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Fig. 2 Hypothetical concentration curves for
boron in blood, normal brain and tumor.
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0.5 3.4 44 2.2 2.9 3.8 .8 |

L0 5.7 7.4 3.6 4.1 5.3 | 2.6
1.5 7.9 10.2 1.9 5.1 6.6 3.2 |
2.0 10.5 13.6 6.6 | 6.1 7.9 3.8 |
2.5 135 | 1.5 | 84 7.1 9.2 | 44 |
[ 3.0 17.0 | 230 | 10.6 8.2 10.6 51 |
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W NN
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Coomidme CEEE R D)
(B) & (C) LTI

_— . = 13 =
Fs= UB2 1.16 F,7 (0.05) =1.70

F#2  MAEERI207F, 25 70 AR 1 MOBE R oo A A B
a-Tracks FoftFtEaiE (BLEFFAE40 1)

B H S % S s U
1) .['E #,g ﬁl &‘& 2-6 15.80 0.84 0.88 {1) x 2) @ﬁ'iﬂ'cii
2) @ @5 MO 2.9 18, 99 0.95 0.99 m,=m,
A) B O M & 2.75 37.50 0.94 0.96
1D #H  m 0.70 37. 50 0.71 0.75 {m .
2) 1L #l i 0.75 14.20 0.80 0.84 A
B)®L # m 0.73 16. 03 0.75 0.77
1) == vEREHE 2.05 27.45 1.37 1.44 {m e
2) = w4 VR 2.0 8.0 0.4 0. 42 S
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32 (0.05) >Fs

Fs= _ Re-xB)r

W+ Ry )

Fl; (0.05) =3.01 Fs>Fj; (0.05)

miFme (FEEFED)

B % B350 a-Trachs oIz 11 &k
R5 % THEMANEEE 2RO 2. B EEH
%2 & 72 a-Tracks o #8 (A) —LH

(B) =2.75—0.73=2.027 &, F&EFDAIN
biti% proton MK EFEI HhEn LAy, D
BErEMIEBEDEZ L 3ELV2R4 (A)—(C)
=0.72% 57T proton ¥ t#E i hiF (2o
1 FOBRKEEOBE X 2150 & LT) ##hho Bo-
ron 5@ a-Tracks O

2.02—0.72= 1.3 +7 3,

FBE L ABEIA - EMSEOTRE X E R 230
KTHD7=05 lem? PRSI, WBROMED
TH5. BlH1040 X 104%/40p X 400 =6. 25 X 1047
ZTCEA b7 a-Tracks oFix 1cm? duziz

1.3X6.25x 104 + 7z %,

Activation Xi17- Boron ®» 1cm? rho¥#
ArdihiE A=f (o.N.T) 25X TE I LN 2.
sz

f =flux (thermal neutronflux) n/cm?/sec

g1=d2

= 41.02

g=the absorption cross section for the re-
action with natural boron (7.55x 102
barns) = 755x10-2cm?

T=the duration of exposure in seconds

Z s Tix204r= 1.2X 10%sec

N=the number of target atoms of natural

boron/cm? of the tissue #f->T
6.2%10—2 .
Nz-——m—-s-b ——x10—3 ( 1 mg/gr-tissue) T
b, excretion 2350% Th B ET 5+ (SCIC k
--23
%). Nz--ﬁ'%g—%—xlo"sx 0.5t7%. EIs
DL EDERFERATSE
6.2x10%
Amg( 75X g gp X107X 05
=f i —
=f ( 2.5%X10) —@ &7 35,

UL LA 6D a-particles 12340 3 1

5 1:2% 103_)

HAREZHSRESHERE B19% ®108

=3 X10~em % 0 > HRFANE 12 Bl LT -
Trachs #{ED423v 0 TH b, L@ a-particl-
es D4 (50%) 157 4 M 21254 7@ tracks
DHEDB0%D HNBFZD 3 B, LINTW3B, »s
% correctionfactor ## 14w 5 k-
1.3X6.25X104=A (3 x10—4) X ( 0.5) X
(0.8)—@tu3. )
O
CEe 5;?‘}52;5_'5.3_;%&100‘ 8
=6. 77T x 108
Eh B, FTORENE
6.77x108=f (2.52%x10)
f= —';—?23:—11%?— #=2.69X 10'n/cm?/sec * 71
4w
Autoradsograph TRIEE » 7 2 «a-Track X
proton OFREFFDK FE G. Mayr,H.D. Bruner,
M. Brucer iz k h ¥ a-Track 132 ~5.59%
DEID, B, BESR, REFThh, FE
2Dy oI Tz (Grain 23 2) background
D fog LA EETH B Lz h i, *
L proton »* Gamma- o Track it «-
Track LZAEZRBIHNS &G L T2, 2%
E LRI Z L, «-Track » proton,
gamma- ff & OXjN, HSTEBNAD O T
WBEBTHO70, 5% ORED 5 proton
IZEBLDEEZLNDHO s I L ER W0 IR
WHIFORE W, —i a-Track L EZL50 3%}
DY H 5D T a-Track Oy, Ry, I
EOwED 55 #4T o7, 4 M. Brucer &0
WG FBELORRE P HBEL TR S, o
{THDT.
FERFR M
M. Brucer 4& EE
flux =5. 76 X 10°n/cm?/sec 2. 69 X 107n/cm?2/sec
T'=8.64>105 sec  1.2%10? sec
N=5 X108 atoms of B 5.54x1018 ato-
ms of ' B
o= 3.9x10"2 cm? 3.9x10~2! cm? ( 1 mg
/natural boron # 9B |Z##%) Activation X
7 B o%cx A L ThiE M. Brucer—AM =
5.76X10% ( 3.9x10-21x 5X1018x8.64% 105)
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Fig. I ##AWE=ns vrHfio Rodioautog-
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i D Ee vk
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WEDOT AGJAMD =1,82x10%/2. 49x 1028

=7.31—@

3 M. Brucer #ix 1cm2Df# bz 1,15%

104 tracks/cm?——@

FEELIIERT 1 em2inzx

cks/em?-——G)

D a-Tracks #ATw3, #f>T

8.125X 104/1. 15 X 1047, 07—@® & 71 % .

