air pollution is a significant environmental and health concern. Man-made 
airborne pollutants from a wide variety of sources are suspended in the air in liquid, gaseous or solid 
forms. We have previously reported a new technique to image samples of solid particulates such as 
quarry dust, fibreglass, asbestos fibres, and lead in mouse nasal airways [1]. These particulates have the 
potential to produce deleterious acute or delayed health effects that can impact on asthma, cystic 
fibrosis (CF), bronchitis, emphysema, lung and heart disease, and respiratory allergies. 

Mucociliary transit (MCT), and therefore the effectiveness by which the airways clear any inhaled 
pollutant particles, is a clear airway health diagnostic indicator. In attempting to determine the 
effectiveness of genetic [2, 3] and other potential therapeutics for CF airway disease we have 
developed MCT monitoring methods that can be used in-vivo in mice. Existing methods for quantifying 
bulk particle clearance in airways [4] are unable to non-invasively detect and track the motion of 
individual pollutant particles in real time and with high resolution. Direct visualisation of the behaviour 
of deposited particles in animal model airways is expected to improve our understanding of airway 
surface function and suggest novel methods for prevention or treatment of respiratory disease. 

In 2008B we demonstrated the ability to locate, track and quantify the motion of common inhaled 
particles in the nasal airways of live mice using phase contrast X-ray imaging (PCXI). The lung 
airways remain the relevant target organ, so the aim of the 2009A study was to extend our previous 
work to non-invasively examine particulate deposition and MCT in the lung airways of live mice.

Experimental/analytical method 
The PCXI experiment was performed in the downstream BL20XU hutch. The imaging and 
experimental setups are described in three publications [1, 5, 6]. The experiment consisted of an in-
vitro study to confirm the visibility of a range of biologically-relevant particulates, a pilot ex-vivo study 
to examine the visibility of the particulates in an excised mouse trachea, and an in-vivo study to 
examine the behaviour of the particles after deposition onto live mouse airways. 
The same potentially respirable pollutant particles visible in the 2008B study were examined suspended 
in saline carrier fluid to verify their visibility using PCXI. Chrysotile (white asbestos) and fibreglass 
from a commercial pipe insulation were separately ground under water to produce fibres suited for 
examination. Galena (lead ore) and dolomite quarry dust were also tested. Raw samples were prepared 
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in physiological saline at concentrations of 0.1% w/v and 1% w/v, and 15 l samples were pipetted 
inside small steel washers placed on the exposed adhesive surface of Kapton tape. The particles and 
liquid were then sealed in place inside the washers using a second piece of tape and the samples were 
mounted on a controllable X-Y stage in the hutch for imaging. 

A pilot ex-vivo experiment was performed using one HOS:HR-1 mouse. The mouse was humanely 
killed via Nembutal overdose and the trachea was surgically excised before being placed into a study 
chamber where it was held between two 20Ga i.v. catheters. Thin films of Kapton sealed the front and 
rear of the chamber to minimise specimen dehydration during the experiment. The chamber was 
mounted on the x-y-rotation stage in the imaging hutch such that the X-ray beam passed laterally 
through the excised trachea; the same orientation used in the in-vivo studies. Images were captured at 
baseline and after delivery of 15 l samples of the particulates suspended in saline. The stage was also 
translated in the x-direction to allow the full length of the excised trachea to be imaged using a number 
of exposures. 

In-vivo experiments were performed using 15 HOS:HR-1 mice. Groups of three mice were exposed to 
each of the five particulates. Mice were anaesthetised with Nembutal and then intubated using a 20Ga 
i.v. catheter as an endotracheal (ET) tube. Mice were secured to a polyethylene imaging board, with 
dorsal incisors hooked over a stainless-steel wire loop and the limbs, shoulders and torso were taped to 
minimise respiratory movements. The imaging board was mounted on the x-y-rotation stage in the 
hutch such that the X-ray beam passed laterally through the mouse trachea, at approximately three 
cartilage rings below the tip of the ET tube. The ET tube was connected to a flexiVent small animal 
ventilator, and anaesthesia was maintained using a humidified isoflurane O2 mixture. The ventilatory 
profile was configured with an end-inspiratory pause to allow unblurred image capture. 

Image capture was triggered by the ventilator once every 14 breaths (10.5 sec). After 3.5 minutes of 
baseline collection (20 images), a 15 l sample of the particulate suspended in saline was manually 
delivered via the ET tube in a single bolus delivered over 10 seconds. Image acquisition was resumed 
at the same rate for a further 42 minutes (~240 images), creating a dataset consisting of 260 images. 

Research results 
The in-vitro PCXI visibility of the pollutant particles in saline was similar to what we previously 
reported for samples in distilled water [1]. Based on our in-vitro observations a concentration of 1% 
w/v was selected for both ex-vivo and in-vivo studies, to ensure sufficient particulates were present in a 
15 l sample to potentially be visible when deposited into the mouse trachea. 

Prior to use in live mice the ex-vivo visibility of the particulates was also verified in a segment of 
excised mouse trachea. All particulates could be easily detected and had similar appearances to the in-
vitro study (all particulates are visible in Figure 1a). Although all particulates were detectable, the 
smaller and less visible quarry dust particles were harder to detect than fibreglass, galena and the 
hollow glass beads. In addition, only one bundle of asbestos fibres was visible in the trachea in contrast 
to the other particulates, of which many individual particles could be detected. Despite using an 
enclosed chamber we did find that the excised trachea tended to rapidly and visibly dehydrate, and thus 
we did not attempt to use this system to analyse MCT behaviour. 

A 15 l dose volume provided sufficient visible fluid and particulates to be monitored in the trachea 
and induced no noticeable change in respiratory effort or frequency. We noted that for the first 30 
minutes of the experiment image quality was excellent, due largely to the respiratory-gating. After 
approximately 30 minutes most mice displayed large irregular respiratory excursions initially every 
~10 breaths, increasing in frequency and magnitude as the experiment continued. Mice remained 
deeply anaesthetised, but these movements eventually degraded the quality of the images because the 
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end-inspiratory breath holds became ineffective. Independently increasing the level of anaesthesia and 
tidal volume had no effect. We trialed imaging one mouse in a supine position which largely eliminated 
the irregular respiratory movements suggesting that the head-high mounting was a likely cause of the 
respiratory instability we observed. 

Fibreglass, galena, quarry dust and the hollow silver coated glass beads could be detected in-vivo in 
some animals, although with different degrees of visibility and with varying levels of difficulty. We did 
not positively identify asbestos fibres in any of the image sequences. Of the particulates that we could 
detect with PCXI, galena was the simplest and quarry dust the most difficult. Fibreglass and the hollow 
silver coated glass beads were intermediate. 

Although there was little bulk saline present during imaging, the liquid layer present on the airway 
surface was consistently thicker on the dorsal side of the trachea. Independent of the particle type and 
size, the majority of particle deposition and particle motion also occurred on the dorsal side of the 
trachea. In those animals in which particulates were detected they were visible throughout the entire 
imaging period. However, most particle motion in the trachea occurred within the first few minutes of 
imaging, with almost all particles eventually lodging. Almost all galena particulates appeared to be 
motionless from the initiation of imaging (~1 minute after dose delivery), but in comparison some glass 
beads continued moving for almost the entire imaging period before eventually lodging after 30+ 
minutes. The motion and lodging of quarry dust and fibreglass were between these two extremes. In 
general, small particles continued their motion for longer than large particles; the latter were observed 
to lodge quickly on the airway surface. 

