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In this study, for the application of micro bubble DDS, we investigated the
efficient method to generate microbubble-encapsulated vesicles. We further investigated the method
to control the vesicle position and to break-up the vesicle membrane using ultrasound field. Both
the experiments and simulations were conducted for the manipulation of vesicles. As results, it was
shown that microbubble-encapsulated vesicles are very effectively generated by introducing Oil/Water

Interface inverted emulsion method. For the vesicle manipulations, we succeeded to break-up the
vesicles by maniBuIating bubbles using ultrasound field. The simulations were conducted to
investigate the bubble size effect to the effective break-up of the vesicles.

DDS



1. WFEBRAE SO 5
T mEERAE LT~ A 7 a T
M, B RO LARER MbaEY, &
FIFERGENMZ B, BEEROBE TR
INTE, XL, v~ 7 a7t
T & OFH LIRIRICTE > B3 BRI 1,
SRR (HIFU) 2F1H L7 EE6E
AT L BEE L CEOAEIMEIIR SR T
D05, IBWEHIEL U CIIREL L Cuviguy,
7=, A 7 a T EEAERE (H R
) ELUTRIHL, BRI CHAZ i S
NoHZ~A7aR_XTIVRT v ITFTIUNRY —
AT LD BITONTWDEN, BHEDOL Z
A, BEEOHIE (DA 22T RET
HUHY REHTENLEICER L, BRIOE
P Y B R~ THES L2141, @ik
TWIET D2 HFIEREZ LN TWD, ZOFRE
TIX, VA RE LB FZ—DFEE 13850
728, WERBEROEETH, v~/ 7N
TN ERT T NRRE RS AREMEN & <,
HEOEN. TR IS DTV 2 REEST 5 2
CIXRETH D, Tk L, BERKICED
BTN EBEBNOBETDHIENTEN
X, FOENLT, 7RIV E R USRI
RAHEST D Z LN AREL 2R, BEHICED
~A 7 aRTIVNEARY T VO ERIE, Al
EOFREORBEIFEINTWD

2. WHEOHB

AW TIE, EEISHZ ROk 7o Hid
WCHEHTE5 1 I 7 vV 4 XOBHMK

kLT, Rl a—7 o TR EEA,
HRNOE AR E &ML, BACE DY THEEE
MWEHETLH~A 70 "T VNGRS 7L
BEKTAHZEEHEET. S5, BEKIZ
FAR I VD= 2L — /a/&ﬁ%
AL~ DRI FE, BEOMEEZ1TH Z &
X, 747DA7wmﬁMA/yw%%ﬁ
L, HSREZ L S5 AT 5. HRC
~A 7 N T)OVEFRIE S AT A~DFEH
LB L, (RIDEHT 2 EHICXY
Mt~ A7 v XTI WNGMRL 7 L%
HET 5 HiECH>WT, FEprE v Ial—v
2 O OBENORGETT 5.

3. WHFED ik

AW TIE, EFLOMIED B EERT D
72012, D~A 7 a XTI NERL T VD%
E LT ERTFEOMSL, ~A 7 a7
TR T NDOBEF I X DALE G, JEA
HICEAT 5 5, @)ﬁﬁ/ a2b—var
ZEMBLUZ. LT, 3200 CiiHT 5.

(1) ~A 7 aR_"TINEARY 7 VOARKTFIE

FEEHE O, I E THEKFIIEICZLY <
A 7 aNRXTIVNER T IVDEREIT- T2
k- RS, =47 v« F ) L%V UVRYY

A, 1(2009), 105- 106). ZOFiLE, flifET
EXHD0, A7 aNT Ry 7 LN~
BOAENOIHL, A7 AT RO
VI NVERBENMRUNOBBETH- . T
WXL, AREFZETIL, ABFIETIHX, Yamada
5 (Langmuir, 22 (2006), 9824-9828)7/3 4%
L7k m@EmEEIc L5 VR Y — LA
ZISHALT, =4 27 a T ANGRT 7 VA
AR U7, KA @A LD~ A 7 m s
TNAWER Y 7 VAEROE % Fig. 11277,
MEIXY U EE CTH 5 1,2-dioleoyl
-sn-glycero-3- phosphochohne (Avanti Polar
Lipids, Inc.), F£721% 1-palmitoyl-2-oleoyl-
sn-glycero-3- phosphocholine (Avanti Polar
Lipids, Inc.) % I % 7 /L 4 A /b (Nacalai
Tesque, Inc.)iZ 1 mM D¥EE CTIAfE L7 H D
%z 7=, Sonazoid® (Daiichi-Sankyo Co.,
Ltd)¥A#IE 200 mM A 7 17— X7J<ZMT5€T“§J§J
H 72, Sonazoid®EHR & fFEAIRIC 1:30 D
B TRAL, AT v 7 2 I FH—
(Vortex- Genie 2, Scientific Industries, Inc.)
%)ﬂb‘“(?Lﬂﬁéﬁ‘ﬁ_ KJE121E 200 mM 7 v
a—2KEREH W, Al Ek
Sonazoid®{Ei A VD OMfE % 72— A KEE
I T L, Sonazoid i & H H¥% M2 X
DMK E BB ST, 7 r AT LN
R T NVEAR LT, RO I3
%5 (TE- 2000E, Nikon Corp JIZHLY 177z
#7717 (MotionPro X3, IDT Inc.)is &
T V4 v A Z(D5100, Nikon Corp.) % H
WTHRE LT,

Q~A 7 aRNTINNERY 7 VOBE RS
(K DACESIE, PRI BT % R
T, ETEN R X OE RS I
LB~ A4 7 A"TIVOREE L OEICD

wT%%ﬁ%%%%#é
EER TR T 2REIZIEE v
I R AJ)E RTINS B EE R E < OO0
HMHNTWD., ZOEFEEFTEICXY, EHAE

mkf )

D

&

Sonazoid

Glucose aq

Fig. 1 Schematic view of method for
generating liposomes.
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Fig. 2 Experimental setup for capturing and
destructing vesicles using focused ultrasound.
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Fig. 3 Microbubble-enclosed liposome.
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Fig. 4 (a)Histogram of liposome diameters.
(b)Relation between the diameters of liposomes
and the number of enclosed microbubbles
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Fig. 5 Destruction of microbubble-enclosed

liposome using 1D standing wave.
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Fig. 6 Capturing microbubble-enclosed
liposome at the focus of the focused ultrasound.
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