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Application of Synchrotron Radiation for Biological Experiments at NIRS

R

Y. Furusawa

Abstract

A new field of radiobiological studies using
synchrotron radiation has established in late
1970's in Japan. The first experiment in
vacuum-UV region has started at the SOR-ring
of Tokyo university by a co-operation group
from universities and NIRS researchers. The
study was expanded into soft-X-ray region
using PF at KEK by the same group. The
study has started with beam-line construction
and establishment of experimental apparatus.
- There are many findings under very accademic
radiobiological interests also applicable studies
for cancer treatments such as radiobiological
effects by the Auger cascade.
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Abstract
Several experiments have been made since 1993 on medical application of
synchrotron radiation in cooperation of Research Center of Charged Particle Therapy,
National Institute of Radiological Sciences and High Energy Accelerator Research
Organization, Institute of Materials Structure Science. In the last one performed in
may 1996, statistically significant difference was proved in an absorbed coefficient of

monochronal X-ray produced from synchrotron radiation between fresh tissues of
hepatocellular carcinoma and liver cirrhosis.
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BHEECENTELIEERLTV S,
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R R PN EROKETH S G Ak 5 L EAERROEEORF ORBRITGER I TR
REISELI LKL, ARBEHIEX L LT - VR IEE, BBEOBZANVF—-BF 2 HH &
naNT, ENFBLEZONBEIANVK-OBEIFHFEICEL 2 ), BLETH T & Ao VEW%)
RBETED, AL TH o L BBEELRFGFTHADNAKIRY Y7 B3 EInL VY Y EFH
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ENESENRL HDNABRBIERT H20H, L) 500HBEL 6N D, BAHICESZEORRE
Bk ELAWIERD S, 5T 2DNABBOEIRL56 L wIiESBOL TV, 20ICH
L TREREMR BT APCCHEC & o THREBKIMFR LA L TAH, RENE BDNBERES
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GAFVICRBIERFALTI VA NONERAETEODTH S,

A4 v ORBLIERIZ, T TIbnbhdt i L 22#R ot J. Radiat. Biol., 68 (1995),113) & 8% UAHIE
YEILT, XBOZRINVX—LHICBA Lo THIRROBICHHETE L, KXBOKEHRICL-T
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BRENRTOENEB XD I NNV ENEE
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AT BFETIFOREIIRENRDHY, Boh-R
HRETIEEVETERENS 22/, TOK
REFRRT DOBEROF R THLIHEBE, b
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FATEZLERELE, KEVL 50603
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74 77— ORFTIE., EREARERICLERR
B4 150mmX150mmé LT, FE#KE

WLV BHEBIEREITHI> L 2MMEL, 33keV
XBROXTFEERKIZL, £O3EHMBETHD 9
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RHBRFNIESPr i ng—8DdifEBTo7, K
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5T 533ke VEVEWXBROFANEDTH S,
MEEEHOERSy L LTI VRSN F) =D
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Table1 Wigglers optimezed to K, energy of
Contrast Mediums, Their Parameters,
Flux and Average Flux Density

Contrast

Medium of

Gd 50.24] 26 14 32

Period| Number | Magnetic
. field

Periods gauss

Flux Density at Kab
2

/sec/mm
in 1%b.w

15 10

6200 1.2X10 5.3x10

Yb 61.33| 31 12 37

15§ 10

7300 1.3x10 5.7x10

recommended photon density on iodine contrast medium:

electron beam energy: 8GeV
beam current: 100mA

6x10'Ysec/mm? in 1% b.w.

X-ray exposure area at 225m: 15x15cm?

FNENDOTRXNAF—D XD 3 EFHABEH 3 %L
TeRBIIHKBENTHI L TELNE, RIIR
Ty AIERBEREY 1 00mALIKELLS
BOETH D, HREIERICEL T, XRox
RV E—BEL B BITRVMERN TORILDBE B 1=,
REDOHEB LB DICIIBRE~OBINBRELES
FTIENFEEEZOND,

BAXREEL LTT v Pal—2 2 AVSk L BN
BHERD I DIZEBEI 7 —RRA—/R—I 5 —%fF
AT5Z L bRBRBENTVS, TUoP¥2L—4#Tik
BEHDTRNAVE—DERY B/NEWD, 747
TITH AR E DR R RBER IR D L EZ
bhd, LrLBERTIRTS2ZRFELZHOLBIE
I5—RR—R—I5—DAFIIR#ETHY, Bo
BERHM b SLBELEXOND, ZODYEITY 4
TS5 —2RWBZLERRELE,

3. R XHOF A
HAXKREEDLLI—DODHEL LT, el
BN LOBEXRERAT 5 HERD S, BIZKR
DR XK THN S < . BERRE A EE XK
BE~OFANTELEX N5, ERXBEEANS
T OKRERREIL, WRE~OBRRF LTS 2
LRTEBILTHB, V47T —RBARELL