Figure 2 shows a quarry dust particle moving over a period of 2.1 minutes. The MCT rate of this 
particle (and many others) was not uniform, and varied between zero and ~0.5 mm/min. Figure 3 
shows a single image of stationary fibreglass fibres present in the trachea. Interestingly, in this animal a 
small number of fibres were present on the ventral surface, although most collected along the dorsal 
surface. Galena particles did not move substantially over the imaging period, but were the easiest 
particulate to detect in-vivo. Large clusters of galena approximately 60 m long were present in two 
mice, and in one animal the galena cluster moved between two points in the airway rather than staying 
stationary. This was contradictory to the behaviour of most other large particles which, as previously 
noted, tended to lodge quickly. Figure 4 shows the behaviour of this large cluster, with both the transit 
motion and clump orientation noted, showing rotation during MCT movement. Figure 5 shows the 
motion of multiple glass beads along the dorsal tracheal surface and like galena their particle motion 
was not uniform; beads could move in different directions, and at different rates. The MCT rate of the 
marked particles varied between -0.02 mm/min (down the trachea) and 0.37 mm/min (toward the 
larynx). In the same animal we measured smaller glass beads moving at more than twice this rate (up to 
0.75 mm/min) however they cannot be seen on these static images. 

In summary, this project examined how different types of particles moved along the airways; and 
established the potential of this new non-invasive imaging method to assist in research into the 
initiation of childhood and other respiratory diseases that are related to particulate inhalations. 

Current and future issues/challenges
The aerodynamic diameter of inhaled particulates must be less than 10 m to be inhaled into the lung 
of humans. An improvement in the minimum size detectable under PCXI will be important for ensuring 
biological relevance in future instillation or inhalation studies.  

We also suspect that changing from head-high to supine imaging will reduce loading on the diaphragm 
that likely causes muscle fibre shortening, ventilatory loading and potential hypoxaemia and 
hyercapnia. Venous return problems when vertical can also reduce cardiac output and potentially 
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metabolism. We expect that mice will not exhibit the large unpredictable respiratory excursions that 
currently cause image blurring and limit usable imaging time to <30 minutes. Supine imaging will 
impose more physiologically realistic gravitational effects on particle motion, assisting us to quantify 
true post-deposition MCT behaviour.  

In these first studies little effort was made to limit radiation dose, which was too intense to consider 
animal recovery and repeated imaging. The current rapid development of synchrotron and imaging 
technology suggest there will continue to be improvements in CCD sensor technology, and analytical 
techniques such as motion-detection and particle tracking. Combined, they should lead to improved 
image resolution and higher light sensitivity, allowing smaller — and therefore more physiologically 
relevant — particulates to be detected and tracked. 
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Figure 1 (a) A montage of 9 individual PCXI images from the pilot ex-vivo experiment that examined an excised mouse 

trachea. The images were taken after all 5 particulates had been delivered within individual 15 l boluses. All 5 particle 

types are clearly visible and marked. (b) An in-vivo montage of 15 individual PCXI images with the ET tube uppermost in 

the trachea. The ET tube opening is approximately 2 cartilage rings from the top, and the standard imaging location, usually 

3 rings below the bottom of the ET tube, is marked with a white rectangle. Dark particles of galena are apparent within the 

ET tube as well as at the imaging site in the trachea. Image alignment is poor at some montage frame edges due to 

respiratory movements that occurred between image captures.
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Figure 2 In-vivo imaging of quarry dust in a live mouse trachea. The image on the left (1.8 x 1.2 mm) was captured 

approximately 1.75 minutes after imaging was started, and the location of a quarry dust particle is marked with an X. The 

sequence of image strips to the right were created by cropping complete image frames to show the same region in 

subsequent motion-detected frames, captured 10.5 seconds apart (i.e. 2.1 minutes total). The motion of the dust particle is 

tracked by the grey line, and demonstrates variability in the rate of particle transit for even a single particle. Other particles 

were also visible when viewed dynamically, but cannot be seen on these static images. 

Figure 3 In-vivo imaging of fibreglass in a live mouse trachea. This is the first image (1.8 x 1.2 mm) captured after 

imaging began, and although the fibres were visible in the trachea, they did not move throughout the imaging period. 

Although most fibres were located on the dorsal tracheal surface (the right hand side of the image) in this animal a small 

number were also visible on the ventral surface.  
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Figure 4 In-vivo imaging of galena in a live mouse trachea. The image on the left (1.8 x 1.2 mm) is the first image 

captured after imaging began, and shows a large clump of lead particles, as well as smaller individual particles spread 

throughout the trachea. The strips on the right are from the first 30 frames, each captured 10.5 seconds apart (i.e. 5.25 

minutes total), and show the motion of the lead clump. The indicator at the top of each strip shows the relative rotation of 

the clump. Note that between the 1st and 3rd strips the clump movement was briefly retrograde. The majority of the other 

individual galena particles are located toward the dorsal tracheal wall (the right-hand side of the image). 

Figure 5 In-vivo imaging of silver coated hollow glass beads in a live mouse trachea. The image on the left (1.8 x 1.2 

mm) was captured approximately 2 minutes after imaging was started. The strips on the right are motion detected frames 42 

seconds apart (i.e. 5.6 minutes total) from within the marked white rectangle. The motion of 4 separate particles is marked; 

two are moving up the trachea at different speeds, and two are moving more slowly down the trachea. A large number of 

smaller particles moved faster than these, but are not clear on these static images. The majority of the glass bead particle 

transit was located toward the dorsal tracheal wall (the right-hand side of this image). 
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PProposal Number: 2009A1882 
Experiment Title: Phase contrast X-ray imaging of lung aeration at birth 
Project Leader: Dr Marcus Kitchen 
Affiliation: School of Physics, Monash University, Australia. 
Beamline: 20B2 

Research Purpose and Background:
The survival of premature infants is critically dependent on their state of lung 
maturation. Immature lungs often fail to facilitate lung aeration and gas exchange after 
birth and they often require respiratory assistance with a mechanical ventilator [1, 2].  
Despite the life saving potential of the mechanical ventilator, it can also cause 
significant damage to the fragile immature lung. This damage is thought to be due to: 
the high pressures required to inflate the stiff immature lungs (barotrauma), regional 
areas of over-inflation (volutrauma), high sheer stress trauma as areas inflate and 
deflate at different rates and atelectrauma due to the repeated opening and collapse of 
the surfactant-deficient lung [1, 2]. Our primary aim was to therefore to identify 
ventilation strategies that promote uniform lung aeration at relatively low airway 
pressures and that prevent lung collapse. We have previously demonstrated that a 
single sustained inflation (SI) provided for the initial breath, fully inflates the lung and 
reduces lung collapse [3, 4]. 

This experiment investigated two potentially critical elements to aid in the safe 
ventilation of premature infants: 

1. Whether a single sustained inflation of 20 seconds could promote uniform 
aeration even at very low inflation pressures (we tested peak inspiratory 
pressures of 20, 30 and 40 cm H2O). 

2. Whether the technique “Particle Image Velocimetry” (PIV) [5] could be used to 
detect regions of high sheer stress injury in the lung, by comparing the velocity 
vectors with molecular markers of lung injury. 

Experimental/Analytical Method:
Propagation-based phase contrast X-ray imaging and plethysmography were used 
simultaneously to observe and measure the patterns and rate of lung aeration in each of 
these groups [6]. Images were recorded in Hutch 3 of beamline 20B2 using a 24 keV 
monochromatic X-ray beam with a source-to-object distance of ~210 m and an 
object-to-detector distance of 3.0 m. Image acquisition was gated with the ventilation 
cycle using a Hamamatsu CCD camera (C9300-124F21) mounted with a fibre-optic taper. 
Figure 1 illustrates the experimental setup. 

Figure 1. Experimental setup for propagation-based phase contrast imaging of newborn 
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rabbit pups in a water-filled plethysmograph. 

Research Results:
Analysis of the data is still ongoing, however, our preliminary results suggest that: 

1. The single sustained inflation of 20 seconds was not able to induce lung aeration 
at the low peak inspiratory pressures of 20 or 30cm H2O, although it was able to 
induce lung aeration at 40cm H2O. This suggests that a critical opening pressure 
is likely to exist in the immature lung and that a sustained inflation is not 
sufficient to overcome that critical opening pressure.   

2. The technique of PIV has been applied to images of rabbit pups ventilated while 
lying on their sides. Ventilation while lying on the side causes the upper lung to 
inflate rapidly, which is more likely to induce sheer stress forces compared to the 
lower lung that inflates slowly (see Figure 2). The image analysis component of 
these experiments has been initiated and is currently ongoing. Following 
ventilation for 30 minutes on the side, the upper and lower lungs were collected 
for molecular analysis of the levels of known markers of ventilator-induced lung 
injury; this analysis is still in its early stages. 

