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Development of novel therapeutic agent using boron compound-modified PEG
derivative for particle-beam radiation therapy (Boron Neutron Capture Therapy)

SHIRAKAWA, Makoto
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As a low invasive treatment for the malignant tumors, boron neutron capture
therapy is featured. This study focused on liposome and developed the novel boron cluster-modified
PEG lipid derivative (PBL% that is able to deliver the 10B at high concentration in the tumor.

PBL could be modified to lipid film efficiently, and the liposome that prepared with it was low
toxicity in vitro. And, the liposome succeeded in 20 ppm of boron concentration and above 5 of T/B
ratio in 24 hours after administration to cancer-bearing mice. As a result, when irradiated neutron
beam to it, the liposome showed a significant antitumor effect in comparison with each control
group.
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Fig.2) Structure of the Boron cluster-modified PEG lipid derivative
(PBL).
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Table.1) Modification rate of PBL into liposome.
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Fig.3) Quantity of PBL modified into liposome. The prepared



liposome was subjected to size exclusion chromatography and
measured emission intensity of Boron in PBL by using ICP. Each
fractions are it in order of liposome, micelle, monomolecular

Table.2) Incorporation rate of PBL into liposome.
PBL ratio (mol%) 1 3 5
Incorporation (%) 65.6x7.4

60.9=16.6 376%33
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Table.3) Physicochemical property of PBL liposome.

Molar ratio of PBL (%) Particle size (nm) Zeta potential (mV)

1 155.5 227

PBL-Liposome 3 149.0 -36.1
5 148.1 41.5

‘ Fig.4) Electron micrographs of the

PBL liposome after extrusion through
a polycarbonate membrane with a 100

‘ nm pour size.
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Fig.5) Leakage rate of Boron compounds from liposome. When used
this liposome, the leakage rate was almost 0 % until 48 hour.
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Fig.6) Cytotoxicity of PBL liposome.
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Fig.7) 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.8) Time courses of blood residence, liver, kidney and muscle
uptake, and tumor accumulation of '°B delivered by PBL-liposome.



Tumor size (mm?)

Table.4) °B transition of the time-dependent tumor/blood ratio and
tumor/normal tissue ratio.

Time (hour) 6 12 24 48
T/B ratio 3.7k1.6 2605 50%23 5.1%£1.2
T/N ratio 55%09 3.0%2.1 6.64.8 36£I18
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Fig.9) Antitumor effect of the PBL-liposome. The tumor diameter was
determined over time after the irradiation until Day 21or 22 so as to
compare the effect of inhibiting tumor growth with the control group.
*P<0.05 (PBL-liposome vs. irradiation only, no treatment). The tumor
sizes were determined according to the following formula.

(Long diameter (mm)) x (Short diameter (mm))? /2= tumor size (mm®)

Fig.10) Histocytological tissue specimen by HE staining. (A)kidney of
mice administrated PBL-liposome. (B) liver of mice administrated
PBL-liposome. (C) tumor of mice administrated PBL-liposome.

(D) tumor of mice that did not care.
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