AROEREFHIREERED OO R ZEFIFFRDOIRIK &
DDS # W= FMRA U EEFICEHT 2R

Bl &

Applications of boron drugs and development of novel boron
drugs using DDS for Boron Neutron Capture Therapy

Makoto Shirakawa

ABSTRACT

Recently, for the tumor treatment, Boron Neutron Capture Therapy
(here in after, also referred to as “BNCT”) is attracting attention as one
of the radiation therapy. And as method of boron accumulation, DDS
(Drug Delivery System) is remarkable in BNCT. A liposome is widely
used as DDS material. Therefore, the various liposome using boron
compounds are developed until now, but the approaches are roughly two
methods. The one is encapsulation of boron compounds into liposome.
Another one is incorporation of lipids conjugated boron into the liposome
membrane. However these liposomes are suggested that it causes the
destabilization of liposome membrane by high ionic concentration and
osmotic pressure. Furthermore these two strategies are difficult to develop
novel drug including more boron groups. Therefore, we proposed new
strategy and focused on outer layer of liposome membrane. We synthesized
phospholipid derivative as novel boron lipid and prepared liposome with
the lipid. The boron groups of the lipid are at the position of outer layer
of liposome and not interfere with liposome membrane or internal water
phase.

In this review, we introduce the novel boron lipid (name PBL) and

property of liposome using this lipid.
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10B + Ing, —» [UB] —»7Li (»7Li + vy +0.48Mev) +4He + 2.31Mev (94%)

711 + 4He + 2.79MeV (6%)

Eq.1 Reaction of boron atom by BNCT.
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Table. 1 The reaction cross-section to thermal neutron of the main elements.

Nuclide Cross section(o)
108 3837
1B 0.0055
6Li 940
155Gd 61000
157G d 254000
1304 19910
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BIGd+n —> 158G + vy

Eq.2 Reaction of gadolinium atom by NCT.
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Fig.2 Structures of BSH, BPA, and 18F-BPA

BSH 1% 1960 4E1% i Soloway 12 & - CTRAFE & #u7z U7, BSH i3 BT (BBB) 0 7z .
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EFAHMRICOIES O 30 1 RERERT 2720, EWEMHEMOMAMREIC X D REHE 6 R
ZZT. FREECTHEIEMICD 2RIV A Z U VWEWIFERD D, 25D
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4. KRYUREFBEFHRORR
ST, BNCT IZBWTEEDO KA %18 2 0 1 ZEEN OB I L 4 2 bI1F 125, BARIIZIX
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Fig. 3 Structure of BOPP (2,4-bis-(a,b-dihydroxyethyl)deuterioporphyrin)
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BEDOHEILLZATVR)RY — LA LN, VRY —LOIREZ A TEIX, &
FHMAEERIZE ) HAERBRLL TV ROBEIFEL . ZOHTFHRARYELSTEEA
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Fig. 4 Scheme of the synthsis of PBL

5-2. PBL A& U & YV — 1 O FHE & i b2 E

PBL &4V R Y — JMIEE LI E L * CHASEEE CAZ I s, 4 XHkr2s o
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100nm B %R L. (EAIZPEG £ Db S 5ITEH W~ A F AEMERT (Table.2), & 512
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Table.2 Physicochemical property of functionalized liposome

DSPC/Chol/DSPE-PEG/B2000lipid Particle size Zeta potential
(molar ratio) (hm,w/G2) (mV)
Bare Liposome 50/50/0/0 147 -4
PEG Liposome 47/47/6/0 143 -15
PBL 5% Liposome 47.5/47.5/0/5 168.8 -42.3
PBL 10% Liposome 45/45/0/10 125.7 -36.5

Fig.5 Form of PBL modified liposome
at acceleration voltage 100 kV in
transmission electron microscope (TEM).
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5-3. PBL f&4ii Y R Y — 5 O FdEF 1RSI & 2 BAMIEEIER (in vitro)

JEE AR L (DSPC: Chol: PBL=1: 1: 0.12) TF# L 72 PBL 5% Bffi )V R Y — 1 Z v, @
wash (BEFIRINE., B2 5H# LUE D R < ) @ non wash (EHUIZHEFI B FZATRED £ %
I232%) D28 OFET VT 379A MR HETFIRENZ1T5 &L, PBLEIY XY —2 %
V79 379A MBI INtE. OOEAEE 1T o 7efEiE, PHTHRIBN O A ZT o 1HE & R L T,
R FARIBS O A 24T o 128 & A ORMITZIE L »#IEE S g, PBLEAT ) R Y — LN
WL 2BREN TV I LEMERI NI, . QOEEL T o B T BV TIE, TR
FHz & D BRI S e, PBLEAT Y AR Y — 225 10B-enrich O R VERETH &6 L
TW5b Z & 2R S iz (Fig.6)o

5-4. PBL &fifi Y R Y — 5 O EF IR X 2 JEEHEMEIHEIZIR (in vivo)

PBL5% &£ ) & YV — 2 % 10mg!B/kg THE- L 720034 = ¥ Al FHRIBI 21575 5 &\
10 HEHMEEWSF OB & R L CH A BITIEEHMEIHE 255 5 . Rz 14 H £ TIEE 23
BRI L3 Lo (Fig7o £7:. PBLEBAIY RY — 1 B5H 6 Hlo > 5 1 HlLIfEED
SEEWEREWRT L ENTET,
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Fig.6 Cytotoxicity reaction by thermal neutron irradiation with PBL modified liposome.
The V79 379A cells were irradiated with 5.6Gy for 15minute, 12.1Gy for 30minute and 18.4Gy for
45minute.Data are represented as ratio of control. Each assay was done in five (mean+S.D.).
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Fig.7 Tumor growth inhibitory effect by thermal neutron irradiation with PBL modified liposome.
The tumour-bearing mice were irradiated with 14.2 Gy for 2 hours. Each assay was done in six
(mean +S.D.).

*P<0.05 (BSH, irradiation only, no treatment vs. PBL modified liposome)
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