Figure 2. Side ventilation of a premature rabbit pup. 

These experiments have identified ventilation strategies that are likely to reduce lung 
injury in preterm infants and are enabling us to identify those that are likely to promote 
lung injury. In addition, the technique development that we have been performing on 
PIV, has provided some very exciting preliminary data. When that data is compared to 
molecular and histological data it will provide convincing evidence that it is powerful 
tool for analysing defects in lung movement. 

Current and Future Issues/Challenges:
None 
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Status of Publication and Patent:
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Study on Observation of Femur of Rat by Computerized Tomography 
and Strain Mapping in Bone Using Synchrotron White X-ray 

a b c c d

Jun-ichi SHIBANOa, Kentaro KAJIWARAb, Yukiharu KIRIYAMAc,

 Takahisa SHOBUc and Shinpei KIYOTANId

a bJASRI c e

aKitami Institute of Technology, bJASRI, cJAEA, dGraduate student of KIT 
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A structural evaluation and an internal strain measurement of a bone using the synchrotron white X-ray 
obtained from BL28B2 beam line at SPring-8 were investigated. The internal structures of head of femur of rats 
were observed by computed tomographic (CT) scan, and fine trabecula structures in them could be estimated. 
Bovine cortical bone was used as a specimen for the internal strain measurement. Small steel ball pressed on 
the bone specimen, and strains along the long bone direction near the contact position were measured. As a 
result, compressive strain distribution in the region immediately below small steel ball could be found. 
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Fig. 2. CT image of head of femur of SHRSP.

Fig. 3. CT image of head of femur of WKY. 

HAp(002)

Fig. 4. Diffracted X-ray profiles of cortical bone of bovine 
femur.

Fig. 5. Strain distribution of HAp(002) plane in cortical bone 
of bovine femur under compression load with small steel ball. 
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Visualization of lens protein concentration gradation using X-ray 
phase-contrast computed tomography and application to characterize 

the pathophysiology of ophthalmic disease. 

a b b
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b Japan Synchrotron Radiation Research Institute/SPring-8

Bonse-Hart

Talbot

Abstract 
The concentration gradient of lens functions to correct spherical aberration. Development of visualization 

methods of lens protein concentration may contribute to reveal pathophysiology of ophthalmic disorder. We
have previously found that phase-contrast X-ray computed tomography (CT) using Bonse-Hart type 
interferometer could be a possible tool to visualize the protein concentration gradient in lens. However, 
concentric artifacts remains even at higher energy observation. In the present study, we used Talbot 
interferometer to improve the measurement accuracy. Formalin-fixed eyes mice at different age in week (1, 2, 4, 
8 weeks) and raw mice eyes (immediately after exenteration) in physiological saline were examined in BL20B2.
We could obtain images showing protein concentration gradation in developing mouse lens without artifacts 
using Talbot type interferometer. The obtained values of lens protein concentration were compatible with 
earlier studies. 
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Medical Bio EX Proposal Report 

Proposal number: 
2009B1922 

Title of experiment: 
Improved synchrotron X-ray detection of pollutant particle behaviour after deposition onto lung 
airways 

Name and affiliation of the project leader: 
Dr David Parsons, Women's and Children's Hospital, North Adelaide, South Australia 

Beamline used: 
BL20XU Downstream – Biomedical Imaging Centre 

Research purpose and background 
Air pollution is a significant environmental and health concern. Man-made airborne pollutants 
produced by a wide variety of sources exist in liquid, gaseous or solid forms. Solid particulates include 
coal and mineral dusts from mines and quarries, fibreglass and asbestos fibres, lead fumes from 
smelters and vehicles to dusts from construction and demolition. We have previously reported a new 
technique to image these types of solid particulates in mouse nasal [1] and tracheal [2] airways. These 
particulates have the potential to produce deleterious acute or delayed health effects that can impact on 
asthma, cystic fibrosis (CF), bronchitis, emphysema, lung and heart disease, and respiratory allergies.  

This experiment is part of our wider effort towards developing a cure for the CF gene defect in the 
airways of sufferers. In CF mucociliary transport (MCT) can be affected resulting in stagnation of 
airway secretions, obstruction establishment, unstoppable infection and eventual lung failure. In 
attempting to determine the effectiveness of genetic [3, 4] and other potential therapeutics for CF 
airway disease we have developed MCT monitoring methods that can be used in-vivo in mice. Existing 
methods for quantifying bulk particle clearance in airways [5] are unable to non-invasively detect and 
track the motion of individual pollutant particles in real time and with high resolution. Direct 
visualisation of the behaviour of deposited particles in animal model airways is expected to improve 
our understanding of airway surface function and suggest novel methods for prevention or treatment of 
respiratory disease. 

In 2008B we demonstrated the ability to locate, track and quantify the motion of common inhaled 
particles in the nasal airways of live mice using phase contrast X-ray imaging (PCXI), and in 2009A we 
extended this technique to the trachea of live mice. The aim of this 2009B experiment was to improve 
our PCXI techniques for the non-invasive quantification of pollutant particle MCT by optimising our 
model and delivery systems. The specific aims were to: 

• Test and validate an ex-vivo imaging system, including a custom designed tissue bath. 
• Modify our animal restraint and mounting method, and improve our particulate delivery system. 
• Accurately measure and minimise the radiation dose. 

We hoped that technique developments would improve image quality and to allow us to perform 
significant new types of experiments, including: studies longer than 30 minutes; and studies in which 
animals are repeat-imaged over multiple days or months (ie in our CF gene therapy studies to 
determine therapy effectiveness and persistence, or to examine long-term effects of pollutant 
inhalation). 
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Experimental/analytical method 
The PCXI experiment was performed in the downstream BL20XU hutch. The imaging and 
experimental setups are described in three publications [1, 2, 6]. The experiment consisted of an ex-vivo 
study to examine the visibility of the particulates in an excised mouse trachea, and an in-vivo study to 
examine the behaviour of the particles after deposition onto live mouse airways. 

The same potentially respirable pollutant particles visible in the 2008B and 2009A studies (white 
chrysotile asbestos, fibreglass from a commercial pipe insulation, galena lead ore, dolomite quarry dust 
and reference 14 μm silver coated hollow glass beads) were prepared in physiological saline at a 
concentration 1% w/v. In addition, lead carbonate and iron oxide were also prepared in the same 
manner, and their visibility under PCXI established by imaging 15μl samples inside small steel washers 
placed between the adhesive surfaces of Kapton tape. 

Ex-vivo experiments were performed using 6 C57Bl6 mice humanely killed via Nembutal overdose. In 
each mouse the trachea was surgically exposed and 20Ga i.v. catheters were inserted into each end 
secured in place with surgical suture prior to the complete excision of the trachea. The catheters were 
then placed into a modified Living Systems CH/1/AU tissue bath, containing PBS maintained at a 
constant temperature of 37ºC to minimise specimen dehydration during the experiment. The chamber 
was mounted on the x-y stage in the imaging hutch such that the X-ray beam passed through the 
excised trachea. Horizontal and vertical orientations were both tested. Images were captured at baseline 
and after flushing with 100 μl samples of the particulates suspended in saline. The stage was also 
translated in the appropriate direction to allow the full length of the excised trachea to be imaged using 
a number of exposures. In one excised trachea we also tested the delivery of particulates suspended in 
perfluorocarbon liquid.  