B 65 X AROD RSB 24150 B 7 IC 13 2 D FERHFRE
)7 aA—FEEILERD Y, KFELBD LS
EHRLREIND, —FREXREZEAXRET
L, ZORDOUENHHETES, HIZIEXRCT
DEFRGERICBWCER2MED—DIZ, BFIZxt
THEXBROBHEME L OBICEERIEENE NS
MDD, XKROBHFMEEELBE. BE
DEZEERI T LI ENYBE LD, BEICKER
MARREE XY, BRI BEOEMOEIZLE
WKL EN < FTREMEAS S B 72 &, $5-0H RN
Hb, ZORMBEORIFEDO—DL LT, BEXKRE
BEXKRE LTHAY, ¥XEXREBHT 24 —5y
FORBY ICBE LRI E FIRFICERR S & 5 5N
Zzbhb, BEIRKEFMIBE-b> BB H
Bz, EERIZ L BARER, BEOLBOBE 2K
INCT BT LTREL 22 B, EFFIRERERIZIT
FREAXBREFA LIEAEXBRA A - TRC
TZEELT, EHOBHELR T WS, ZOR
NERIZIIBEEGEHOT N — 25 %M 5 TE
ThHbH, RFIT7T P2 L —FEBFELTNS,
BRI L BHEAXBL, TV IFohbyS=y
LETOERTHROKZDHEMEXBREHNBEITT
b, BERICHATERZIVE—FEEN30ke V
~80keVoMiz, 2 0@ER/OND, —HI&



iT1E F26H Tablel —1TH
Contrast | Kab ¢c | Period | Number |Magnetic| Flux at |[Flux Density_at Kab
of field Kab /sec/mm
Medium keV | keV cm Period | gauss /(;ec in in 1%b. w.
1%b. w.
I 3.17 | 17 24 20 1000 |8.4x10°° 3, 7X10°°
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‘Table2 Fluorescent photon density
generated by undulator U024V

Target Metal "Ba .| Ce Sm | HO Yb | Au

Ka energy(keV) 32 35 40 48 52 69

total fluores. (x10'9) 18.1°| 15.7 10.3| 5.34! 4.74 | 1.40

photons i )

aperture of total photons 18.3 | 20.2 24.4 | 29.1 19 | o711

10uradX10urad in apert.(x10'9 '
photons/s/mm? -3.22 3.88 | 463 | 3.03 | 0.113}
at 1m(x10°%) :

" reference: X-ray tube 120 keV 4.0mm AI filler 20° W Target

mean photon energy=56.5keV »
Photon Flux at 75cm: 6.46x10°photons/mA/s/mm?
Usual current in operating X-ray CT: 200mA~800mA
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FRT Va2 L= L ONXERA LERN T
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B I EEERAICHEND,
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X BRFADREEIC L B 25 A D B2 OBl g
BE T [E Bk 4 ER 4 8 o

KR #, K ABF¥

1II LI

BAOEMBYIE, ABOEHTHD, 4 FETRAZRENTZEL ORBITH LWFEELR
MTEBNEID, PRV, B, T2 TH 03~3 keV FRIKO X HR% VT, 8 1
DL~ TONRABIFO TR DWTRE L TRV, '

X#EEROEEBSAZI, BERLIThbhATWS, ZOBADOHEET, XE 1T mm <
LWEEDLND, ELIKHKEMIEI IR ME2FIA LCERZIHIRE S, FREE
BEERLULWXBIRE L IR TRV EBRBWIERZED TV,

L2 L, BRAGIERFEANITHY, FRERRNT GRMAER, MBS KXo CHlfiah 3, BET
13, &5 DNA B LEERZR>TW5, T TR LT 501, T OFREBHOZT
SIFEE R LT B RMEEMORETH D, ffE 1 B~ME DL~ T, 10~30 nm D53 FRAETHI
JARNO—ED, BAELTWENE I pE2BMT2RATHD, BEIXHEBEMEEHW,
IR RY T2+ 52 LN TEhE, 2OFRERIESHDEVZ LD, UTOXE
T, RO XBRAMSOFIREBROBZESEMRL, KICERHIR) I Dv—5h
— & LT, cisplatin # W FE0ar b7 X M EBRET 5,

2. X BRSO FER &

XBREMB LRI NHITCH, KPILTHEXBRERXHEE D 5, RILFCKXHRE
MOFEEBOIE LKL, 30 nm ONFRETHREZELIZENTEILOIR -1, ThidE
WHFERF, BRI =T - ORBBILEFEDL EZANKEIV, X HBRBEME O—RAIRER
b, ICEES & LT (1], TR EE LT TAHRB L, '