ABJAD =7,31% 8125,15=7.07% 11 W52 [F
—EBEPRCH 2 EDEMTHB Z L n bR T, %k
D a-Track BEEOTEMHDITIIE LV DT
HoOEZXXS.

o DHEREDD LT, F[ILKEBETICH
W, FA—BEAE G —-LH O SR 0 -
Track$z # X, HITHEABRE 2707 BNERR
5%7T, Mo a-Track MO GREE >
D7,

56 RNTR RIS a-Trach 3% - v,
B0 LA — LA D BB 3 & N2E
EHERS 5D o-Track OXAFEN 5D b D
XD BEL (BRERS 9% T HEMEN 12 HTEED
D), Lk b BB R AEE X b $an o>

8.125 % 104ra-

2111

< _;J Ve Bﬁidﬂ%m /o

' =-XXE2X
= TEE X/ Gm’ & gﬁ*r%z
‘Taali Boron ) (x-..,gw“? 1'050{@])

N"L ﬂﬂ&/ér/éj__”(rf

G 2.992 May
O /00 rad 4 p7gi 4550 o g4
NTF QX AEXIG*S: 100 (Wofalstiny /‘})

Xf =/0" Tﬁs—‘-‘- =52 x/07
MeBiai% 15+ 0 Bogg)x BAPUEFE
=852X/0"—> /00 rad

F 4

— K — 21792 ey
F o —117 Mev
Li —I1.02 Meyv;

e 55 ¥ —0.48 Mev
M+tH->D+¥ gz22me

®_Mn+"B

= 0.332 X/0 m?
N +"N-=>C +P —0627Mev
=188 X /0™ tm™

#5 1ERHEM=1RE BESRYEE= 500
rem o o Beb ik /cm?/sec

F!i’gé}ffﬂﬁt‘}”) B
Liﬂﬁiﬁ:‘ﬁﬁ"_ R. B E_-
| (mg /g) 31 10 [(20)
£ 0.1 [14 X10%] 72 x 10" 36x 107
A [ 1.0 |14 X107 72 x 108 | a5x10®

% 150 129x108] 1.4 X108 ] 72x]0°
'°E; .1 129x107] 1.4 x107 | 72x10°
‘5 .0 129 x10%] 14 x108 | 72x]0°
%% 5.0 |53x105] 29 X105/ 14 x[0%

#:#% f¢3ko n. Cap. Th. 20~3043 FE4410B 25~
50ug/g nfem?/sec 10%~~10"

WZaof FRRBNESISEI T3 L 3
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XI BtEECxddsER

FIRIIRTML, £EEANIBE (B) ¥
AL, Zhiz Neutron fight #4527 & ¥12485
n% ali oAl ind A=Nof 255K
THEAbNA, Nidiiler 240 oMk (B)
BF o ThD,ald capture cross section(ba-
m=10"2 cm? TH# by, fix thermal neutron
N (n/cm?/sec) TH 5.

NixRo #n { Ei"ﬁﬁjﬁﬂé% Ef %

N= B;;%?%.jﬁ?(llﬁ.&) (xi3fi 1gr o
BoE (gr) ©h3) THs. RBROWE (ordi-
nal. natural boron) 1381.8% ¢ B *»18.2%
DB X had, hETHEE S Sh301: B
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Applicability of Neutron Capture Therapy with Colloidal Boron.
By

Tadashi Miyakawa, M.D. and Noritoshi Watanabe, M.D.
Department of Radiology, Faculty of Medicine, University of Tokyo, Tokyo.
(Director Professor T. Miyakawa)

The following are the summary and conclusion of our experimental result on the
applicability of the neutron capture therapy with colloidal boron.

A) Preparation of the colloidal boron.

1) Our preparation method is very simple and sure.

2) It requires only a short time for preparation.

3) High concentration sols are obtained.

4) Sols prepared by our method are so stable against coagulation by heat and
electrolytes as those prepared by others.

B) Toxity

It is possible to inject into human body safely.

C) The size of colloidal boron.

It is in the range of 295 to 2.5 millimicrons.

D) Colloidal distribution in tissue.

It is relatively equally distributed in tumor tissue over the range of millimeters
from the injecton point.

E) A thermal neutron flux of only 105 n/cm?/sec is required to given 500 rem for
60 minutes in the treatment of a general malignant tumor with colloidal boron injected
directly into the tumor.

It was reported that the neutron capture therapy applied by other research workers
to the treatment of a brain tumor required a thermal neutron flux of the order of
10912 n/cm?/sec to obtain a sufficient effectiveness.

However, in our case of the treatment of a general malignant tumor the colloidal
boron was employed and injected directly into the local region of the tumor. Then the
concentration of the tumor was kept much higher than in the case of brain tumor,
and the colloidal boron did not shift to the surrounding tissue. Hence, it may be
possible to carry out repeated exposures of the localized boron by a single injection.
Therefore, in the case of the treatment of the general malignant tumors with colloidal
boron, it will be possible that the neutron capture therapy for general malignant
tumors may be done with a thermal of an order as low as 10¢ n/cm?/sec.
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