In-vivo experiments were performed using 10 C57Bl/6 mice. Mice were anaesthetised with Nembutal 
and then intubated using a 20Ga i.v. catheter as an endotracheal (ET) tube. A significant advance 
during these experiments was the use of an optic fibre connected to a bright light source as an 
introducer for the ET tube. This provided increased illumination of the tracheal opening, increased the 
intubation success rate and reduced the intubation time dramatically. After intubation the mice were 
secured to a polyethylene imaging board, with dorsal incisors hooked over a stainless-steel wire loop 
and the limbs, shoulders and torso were taped to minimise respiratory movements. The imaging board 
was mounted on the x-y-rotation stage in the hutch such that the X-ray beam passed laterally through 
the mouse trachea, at approximately three cartilage rings below the tip of the ET tube. Importantly, and 
in contrast to previous experiments, the animal was mounted in a supine position rather than a head-
high position. The ET tube was connected to a flexiVent small animal ventilator, and anaesthesia was 
maintained using a passively humidified isoflurane O2 mixture. The ventilatory profile was configured 
with a 100ms end-inspiratory pause to allow unblurred image capture. 

Images were captured using our standard pco.4000 CCD camera, but a thicker 26μm scintillator and 
0.5NA objective lens were used in the SPring-8 beam monitor. Image capture was triggered by the 
ventilator once every 7 breaths (5.25 sec). After 2 minutes of baseline collection (~23 images), a 15 μl 
sample of the particulate suspended in saline was remotely delivered via a heat-pulled PE10 catheter 
contained within the ET tube using a syringe pump in a single bolus delivered over ~10 seconds. Image 
acquisition was resumed at the same rate for a further 20 minutes (~240 images). In all experiments the 
number of counts from an ion chamber mounted downstream from the imaging shutter were closely 
monitored and recorded to allow an estimation of the X-ray dose to be calculated. 

Research results 
Due to the short time between conducting the experiment and the deadline for reports we have not 
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performed any substantial analysis of the results, so only preliminary results and observations (no 
images) are presented here. 

The in-vitro PCXI visibility of the lead carbonate and iron oxide particles in saline was similar to that 
of the other particulates tested [1, 2]. Based on our in-vitro observations we continued to use a 
concentration of 1% w/v for both ex-vivo and in-vivo studies, to ensure sufficient particulates were 
present to potentially be visible when deposited into the mouse trachea. 

The ex-vivo visibility of the particulates was also verified in a segment of excised mouse trachea. All 
particulates could be easily detected. Although all particulates were detectable, the smaller and less 
visible quarry dust particles were harder to detect than fibreglass, galena and the hollow glass beads. In 
addition, only one bundle of asbestos fibres was visible in the trachea in contrast to the other 
particulates, of which many individual particles could be detected. The use of an enclosed chamber did 
prevent the excised trachea from visible dehydration, and thus we attempted to use this system to 
analyse MCT behaviour.  

During this experiment mice did not exhibit the large unpredictable respiratory excursions that 
previously caused image blurring and limited the usable imaging time to less than 30 minutes. Using 
this setup it was possible to image for substantially longer, and in some cases animals responded well 
even after 120+ minutes of ventilation in a supine position. We suspect that changing from head-high to 
supine imaging reduced loading on the diaphragm that likely causes muscle fibre shortening, 
ventilatory loading and potential hypoxaemia and hyercapnia. It is also likely that venous return 
problems when vertical reduced cardiac output and potentially metabolism. In addition, we also suspect 
that supine imaging imposed more physiologically realistic gravitational effects on particle motion, 
assisting us to quantify true post-deposition MCT behaviour.  

During this experiment we made a number of important technique improvements that will be useful for 
future PCXI studies at SPring-8 and the Australian Synchrotron: 

• The intubation system was improved and now utilises an optic fibre ET introducer connected to 
a bright light source rather than an arterial guide wire. This system illuminates the vocal cords 
and trachea much more clearly, facilitating rapid and accurate intubations. 

• We tested a range of ET tube sizes and determined that a larger ET tube and internal delivery 
cannula could allow better delivery of large particulates (ie asbestos) to the trachea. 

• A passive humidifier was integrated into the isoflurane delivery circuit to the ventilator. The 
relative humidity of the mix was measured at 83%, and is likely to allow more physiologically 
realistic MCT measurements than a 0% RH dry oxygen / isoflurane mix. 

• The supine mounting orientation of the mouse allowed for substantially longer imaging 
sequences. 

• Particulate delivery was performed using a remotely controlled syringe driver that allowed us to 
acquire images while the particulates were delivered to the airways. This is a significant 
improvement over our previous setup in 2009A [2] where it was necessary to manually instill 
particulates. 

• The exposure time was reduced through the use of a thicker scintillator and a higher NA 
objective lens, which also meant that the delivered dose was reduced. 

• The use of a ex-vivo tissue bath for examining particulate deposition and post-deposition 
behaviour in a segment of trachea was demonstrated. 

• Tracheal excision was improved for the ex-vivo studies. 
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In the in-vivo experiment we measured parameters to calculate the radiation dose delivered to the 
animals, but little effort was made to limit it due to the need to maximise the number of useful images 
and image quality that could be acquired from these non-recovery animals. The dose was calculated to 
be approximately 0.44Gy/sec or 0.04Gy/exposure for the 100ms exposures. Due to the thicker 
scintillator and better objective lens we were able to reduce the exposure length from ~300ms (as used 
in 2009A and 2008B experiments) to 100ms, producing a large reduction in the delivered dose. 
However, at present the dose remains too intense to consider animal recovery and repeated imaging, 
although the current rapid development of synchrotron and imaging technology suggest there will 
continue to be improvements in imaging hardware and analytical techniques such as motion-detection 
and particle tracking. Combined, they should lead to improved image resolution and higher light 
sensitivity, allowing smaller — and therefore more physiologically relevant — particulates to be 
detected and tracked.  

In summary, this project examined how different types of particles moved along the airways; and 
established the potential of this new non-invasive imaging method to assist in research into the 
initiation of childhood and other respiratory diseases that are related to particulate inhalations. 

Current and future issues/challenges 
The aerodynamic diameter of inhaled particulates must be less than 10 μm to be inhaled into the lung 
of humans. An improvement in the minimum size detectable under PCXI will be important for ensuring 
biological relevance in future instillation or inhalation studies. 

The deposition of particles suspended in a carrier fluid is not physiologically normal. Particles are 
normally inhaled from the surrounding air where they are suspended in a dry form, and then deposit on 
the wet mucus covered airway surfaces. In future experiments we propose to deposit dry particles to 
examine their deposition characteristics and post-deposition behaviour, and to determine how these 
differ to the behaviour when the particulates are delivered suspended in a carrier fluid. 

References 
[1] M. Donnelley, et al., "Real-time non-invasive detection of inhalable particulates delivered into 
live mouse airways," Journal of Synchrotron Radiation, vol. 16, pp. 553-561, 2009. 
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transit behaviour on live mouse lung airways," Respirology, vol. Submitted Jan, 2009. 
[3] M. Limberis, et al., "Recovery of airway cystic fibrosis transmembrane conductance regulator 
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Journal of Gene Medicine, 2009. 
[5] B. R. Grubb, et al., "Mucociliary transport determined by in vivo microdialysis in the airways 
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[6] D. W. Parsons, et al., "High-resolution visualization of airspace structures in intact mice via 
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Status of publication and patent 

We are currently preparing a manuscript that includes results obtained during this experiment. Some of 
these results were also presented at the Medical Applications of Synchrotron Radiation 2010 
conference (Melbourne) in February, will be presented at the Australian and New Zealand Respiratory 
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Scientists Meeting (Brisbane) in March, and are contained within the following submitted paper: 

 
M. Donnelley, D. Parsons, K. Morgan, K. Siu, “Animals In Synchrotrons: Overcoming Challenges For 
High-Resolution, Live, Small-Animal Imaging”, AIP Proceedings, 2010. (Currently Under Review). 