(1) XX (FRICEER L IRFORIUROM) T, AOFEIZHbLLT, Bhwar + 5
A MBI END, A

QEEH 10 ym K BWVWETH, HbFEVRMELE L IRWVWT, RERTFTEDLNIY
fREET, REBET D L8 TE 5,

(3) BEDLEIIRVE, HEOERAESE L BRI N TEZ LILI Y, BEWEDO~
BT ETHIENTE D,

ZTdHod,

X 112 COS HiiaD HFEAMB I L O X MEAMES I L B IREH %R 2L,

Filt, BRFE DRSS DORIL A =7 hLOPHMEE) S, DNA L BB »5BEL TR
TXBAXFEBRELRBEL T3], £, FHREOBEIN, Ha TR MDA A
— VBTN b X i oic[4],

3. cisplatin & #ifie & D EAEMA
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BRI LD R X BRBEME OREAS, BADRMBIICEHTERWIES S 2, ik
13, BRERKEE HEHEEOCRBEIE L L OBRELTLHIHT, A BIE LTELHE
bHTW5 cisplatin v —Hh—& LTAVWSAEESRMLTAHS D LI LE[5],
cisplatin i3, cell line IZ X o T, VAENZENERY, EHIEERZ L1, HfH&ER 5
BbLRELS R %, T O cisplatin DOHFARN~DI Y AH B L O O 2~ %+ 5 &
T, cisplatin ORI A% XKBRBEMBE CBRETERWEA I NEVI DN, FFEOL
H5—DDBEMTH o, X1, LEOMIKHI- Y D cisplatin DI Y AL EEFT[6], LA
TiY, T?DX 572 cisplatin PHIERNICHH L&, BRELTHERaI PSR MBBESN
BENEIPEHE LL/ERTH S,

ERRAT -7, 2D X572 DNA BH o7& LT, DL tom @ Pt THEb
NTWIeE LT, EDKHLVDar 3R MPHRFERINEVIHETHD, M3 ICE
DORRETT, TORPLRO X BiERPEEHT I ENTES,

(1) Pt DE X3S 10 nm THALT, 2~4 nm OEREFEX T, 15~20 % O b5 X MBHFFT
&5, Thil&oosf FCRELEEEOa TR MY TS (&a2vs FTHREL
EAEN, V< Eb 50 nm ONRETBETLIZLNTES (®4) ),

Pt DEXICLY, a2 IR PMIRESRRD, DI LI, cisplatin OB E R D
BHEETHDH L ERET S,

Q) HELIZHREROF T, 28 nm L VEARRETHE, Wl IR XY, fifEz > b
FAMDED, BWary b TR MERT,

4. ¥EwR

M1 OB AALE RS FiEE LT, cisplatin #~v—A—& LT, XBREBEZHWTHE
BI5GB A0a PIRMEFMLTHIZ, b L, BMAMELEAT AL OMEERNE
AR L B2NiT, 30 om DORMET, ZOEVWEBRAIT AN TEHT LIVRENE
EEHSTRWVWERS, RETOLR TV AFREDZENL, MEO0—HE2RVHELTBRT IO
T, XBEBETCRIZ ) - VT2 B8TEHLELRS, SHERIIBEL R
HFLTWHXLN,

BE IR
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Small Vessel Radiaography using Synchrotron Radiation
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Abstract

We developed an angiographic system using
monochromatized synchrotron radiation (SR)
with an energy of just above the K-absorption
edge of iodine (33.3 keV) and a high-definition
TV camera systems using a high-sensitive
image pick-up tube camera. This
microangiography would be a useful tool for
clinical evaluation of  microcirculatory
disorders and angiogenesis. Visualization of
penetrating transmural arteries of the heart and
perforating arteries arising from the circle of
Willis or its major branches improves
sufficiently the diagnosis of ischemic heart
disease and cerebrovascular disease, such as
syndrome X of the heart or small cerebral
infarction.  This might also allow us early
vascular

their

detection of the atherosclerotic
involvement and prevention of
propagation before serious clinical events.
Visualization of newly developed small vessels
due to angiogenesis should be useful to
differentiate malignant tumors from benign

ones at an early stage. A gene therapy

g it 2

inducing  angiogen ¢ substance  for

atherosclerotic circulatory disorders in lower

limb is already in clinical trial, and might be
expanded to circulatory disorders in heart or
brain. Possibility of a gene therapy inducing

anti-angiogenit substance for treatment of

cancer or diabetic angiopathy is in

consideration for clinical application in future.
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Development of medical application systems at KEK

lE—17, LRI
Kazuyuki HYODO and Masami ANDO

Abstract

We have been developing a two-dimensional
imaging system using an II - TV system for
intravenous coronary angiography, a high -
resolution CT system, a fluorescent CT system,
a high - resolution TV system using a HARP
TV tube for angiography and mammography,
and other medical imaging systems using
synchrotron radiation monochromatic x-ray.
Recent results on a two-dimensional imaging
system for intravenous coronary angiography
will be described here.
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Table 1 Imaging systems using synchrotronradiation
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Fig 1.Schematic diagram of a two-dimensional
imaging system for coronary angiography
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Table 2 Parameters of animal experiments
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Fig. 2 Coronary angiography system using monochromatic x-ray

Table 3 Parameters of human examinations
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