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Molecular-targeted nanobubbles for ultrasound contrast agents using a newly synthesi
zed surfactant

TSUCHIYA, Koji
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The present study aims to develop molecular-targeted ultrasound contrast agents (n
anobubbles) using a newly synthesized cycloamylose-modified surfactant (CA-LA). Nanobubbles with high disp
ersion stability in blood serum can be obtained using mixed CA-LA and a ﬁolyeth lene glycol (PEG)-modified

phospholipid as the dispersion agents. The labeling of folic acid to the nanobubbles enhances their accu
mulation to KB cells having folate receptors. Galactose-labeled nanobubbles are selectively accumulated t
0 human liver tumor cells (HepG2), in which asialoglycoprotein receptors are generated. The results revea
I that the nanobubbles obtained in the present study can be a useful ultrasound contrast agent having high
stability in blood and high accumulation ability to tumor cells.



(DPPS) PEG

um
(CA-LA)
(D))
1)
(PEG)
(2)
(3)
@
(CA-LA)

(PEG-PSPE)
(PBS)
(SFe)
@
PEG (FA)
PEG (FA-PEG-DSPE)
CA-LA DPPS
(KB)
(A549)
©)
PEG
PEG (Gal-PEG-DSPE)
CA-LA/DPPS
HepG2
@
CA-LA  DPPS
CA-LA/DPPS(25/75)
PBS
2 f_________ ‘
> PBS

1000

Particle size { nm
o
&

100 1 ] | L ]
0 20 40 60 80 100 120

Time / min
Bl1 CA-LA/DPPS:E & S=ia D il FiX#E8F%E 1k

lum
PBS



PBS
0
z 20F PBSh
s
g a0
I}
e
z 60 P
N )
_80 1 | | 1 1
0 20 40 60 80 100 120
Time / min
Bl2 CA-LA/DPPSEERIBIZHITS
T —2E D EIFE L
PBS
PBS
PEG
CS-LA/DPPS
PEG (PEG-DSPE)
10% (FBS)

CA-LA/DPPS/PEG-DSPE

2000
£
[
~ 1500
b} PEG-DSPE
N e 0 mols
w ® 2 molh
6 mol'
3 1000 o 10mon
=
£ °
500~
0 1 I I

0 40 80 120
Time / min

B35 MEFIZFHT2CA-LA/DPPS/PEG-DSPE
EERAONTERIFEL(37°0)

PEG-DSPE
Tum PEG-DSPE
100nm

PEG-DSPE
PEG-DSPE

10°

PEG DSPE

Num. density / particles/cm23

1ok S 2on
& 6 mol%
6 & 10 molh ) | ! |
10y 40 80 120
Time / min
B4 MEFIZFT2CA-LA/DPPS/PEG-DSPE
Ee RO HE EFEIFE {1(37°0)
CA-LA/DPPS PEG-DSPE
)
(FA) PEG
PEG (FA-PEG-DSPE)
37°C PBS

CA-LA/DPPS/FA-PEG-DSPE(25/75/10)

Particle size / n
£

100 | | |
0 50 100 150 200
Time / min

Bl5 PBSHI(Z#(T 2 CA-LA/DPPS/FA-PEG-DSPE
EERE O FIRFEIFE {1(37°0)

60

60



[

[
[—]
-3

[
T T Ir1T

[
[—]
@

[

-1

| | |

50 100 150 200
Time / min

Bl6 PBSHI(Z#(T 2 CA-LA/DPPS/FA-PEG-DSPE

Ee RO HE EFEIFE {1(37°0)

Num. density / particles/cm23

—
=
=

KB
A549 MTT

120

o 1002 ;l&- ;.

80—

60 -
40~

20+ {a) KB%‘H} HEI.

" 1 | | 1 | | 1
" 1w 1w 1wt 10
Concentration / mol/L

Cell viabhility / %

3

120 P
. ‘

100 S i +-

80

60

40+

20 (b) AS49i iz
" 1 | | 1 | | 1

11 -9 7 5
10 10 10 10 10
Concentration / mol/L

BI7 CA-LA/DPPS/FA-PEG-DSPE
RERAOMREEE

Cell viability / %

3

1.3x10™ mol/L
KB A549
DAPI
FITC

A549
KB

Bs HESL - - EMEHEg
(a), (b) kBH#BE. (c), (d) AS49#i Az
(a), (c) DAPI(FE) . (b), (d) FITC (i)

®

PEG

PEG
(Gal-PEG-DSPE)
(a) 37°C PBS
®)

£ 1000 £
8 W‘—-
M I
7 -9
% 100 £
b= F
(1] [
o i

10 | 1 L

0 100 200 300
Time / min

5 ftm
w

9
< 10
2
g
- g T ® .
210
7]
C
[+
=
= 107 L 1 . 1 L
3 0 100 200 300

Time / min

B9 PBSTI(C&51TACA-LA/DPPS/Gal-PEG-DSPER S
SR (@) TES LU D) HERE O #FE (37 °0)



60
MTT

120

lno+ ; [
1oty
3-80-
gﬁn—

-1
= 40

[:}]

(W]

20

0 | ENEETITT R R |
107 10° 10° 10 10
Concentration / mol/L

-3

BI10O CA-LA/DPPS/Gal-PEG-DSPE
R0 fliRE 7RS4 i)

1.3x10™ mol/L

HepG2

FITC

Bl11 EEIEREEIZ LB HepG2ifllfa~ D
EFREMTE

(@50 —REZEHMNED

(b —2AKEEH M NED

HepG2

Toshiyuki Tanaka, Yoshiaki Suzuki,
Koji  Tsuchiya, Hirofumi Yajima,

Improvement of cell attachment
capabilities of poly-I-lactic acid films by
modification of surface properties with
ion-beam irradiation, Surface and
Coatings Technology, Vol. 218, pp.
162-166, 2013

DOI: 10.1016/j.surfcoat.2012.12.047
Toshiyuki Tanaka, Yoshiaki Suzuki,
Koji  Tsuchiya, Hirofumi Yajima,

Surface characterization and
assessment of cell attachment
capabilities of thin films fabricated by
ion-beam irradiation of poly(l-lactic
acid) substrates, Applied Surface
Science, Vol. 265, pp. 281-285, 2013

DOI: 10.1016/j.apsusc.2012.10.196
Kenichi Sakai, Hironori Nishiyama,
Kosuke Ogura, Yuhei Kuroki, Takeshi
Endo, Koji Tsuchiya, Hideki Sakai,
Masahiko Abe, Effects of polymerizable
groups on agueous phase behavior of
monomeric and gemini cationic
surfactants, Shikizai Kyokaishi, Vol. 85,
pp. 317-320, 2012

DOI: 10.4011/shikizai.85.317

25
2013 10 19
2013 10 20 TFT

12
2013
6 28 2013 6 28



o

2012 6 18

43
2011 10 26 2011 10 27
Koji Tsuchiya 10 , Nanobabble
Preparation of Mixed

Cycloamylose-Modified Surfactants
and PEGylated Phospholipids for
Ultrasound Contrast Agents, 85th ACS
Colloid and Surface Science
Symposium, 2011 6 19 2011

6 22 , McGill University, Montreal,
Quebec, Canada

TSUCHIYA, Koji