Keywords and annotations 
particles; pollution; airway surface; lung; trachea; mucociliary transit; non-invasive; synchrotron 
radiation; X-ray imaging; X-ray phase-contrast; radiography; mouse; 
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2009B1927 BL40XU 

retrospective 4D in vivo-CT
Development of high-speed retrospective 4D in vivo-CT system  

with quasi-monochromatic beam 

aa aa b b

Toshihiro SERAa, Hideo YOKOTAa, Kentaro UESUGI,b Naoto YAGIb
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BL40XU X 4D in vivo-CT

CT

We developed a high-speed 4D in vivo-CT using high flux X-ray and high-speed camera at BL40XU.  In 
visualization of a living animal, breathing and cardiac motion causes serious motion artifacts in the 
reconstructed images, including blurring of the lungs and hearts.  Previously, to reduce these motion artifacts, 
the projections are acquired prospectively in synchrony with the ECG and airway pressure. In this study, the 
projections are acquired retrospectively without any triggers during acquisition and are sorted into the different 
number of phase bins after a complete acquisition.  This method is possible to reduce scan time in 
visualization of airway and cardiovascular dynamics.   
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Histopathological analysis of gastrointestinal injury by trace elements
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artifact

Abstract 
We examined the content and distribution of copper in the gastrointestinal epithelium of patients with copper 
deficiency treated with the Cu supplementation. The results were compared with those of a control subject with 
normal copper metabolism. The copper content in the patient’s intestinal mucosal region was relatively higher 
than controls, suggesting that Cu transport from the intestinal epithelium to the blood flow was interrupted 
because of deficiency of ATP7A. In addition, lymphectasia in the mucosa propria was seen. The gastrointestinal 
damage in the patients with the copper deficiency disorder may be explained by copper accumulation in the 
epithelial cells due to the original pathogenesis. 
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2009B1925       BL37XU

Histopathologic basis of neuronal tissues by microbeam XRF analysis
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Abstract 
We examined the content and distribution of copper in the spinal cord of patients with copper deficiency and 
with neurodegeneration. The results were compared with those of a control subject with normal copper 
metabolism. The copper content in the spinal cord was very low but iron and zinc were detectable. Using these 
elemnts as a guide of neuronal components, we established an appropriate protocol to examine neuronal tissues 
and cells. The decrease of Cu level and increase of Fe level in the copper decificiency indicated that abnormal 
Fe deposition may be occurred by the dysfunction of cuproenzymes involved in iron metabolism. With the 
condition, we are now able to distinguish neuronal components at cellular level. Analysis of the 
neurodegenerative disorders is in progress. 
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2009A1877       BL40XU 

pH

Effects of decreasing extracellular pH  
on myocardial actin-myosin interaction 
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Background: Acidosis is known to produce myocardial contractile dysfunction due to a decreased Ca2+

sensitivity of the myofilaments and an attenuated function of the sarcoplasmic reticulum (SR). Purpose: To 
investigate the effect of the acidosis on the actin-myosin interaction using x-ray diffraction technique at 
SPring-8.  Methods: We used seven isolated and langendorff perfused rat hearts and recorded x-ray diffraction 
images and LV pressure at HR of 240 bpm. We analyzed the actin-myosin interaction by (1,0)/(1,1) intensity 
ratio. Results: Decreasing pH significantly decreased developed LVP and significantly increased systolic 
(1,0)/(1,1) intensity ratio. Conclusion: This study revealed the relation between the decreased developed LVP 
and reduced actin-myosin interaction.  
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2009A1879 / Medical Bio EX 
Application of a novel bismuth nanoparticle contrast agent to synchrotron X-ray imaging 

Project Leader James Pearson, Department of Physiology, Monash University 
Team: Keiji Umetani, Mikiyasu Shirai, Takashi Sonobe, Mat Jenkins.
Performed at BL28B2

Research purpose and background
Cardiovascular disease causes much of the morbidity and mortality in the developed world. In 
particular, chronic vascular diseases such as atherosclerosis and hypertension kill many people 
every year as a result of stroke, myocardial infarction and chronic kidney disease. An even greater 
number of patients undergo X-ray imaging to determine the extent of vascular dysfunction or 
occlusion with the aid of contrast agents based on iodinated compounds. While X-ray 
angiography and computed tomography require ionizing radiation, magnetic resonance imaging 
does not. Clinical X-ray angiography provides the best spatial and temporal resolution of arterial 
vessels (200-300 microns), and can be implemented for imaging any organ system. On the other 
hand, MR imaging can take minutes to record when cardiac and respiratory gating are employed 
to minimize the motion artefacts that limit this modality’s utility for vascular imaging. More 
importantly, in order to understand the pathophysiology of many cardiovascular diseases it is 
important to be able to resolve smaller arterial vessels, the so-called resistance vessels. In organs 
such as the heart, lung and kidney visualizing small vessels by clinical angiography requires 
selective arterial infusion of contrast media to (i) distinguish arterial vessels within the complex 
vascular networks and (ii) achieve a sufficiently high concentration of iodine in the small vessel 
to enable detection. Many of us now believe that synchrotron X-ray imaging has become the gold 
standard for vascular imaging, as it is now possible to visualize 20-80 m diameter vessels with 
iodinated agents. 
 Rabin et al. [1] report that 0.5 M solutions of the inert bismuth sulphide nanoparticles (BSN) 
produced similar X-ray absorption to that of iodinated contrast media (350 mg/ml iodine) 
routinely use in the clinic, and by us at Spring-8. Low resolution CT images were included in that 
study to demonstrate radiopacity of the heart, aorta and large arteries in mice. Unlike commercial 
iodinated agents, bismuth nanoparticles in solution are equi-osmolar with blood and low viscosity. 
Further, these authors reported a circulation time for a bolus of nanoparticles lasting several hours, 
before the particles were removed by the liver. We speculate that the high X-ray absorption of 
bismuth nanoparticles and long circulation times could provide higher resolution synchrotron 
microangiography images than is currently achievable with iodinated agents. Even at 33 keV, 
well below the K-edge of Bi, the X-ray attenuation of Bi is at least 5 times that of soft tissue. 
Since a single bolus injection of bismuth sulphide nanoparticles circulates for an extended period 
of time it might be possible to achieve continuous image recordings of the vasculature under 
different drug administration protocols in the same animal. 

Experimental / analytical method
The main objectives of this study was to determine whether bismuth sulphide nanoparticles can 
provide more detailed and higher resolution images of the microvasculature than is currently 
achievable with iodinated agents, and to determine which organ systems are amenable to imaging 
in the mouse. BSN was dissolved in phosphate buffered saline and warmed to 37 oC under 
sonication for 30 min. In mice (C57Bl6, 10 weeks old) anaesthetized with pentobarbitone (50 
mg/kg) we injected a 100 l bolus of BSN through an arterial cannula (carotid artery) and 
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recorded images with the SATICON imaging and shutter system described in our earlier 
proposals (field of view 9.5 mm square).  

Research results
BSN was injected into mice by remote injection, but arterial vessels were not clearly defined in 
the angiograms of any mouse. Imaging of a glass container with BSN stock solution revealed that 
radiopaque particles were present. Hence we found that BSN in our hands did not remain 
radiopaque in the in vivo mouse body for several hours as originally claimed, and that 0.5 M 
solution was insufficient for accurate recording of small vessel calibre.  

Current and future issues / challenges
Further work in our lab is required to improve the BSN formulation for dynamic X-ray imaging 
requirements. Our collaborator Dr Massimiliano Massi (Curtin University of Technology, 
Australia) has now formulated an improved bismuth sulphide particle solution that remains 
soluble for extended periods. Subsequent to inhouse testing of the new particle solution’s stability 
under simulated physiological conditions, in the presence of citrates and phosphates, we will 
attempt further testing of X-ray opacity in vivo.

Reference
[1] Rabin O, Manuel Perez J, et al. Nat. Mater. 5:118-22, 2006.

Status of publication and patent
It is hoped that a publication will be possible after further testing of modified particle solutions. 

Keywords and annotations
contrast angiography – method of enhancing visualization of the structure and function of the 

vasculature by increasing blood X-ray absorption by infusion of contrast agents. 
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2009A1886 BL45XU

Altered nano-order elasticity and crossbridge kinetics in failing 
myocaridium
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Elasticity of ten living cardiomyocytes was measured by an atomic force microscope (AFM). Elasticity of 
cardiomyocytes was significantly higher in ISOPROTELENOLE(ISO) group than in control.  X-ray 
diffraction analysis revealed that intensity ratio ((1,0)/(1,1)) at diastole was significantly increased after BDM 
in ISO group (P<0.005), indicating that proportion of myosin heads in proximity to actin was reduced by BDM. 
In conclusion, cardiomyocyte stiffness was increased in hearts with ISO-induced hypertrophy. This was caused 
by incomplete relaxation. 

