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Boron analysis and imaging of cells and tisues by using Micro-Particle Induced X/Gamma-ray
Emission
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Abstract

Boron Neutron Capture Therapy has been a particle radiotherapy and developed for treatment of malignancies. Boron
existence and thermal neutron penetration into the target tissues are required. In this study, we used micro ion beam
particle induced gamma-ray emission (PIGE) to confirm the boron distribution of immediate phase in vitro.

U251 human glioma cell line was used. p-boronophenylalanine (BPA) and fructose were dissolved as previously
described. 160 and 800ugl0OB/mL BPA dissolved in culture medium were prepared. Micro particle-induced X-ray
emission (PIXE) and micro particle-induced gamma-ray emission (PIGE) analysis was performed at Takasaki lon
Accelerators for Advanced Radiation Application (TIARA, Takasaki, Japan). The freeze-dried cellular samples were
mounted and took elements (Potassium, Phosphate and Boron) distribution images and whole spectrum.

The ratio of boron counts to total (%) was control group: 1.35 £ 0.073%, 2hr boron exposure group:2.33+0.35%,
boron exposure and wash group:1.58+0.095%. boron distribution image of boron exposure group was matched up with

cellular element (P,S,K), but distribution image of boron exposure and wash group became invisible boron.
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MRETRIRRM AR ET 2 L CIEFICEETH D,
HE - U OB D AR A PRI R I B A KT
D
B FRBENEICIX. FEBEET 7 AFNSH
IHTE(CP-AES)Z IV D Z & RN — R TH 5 23, i
FI % Hv 72 BNCT Tl RIS v~ ot & il i
ThY, Hnbn Tz, ZRTTEBERHR T HEDSy
MzZRHFELELTUITAT 7 b T vF 7R, i
xRk, ZIRA T VEESITER ER MG
ATWDN, WIS BRI ORFICHER LT
FREREIZHWHIND SO TIEZRYY,

AWFFE T, Micro-Particle Induced X-ray Emission
Chr 7 hiE X B : PIXE) / Particle Induced
Gamma-ray Emission (PIGE)% i\ C., figiciBi) 5
RURIRF DM ETERT D,

#knakai@neurosurg-tsukuba.com

2. WREAE

EEFANIZ 31T % AR v 3504 & Micro-PIXE/PIGE
ZHWTRIEL, 77 X<t or (ICP-AES) (2
Lo THIE L2 U RRE L G THRET 5,

B e M7 U A —~ g U251 ZfEH L
72, U251 % Dulbecco’s Modified Eagle’s Medium
(DMEM) . 10% Fatal Bovine Serum (FBS) .
Penicillin-Streptomycin, 5% CO2. i 37°C. iz /%
95% D&M T CHEFIEE R LTc, o0 UoEiE LT
U251 % U 7" LB L HIRRRREIR & L7z,
1000rpm, 5 Frf iR Ci L, RIEA WG| L CHEH
THEE L2, 178721 10000 cells 2 #&5FE L, 300
pL OFFHLAZ AdL, 48 IpfiEs & L7z,

R F#E{LEY E LT p-boronophenylalanine (BPA)
(Interpharma Praha,a.s., Czech Republic) % BPA 7 /v~
bk — 2SRRI (FF-BPA)E L CHEM L7z, BPA (3K
BHEMEL, 707 =R R E L TKIZEMT D
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ThD, 7AE/AK 1498mL, 1 MNaOH 27.7 mL, 7 /L
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1MHCI 2 &T O F L. pH7.2 I LT,

FUEHE & F @ polycarbonate 5 _EIZHIREAT S S8 5
= — [l & LT Poly-L-Lysine Hydrobromide (PLL)
(SIGMA-ALDRICH) %[ L7, JES 5mm O 7 7 Y
JUARIZIEARS 10 mm O %R, SREHEEH O 5 um



[27-03]

JEORY B—HRpx— MEEZAE L7, B ETiaz
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Wz, 2 BE#%, WeIBRELTERZRICEDOE FH
FERER LI b o b U U EREENR (PBS) T 2 AR L
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Figure 112, MIFRICERIN L7z f-BPA OEE = &I
Micro-PIXE/PIGE HI|E TH 5 iz —IRILm AR DO —
B Z7d, WL h f-BPA & Teli 2 RE% .,
HaTo TRV 7L ThH D, R TN
LEARUREBRENRENY L FILTRYED T FR
EHLTWD Z & 03HERE S 4L, 800 pgB/mL O & &
f-BPA ZHMULIZY LTI, Vot Y oam
AR T EEI NI AR U E LS LT D
Z & D3RR S AvT- (Figure 1 (C)).

Figure 2 (21, f-BPA Z G et btk vE%
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ICP-AES % VT Micro-PIXE/PIGE & [F U4 T
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ng/10°cells, PBS ¥eiRETl%, 3.90 + 0.43 pg/107cells
Th O Wi/ LEET PBS BEFHE & LE T 5.67 55
VNBRE AR LT,
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Figure 1. Micro-PIXE and PIGE Image of U251 Cells
with Boron (A) control (normal medium only). (B) 160
pugB/mL BPA containing medium, 2hr exposure. (C) 800
pgB/mL BPA containing medium, 2hr exposure. P and K
images were from PIXE, B were from PIGE.

(A)

Figure 2. Micro-PIXE and PIGE Image of U251 Cells
with/without Medium Wash (A) Medium were only
aspirated after 800 pgB/mL BPA containing medium, 2hr
exposure. (B) Wash with PBS after boron exposure. 800
pgB/mL BPA containing medium, 2hr exposure.P and K
images were from PIXE, B images were from PIGE.
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Figure 3. Boron Concentration of U251 cells
with/without Medium Wash. No wash meant medium
were only aspirated after 800ugB/mL BPA containing
medium, 2hr exposure. PBS Wash with PBS after boron
exposure. 800ugB/mL. BPA containing medium, 2hr
exposure.
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