Background: We hypothesized that 

cardiomyocyte stiffness in transverse direction is 

increased in hypertrophied hearts.  

Methods and Results: Male Wistar rats received 

a vehicle (control), isoproterenol (ISO) or 

ISO+ 1-blocker metoprolol (MET) 

subcutaneously.  After 7 days, compared with 

those in control and ISO+MET groups, ISO 

administration had increased left ventricular 

(LV) wall thickness (P<0.05), and increased LV 

end-diastolic pressure (P<0.05).  Elasticity of 

living cardiomyocytes was measured by an 

atomic force microscope (AFM) [1] (Fig A).  

Elasticity of cardiomyocytes was significantly 

higher in ISO group than in control and ISO + 

MET groups (Fig B).  Butanedione monoxime 

(BDM), an inhibitor of actin-myosin interaction 

and blebbistatin, a specific myosin II inhibitor, 

significantly reduced the elasticity of 

cardiomyocytes in ISO group (Fig B).  X-ray 

diffraction analysis[2] revealed that intensity ratio 

((1,0)/(1,1)) at diastole was significantly 

increased by BDM in ISO group (P<0.005), 

indicating that proportion of myosin heads in 

proximity to actin was reduced by BDM. 

Conclusions: Cardiomyocyte stiffness in 

transverse direction was increased in hearts with 

ISO-induced hypertrophy.  This is caused by 

incomplete relaxation. 
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RESEARCH REPORT 

1. Proposal number: 2009B1917 

2. Title of experiment: Thin filament in ageing: Structure and function studied by X-ray 
diffraction 

3. Project leader: Julien Ochala, Ph.D., Department of Clinical Neurophysiology, Uppsala 
University (Sweden) 

4. Beamline used: BL45XU (small-angle scattering station) 

5. Research background and purpose: Falls are a major cause of morbidity and mortality 
in the growing population of elderly citizens. They are commonly associated to 
sarcopenia, i.e., condition referring to a loss of skeletal muscle mass and strength in 
elderly individuals.  

At the muscle cell level, measurements have shown impairments in the contractile 
properties that may explain, in part, why older men and women suffer from muscle 
weakness. More specifically, an age-related decline in the ability of muscle fibres to 
generate force has been reported suggesting that the intrinsic characteristics related to 
the mechanics of myosin-thin filament interaction, i.e., cross-bridge, are altered with 
ageing. To date, studies have primarily focused on characterizing the myosin alterations, 
ignoring the thin filament changes. Consequently, the aim of the present proposal was 
to characterize whether and how the structure and function of the thin filament is 
modified in elderly individuals.  

6. Experimental methodology: We performed X-ray diffraction experiments on 
membrane-permeabilized muscle fibres coming from biopsy sample specimens from 
young and older individuals. The experiments were carried out using the SPring-8 
synchrotron radiation facility (Harima, Hyogo, Japan).  On the day of experiment, muscle 
fibres were dissected and mounted in arrays of 30 fibres.  X-ray diffraction patterns 
were recorded for each array of 30 membrane permeabilized fibres in relaxing (low 
[Ca2+]) and activating (high [Ca2+]) solutions by using a cooled CCD (charge-coupled 
device) camera (C4880, Hamamatsu Photonics, 1000 × 1018 pixels) in combination with 
an X-ray image intensifier (V5445P, Hamamatsu Photonics).  The wavelength was 0.09 
nm, and the specimen-to-detector distance was ~2 m.  To compensate for the relatively 
small dynamic range of the detector, absorber masks made of aluminum and copper 
were placed at the center of the image intensifier. The exposure time was ~2 s, and 
usually several to tens of patterns were summed to obtain a final image to be analyzed. 
The four quadrants of the image were folded after correction for the fiber inclination, 
and the background was subtracted.   
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7. Research results: More than 30 arrays of 30 fibres were included. Briefly, in young 
fibres during activation, with full overlap (2.70 m), the 2nd actin layer line (ALL) is 
enhanced along with the 6th and 7th by the addition of calcium (Red and blue colors 
indicate the area with increased and decreased intensities after activation, respectively). 
In older cells, the enhancement of these ALLs looks weaker, but is not significantly 
different. Further experiments are needed to draw a reliable conclusion.  

8. Current/future issues: All the data are promising but need to be confirmed by further 
experiments.  

9. Status of publication: More experiments using X-ray diffraction are needed before 
submitting the data to a scientific journal. 

10. Key words: Ageing, muscle, thin filament, structure and function. 
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RESEARCH REPORT 

1. Proposal number: 2009B1918 

2. Title of experiment: Thin filament myopathies: Understanding the molecular 
mechanisms using X-ray diffraction 

3. Project leader: Julien Ochala, Ph.D., Department of Clinical Neurophysiology, Uppsala 
University (Sweden) 

4. Beamline used: BL45XU (small-angle scattering station) 

5. Research background and purpose: Since their first discovery in 1995, more than 140 
different mutations in genes coding thin filament proteins have been identified. They 
are notably located in TPM2 and NEB genes encoding -tropomyosin and nebulin, 
respectively. These mutations are associated with severe muscle weakness and a range 
of other clinical and histopathological features known as thin filament myopathies.  

The specific aim of the present proposal was to define the molecular mechanisms 
underlying muscle weakness in thin filament myopathies by investigating how two 
different mutations specifically alter thin filament behavior.  

6. Experimental methodology: We performed X-ray diffraction experiments on 
membrane-permeabilized muscle fibres coming from biopsy sample specimens (i) from 
patients with a thin filament myopathy and carrying a -tropomyosin mutation (R133W) 
or a nebulin mutation, and (ii) from healthy controls. The experiments were carried out 
using the SPring-8 synchrotron radiation facility (Harima, Hyogo, Japan).  On the day of 
experiment, muscle fibres were dissected and mounted in arrays of 30 fibres.  X-ray 
diffraction patterns were recorded for each array of 30 membrane permeabilized fibres 
in relaxing (low [Ca2+]) and activating (high [Ca2+]) solutions at full-overlap (2.70 m) and 
non-overlap (> 3.60 m) by using a cooled CCD (charge-coupled device) camera (C4880, 
Hamamatsu Photonics, 1000 × 1018 pixels) in combination with an X-ray image 
intensifier (V5445P, Hamamatsu Photonics).  The wavelength was 0.09 nm, and the 
specimen-to-detector distance was ~2 m.  To compensate for the relatively small 
dynamic range of the detector, absorber masks made of aluminum and copper were 
placed at the center of the image intensifier. The exposure time was ~2 s, and usually 
several to tens of patterns were summed to obtain a final image to be analyzed. The 
four quadrants of the image were folded after correction for the fiber inclination, and 
the background was subtracted.   

7. Research results: In control fibres at full-overlap, the 6th ALL is enhanced by 11% 
upon addition of Calcium whereas the 2nd ALL is enhanced by 20%. The 7th is also 
enhanced. In control non-overlap fibres, the profile of the 6th ALL slightly shifts outward, 
and its intensity is almost unchanged after addition of Calcium. The 2nd ALL is enhanced 
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by 15.5% upon addition of Calcium. This is consistent with previous data and supports 
the idea that the thin filaments need attached cross-bridges, as well as Calcium, to be 
fully activated. 

The fibres carrying the -tropomyosin mutation (R133W) at full-overlap shows weaker 
enhancement of the 2nd ALL (13.5%) as compared with controls. This means that the 
thin filaments are not fully activated even at saturating Calcium. The 6th ALL is 
enhanced by only 2.5%, demonstrating that the inhibition of tropomyosin movement 
causes an inhibition of actin conformational change. The enhancement of the 7th ALL is 
not evident. In non-overlap fibres (R133W), the enhancement of the 2nd ALL is also 
weaker (12.7% vs. 15.5% for controls) suggesting that thin filaments activation is due to 
calcium disrupted signal and cross-bridges non-attachment. 

In fibres carrying the nebulin mutation (NEB) at full-overlap, the enhancement of the 
2nd ALL seems weaker than in control (16% vs. 20%). This means that the thin filaments 
are not fully activated even at saturating Calcium exactly as for R133W. However, in 
non-overlap fibres (NEB), the enhancement of the 2nd ALL is indistinguishable from 
controls, suggesting that thin filaments activation is only due to cross-bridges non-
attachment. 
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8. Current/future issues: All the results taken together are promising and represent 
important features for the understanding of the thin filament myopathies. 

9. Status of publication: Data will be soon sent to a scientific journal. 

10. Key words: Muscle disease, gene mutation, tropomyosin, nebulin, structure and 
function. 
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Analysis of Development of Myocardial Hexagonal Lattice and 
Excitation-Contraction Coupling in Neonatal Rat Heart 
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X

We have investigated the time course of the postnatal development of hexagonal lattice by analyzing the X-ray 
diffraction patterns obtained from the neonatal rat and rabbit hearts. 
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2009A1874       BL40B2 

Study of reaction mechanism of molecular chaperone suppressing 
protein conformational diseases. 
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SpHsp16.0 X
SpHsp16.0 16 2

X-ray solution scattering profiles of small heat shock protein, SpHsp16.0, were measured. We revealed 
SpHsp16.0 lengthen its size during temperature induced 16mer-2mer dissociation. We also observed the 
process that SpHsp16.0 protect unfolded protein from aggregation. 
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2009A1876       BL40B2

Determination of microstructure and thermotropic behavior of 
intercellular lipid lamellar structure in human stratum corneum 

a b b b

Yasuko Obataa, Ichiro Hattab, Noboru Ohtab, Naoto Yagib

a b

a Hoshi University, b SPring-8/JASRI 

13 nm 6 nm

Abstract 
The intercellular lipids in human stratum corneum formed long and short lamellar

structure whose repeat distance is 13 nm and 6 nm, respectively. Furthermore, those lamellar might be 
organized hexagonal and orthorhombic lattice packing. From the results of the time-resolved synchrotron 
WAXD, high-temperature hexagonal packing was observed at around 50 C. It was suggested that human 
stratum corneum have almost similar lamellar structure to mice and rats stratum corneum. Moreover, the 
diffraction peak derived from the high-temperature hexagonal packing became weak when l-menthol was 
administered. Thus, it was suggested that l-menthol affected to orthorhombic packing at physical temperature.
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Fig.1 Small (a) and wide (b) angle X-ray 

diffraction profiles of intercellular lipids in 

human stratum coneum.
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Fig.2 Contour map of wide angle X-ray 
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Fig.3 Change of proportion in lateral packing of 

lipids in untreated human stratum corneum as a 

function of temperature
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Fig.4 Change of proportion in lateral packing of 

lipids in human stratum corneum treated by 

l-menthol as a function of temperature 
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Biochim.Biophys.Acta, 1758, 1830-1836 (2006).
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X
X-ray crystallographic analyses of 3-D organic complex for 
development of novel functional pharmaceutical materials

a a a a, b

a a c

Hyuma Masua, Masatoshi Kawahataa, Kosuke Katagiria, Wataru Setakaa, Hiroshi Danjob,

Isao Azumayaa, Kentaro Yamaguchia, Keiko Miurac.

a b c

aFaculty of Pharmaceutical Sciences at Kagawa Campus, Tokushima Bunri University, 
bFaculty of Science and Engineering, Konan University, 

cJapan Synchrotron Radiation Research Institute

X
X

The steric structures of the novel 3-D macrocyclic complexes applied to functional pharmaceutical materials 
were elucidated by micro crystal X-ray analysis. The macrocyclic compounds have characteristic structure 
based on the stereo chemistry of their components and form a cavity in which guest molecules are included. 

DDS

SPring-8 2008B 

1981

1

�����



m

X Bruker

ApexII

0.7 Å

80 mm

75 mm X
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CrystalStructure
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DDS

Fig. 1  Scheme of conformational change from 1 to 2

(above). Crystal structure of 2 (below). C54H54N6O6, FW 

= 883.04, Monoclinic, P21/c, a = 14.658(1), b = 

22.457(1), c = 15.795(1) Å,  = 105.494(1)°, V = 

5010.4(5) Å3, R1 = 0.0798(I > 2 (I)). 
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0.9 Å

3

Fig. 2

SPring-8
1

DDS

Fig. 2  Chemical structure (above) and crystal structure 

(bellow) of 3. C81H75B3N6O12, FW = 1356.96, 

Monoclinic, P21/n, a = 11.360(1), b = 37.056(1), c = 

19.087(1) Å,  = 92.314(1)°, V = 8028.2(9) Å3, R1 = 

0.0646(I > 2 (I)). 

1. H. Danjo, K. Hirata, S. Yoshigai, I. Azumaya, 

K. Yamaguchi, J. Am. Chem. Soc., 131,

1638–1639 (2009). 

2. H. Masu, T. Okamoto, T. Kato, K. Katagiri, M. 

Tominaga, H. Goda, H. Takayanagi, I. Azumaya, 

Tetrahedron Lett., 47, 803–807 (2006). 

Macrocyclic compound, 3-D complex, Micro 
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2009A1883        BL40B2 

Drug Incorporation into an Amphiphilic Polymer Micelle Explored with 
Synchrotron SAXS 

aa aa aa aa aa b b

Isamu Akibaa, Naotaka Teradaa, Satoshi Hashidaa, Yusuke Akinoa, Kohei Kamemotoa, Hiroyasu Masunagab,

Kazuo Sakuraia

a b /SPring-8 
aThe University of Kitakyushu, bJASRI/SPring-8  

-b- ( , - -L- )(PEG-PBLA)
(LE540) X (SAXS)

LE540 PBLA
LE540

LE540

Incorporation of hydrophobic drug (LE540) into a micelle consisting of poly(ethylene glycol)-block-
-benzyl-L-aspartate) (PEG-PBLA) was explored with synchrotron small-angle X-ray scattering (SAXS) 

measurements in vacuo. ecause the diffraction peak attributed to long period of PBLA in hydrophobic core was 
vanished by adding LE540, the hydrophobic drug is incorporated into hydrophobic core of the PEG-PBLA 
micelle with core-shell architecture. Analyses of the absolute forward SAXS intensity and by fitting with 
theoretical model revealed that incorporation of LE540 into the hydrophobic core induced drastic reduction of 
the scattering-length density, volume expansion of the core and increment of aggregation number without any 
changes of solvation of hydrophilic PEG chain. 
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Fig. 1. MAXS profiles of PEG-PBLA micelles loaded 
with LE540.
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Fig. 2. Guinier plots of PEG-PBLA micelles loaded with 
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Fig. 3. SAXS profiles of the PEG-PBLA micelle with 
LE540 content of 8.3 wt% for PEG-PBLA. Solid lines 
are theoretical curves of the core-shell model taking the 
size distribution into account.

Fig.3 LLE540=8.3 wt%
SAXS

Table 1
Fig. 3 Rc LLE540

Fig. 4
Nagg

PBLA c A
agg

PBLA PBLA

x V NN
M
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PBLA Vc PBLA

PBLA
Table 1 ( )

LLE540

PBLA LLE540
3.0 5.8 wt%

PBLA

Fig. 4 PBLA

LE540
LE540

PBLA
PEG-PBLA

Table 1 Characteristic parameters for PEG-PBLA/LE540 
micelles resulted from fitting analyses using core-shell 
sphere model. 

LLE540
/wt% for 

PEG-PBLA 
RC/nm RS /nm c /cm-2

s /cm-2

0 5.9 12.5 1.38 1011 9.58 1010

1.4 5.9 12.5 1.35 1011 9.58 1010

3.0 6.1 12.3 1.28 1011 9.55 1010

5.8 6.7 12.5 1.25 1011 9.55 1010

8.3 6.9 12.5 1.23 1011 9.55 1010

Fig. 4. Plots of Rc and aggregation number of 
PEG-PBLA for a micelle against LLE540.

1. Zhang, L. F.; Eisenberg, A. Science 1995, 268,
1728-1731. 

2. Kakizawa, K.; Kataoka, K. Adv. Drug 
Delivery Rev. 2002, 54, 203-222. 
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Kawano, K.; Maitani, Y. J. Drug Targeting
2004, 12, 373-384. 

4. Orthaber, D.; Bergmann, A.; Glatter, O. J. 
Appl. Cryst. 2000, 33, 218-225. 

5. Feigin, L. A.; Svergun, D. I. Structure 
Analysis by Small-angle X-ray and Neutron 
Scattering; Plenum Press: New York, 1987. 
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2009A1885 BL40XU

The effect of phosphoryl oligosaccharides of calcium and/or fluorine 
on recrystallization of tooth enamel 

a, a, a, a,
b, b, b, a

Tomoko Tanakaa, Sawako Ishiduka a, Hiroshi Takii a, Hiroshi Kamasaka a,
Noboru Ohta b, Tatsuhito Matsuo b, Naoto Yagi b, Takashi Kometani a,

a ( ) , b

aHealth Science Laboratory, Ezaki Glico Co.,Ltd, bThe Japan Synchrotron Radiation Research 
Institute, 

POs-Ca®

POs-Ca
(HAp) SPring-8 BL40XU

X POs-Ca
214

Phosphoryl oligosaccharides of calcium (POs-Ca) enhance the remineralization in early 
caries legions. In the previous studies,  we revealed that hydroxyapatite crystallites were 
restored and oriented in the similar way as those in sound enamel in the remineralized region by 
POs-Ca In this study, we found that the combined application of POs-Ca and fluoride, which was 
known to have the preventive effect of caries, further enhances recrystallization of enamel by 
wide-angle X-ray diffraction analysis at SPring-8 BL40XU. 
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Study of reaction mechanism of molecular chaperone suppressing 
protein conformational diseases. 

aa b cc c

b c

Toshihiko OKAa, Ryuichi ISHIDAb, Tetsuya ABEc, Taro KANZAKIc, Taichi TOMONARIc,

Kazuki MORIYAc, Hideaki ITOHb, Masafumi YOHDAc

a b c

aShizuoka University, bAkita University, cTokyo University of Agriculture and Technology 

HSP60 X HSP60 ATP
ATP HSP10

HSP60

X-ray solution scattering profiles of HSP60, were measured. We revealed HSP60 formed single-rings 
without ATP, but a part of HSP60 formed double-rings with ATP. The ratio of double-rings were increased with 
HSP10. HSP60 with a transfer signal sequence to mitochondria formed much double-rings than HSP60 without 
the sequence. 
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Fig.1. Profiles of solution X-ray scattering of HSP60 
with and without nucleotides.  
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X

Absolute structure determination of dehydroabietic acid analogs and 
thioamide oligomers for development of biologically active agents using 

small single crystals by synchrotron X-ray diffraction method 

a a a a b

Hyuma Masua, Masatoshi Kawahataa, Isao Azumayaa, Kentaro Yamaguchia, Keiko Miurab.

a b

aFaculty of Pharmaceutical Sciences at Kagawa Campus, Tokushima Bunri University, 
bJapan Synchrotron Radiation Research Institute 

Absolute structures of organic small molecules expected bioactivity were determined by use of anomalous 
dispersion of heavy atoms. Rapid and certain determination of absolute structure for micro crystal was 
established by synchrotron X-ray diffraction with flexible changing of wavelength. 
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Fig. 1. Three compounds containing heavy atoms.

Table 1

0.7Å

15–60

S Cl

1.3Å

20–90

HKL2000

(scaleano) Shelxs-97

Shelxl-97

0.7 Å

Table 1. Conditions of Structural Analysis for 1–3.

Compound 1 2 3

Crystal Size ( m) 100 50 20 200 30 10 300 30 10

Temperature (K) 100 298 100

Distance (mm) 75 75 75

Wavelength (Å) 0.7 1.3 0.7 1.3 0.7 1.3

Exposure Time (s) 2 1 20 40 15 10

-Step (°) 1 3 1 1 2 2

-Range (°) 0–180 0–180 0–180 0–180 0–180 0–180

No. of Frames 180 60 180 180 90 90

1

1

C16H19NO2S, MW289.39

Table 2 Flack parameter

0

0.7 Å

2.1

1.3 Å

0.7 Å

3.7

300 S

1.3 Å

Table 2. Structural Analysis for 1.

Compound 1

Formula, F.W. C16H19NO2S, 289.39

Crystal System, Orthorhombic

Space group P212121

a, b, c (Å) 9.961(5), 10.651(5), 13.963(5)

V (Å3) 1481(1)

Z 4

Wavelength (Å) 0.70 1.30

Resolut ion (Å) 0.67 1.26

R1(all data) 0.0324 0.432

Rw (all data) 0.0922 0.1150

GOF 1.048 1.139

Reflect ion No. 13760 2004

Correct1) 1839 541

Incorrect2) 893 146

Correct/Incorrect 2.1 3.7

Flack Parameter 0.00(5) 0.000(6)

1) Number of Bijvoet pairs: Fo/ Fc > 0. 

2) Number of Bijvoet pairs: Fo/ Fc < 0. 

2

2 C27H39N3O4S2,

MW533.75 Table 3

Fig. 2
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0.7 Å

1.6 1.3 Å 4.3

1.3 Å

Table 3. Structural Analysis for 2 and 3.

Compound 2 3

Formula, F.W. C27H39N3O4S2, 533.75 C21H27Cl2NO3, 412.35

Crystal System Orthorhombic Orthorhombic

Space Group P212121 P212121

a, b, c (Å) 7.203(1), 13.912(3), 28.665(6) 10.125(5), 31.119(5), 32.472(5)

V (Å3) 2873(1) 10231(6)

Z 4 16

Wavelength (Å) 0.70 1.30 0.70 1.30

Resolut ion (Å) 0.67 1.25 0.67 1.25

R1(all data) 0.0443 0.0462 0.1649 0.1154

Rw (all data) 0.1059 0.1200 0.3490 0.2880

GOF 1.086 1.108 1.067 1.342

Reflect ion No. 7764 924 27671 4404

Correct 1820 282 4203 1191

Incorrect 1144 65 3652 622

Correct/Incorrect 1.6 4.3 1.1 1.9

Flack Parameter 0.00(5) 0.13(4) 0.13(8) 0.13(4)

Fig. 2. Crystal Structure of Thioamide oligomer 2.

3

33 C21H27Cl2NO3, 412.35

Table 3

4

Hexane 2

N-H---O

Fig. 3

BK

0.7 Å

Flack parameter

0.13(8)

1.1

1.3 Å

1.9

Fig. 3. Crystal Structure of dichlorodehydroabietic acid 

3. Dashed lines represent N-H---O hydrogen bonds.

Clegg guideline2 Mo
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parameter
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1. T. Hori, Y. Otani, M. Kawahata, K. 

Yamaguchi, T. Ohwada, J. Org. Chem. 2008,

73, 9102–9108. 

2. W.Clegg, Acta Cryst.,2003,E59, e2–e5. 

Bioactive substances, Organic Small Molecules, 
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2009B1924    BL40B2 

 Effect of menthol related compounds on the lipid lamellar structure in 
stratum corneum and cooling activity 

aa b b b a

Yasuko Obata a, Ichiro Hatta b, Noboru Ohta b, Naoto Yagi b, Kozo Takayama a

a b

a Hoshi University, b SPring-8/JASRI 

l-

d-

Abstract 
The typical component of transdermal delivery system and topical formulation, l-menthol, has strong and 

transient cooling activity. It has already clarified that l-menthol prevent the formation of high-temperature 
hexagonal packing of intercellular lipids in stratum corneum. In contrast, the formation of high-temperature 
hexagonal packing was not affected by the administration of d-limonene which excellent permeation enhancer 
for hydrophobic drugs or menthol related compound that has weak and sustained cooling activity. Thus, it was 
suggested that the cooling activity and contribution of disruption of lipid packing correlated each other. 
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