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Study on the Relationship between the Behavior and Wave Radiation of

Micro-capsule under the Ultrasound Field
Minoru SUDO*, Kenji YOSHIDA* and Yoshiaki WATANABE*
(Received March 30, 2007)

A micro-capsule which is surrounded by the shells can hold gas or liquid such as drug solution. The role of the
shell is to separate internal material from surrounding material and to prevent the diffusion of internal material. Making
use of these advantages, the micro-capsule is applied in various fields. Particularly, in medical fields, the micro-capsule
is expected as a tool of gene therapy and drug delivery system (DDS) under the ultrasonic control. In these medical
applications, the micro-capsules work as a carrier, which collapse and release the internal material at the effective point
of the body. Therefore, both the control and evaluation of micro-capsule collapse are important. In addition, it is
required that the information of the collapse is obtained nondestructively from the acoustic wave caused by
micro-capsule destruction. There are few reports on the relationship between collapsing behavior and the generated
acoustic wave from micro-capsule. In order to investigate these mechanisms, the micro-capsule behavior is observed
using a high speed video camera. The acoustic wave from the micro-capsule is observed using hydrophone,
simultaneously.

The frequency spectrum of the received wave changed due to the micro-capsule behaviors. Moreover, generation of
sub-harmonic component depends on the initial micro-capsule radius. In some specific cases of initial radius,
sub-harmonic component of the radiated wave was observed before the collapse. This indicates the sub-harmonic

observation becomes a strong tool to predict the collapse of the micro-capsule.
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Fig.2. Irradiated sound wave.
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without micro-capsule.
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(a) Image of the micro-capsule behaviors.
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(b) Temporary variant of shadow area S.
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(c) Frequency spectrum of received sound wave with micro-capsule.
Fig.4. Tenth trial.
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(c) Frequency spectrum of received sound wave with micro-capsule.
Fig.5. Fifteenth trial.
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(a) Image of the micro-capsule behaviors.
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(c) Frequency spectrum of received sound wave with micro-capsule.
Fig.6. Thirty-second trial.
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(c) harmonic component.

Fig.8. Trial variant of frequency spectra. (Ry:40pum)
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Fig.9. Trial variant of frequency spectra. (Ry:104um)

3.3 VHFBRETILIELBEDARY FILEL
3.1, 32 HiTIIWIHIAR : Re2S 60um THH A
T OB & JHEHART MV OEbE R LTS, L
MU NBEMAEZEE LIGEE, —&iich 7'
VXEH ORLE N 2 F5 o720, Hix 72 A XD h 7
AR ET D, LB oT, Hixled
TRIRITBWT, IR L R ALy
ML OBfRE IR L TB RERH DH. £ 2 TAH
T TRV OEAHEE : Ry & 40pum, 104um & 25
LEETZ & EDEREEART PO A RT.
FEERRIL Fig.l EREED S &, FEBRSM: % B
270kHz, 1E5%/3—A k 25 3%, 5JE 450kPa,, & L,
WA 72 L Ry & 40pum, 104pm & B L &4
7o, A 7V EE 40pm, 104um DEAITE S
Nl ITERIZ L D A7 "ABfbEZNR TR
Fig.8, Fig.9 (2”7,

Fig.8(b), 9(b) & ¥ FEAJEIL R/ 1IN TR AR 2 —
LI T 2FITICB W TS s TnNH 2 &
ZREFRTE 5. £7- Fig.8(c), 9c) L v @il pk/mix

(13)

WHEB &R &2 — Ui L 72 T o %I/ &< 7o
TWDZ L EHERTE D, — TRy DEL
T HD% & Fig.8(d) L 0 IR 40um DA ITIEN
AR E ST 2 RITURNCIRER SN T
BOT, WERAEHZITERIT 12 BHICB W TA
ENTWDZ AR TE D, £, IR
104um DAL Fig.o(d) & W NI A H LARTIC
I, ERENDGE EAERSNEWEAERSH. N
BRI I TRRTT 71~74 M B I2B W AR SR
TWHDEMERTE 5.

4. B%

3.2, 3.3 Hi X 0 IR OBIC X &P HEATE
oy L EiRE R X AR O 2R Lz, —
TH R TR K 0 NI R E — &I
BT D LRNC AR S D EA & AR S v
BEHER L. KBTI INLOERIZHOWTES
T 5.



76

o

WIDIZ, BARJEIL Ry, @iy DZERIZ D
WTH29 5. Figs3, Figd~6(c)& 0 B 7w AL
DHEIZ L ST REBEHA T N IT AR B
ROy & TR N E E D, LI o THARJE WK
By & @i pl oy D BAGIRBRE I & v
DO DRGTER & OOt E2BRE LT HIE
72BN L L7 h B4Rl SR Tldadz i % M
ELTWDIDIZHMR R AR I 2 LEL
V. LT o TEBRRZYEE L, L0 MR %
BIRINLERDD.

— ORI SIE A 7 VEENC LY oAt
ENDRGT ThH D280, T O5iiIk s OFRATIE
BIC X DELIZONTRTFT 5. 4l 1%
Fig.7(d), Fig.9(d) & W WNERKUA L LARTIZ AR S 41,
WHIREE BT 23 T2 RICAR SN e o
2. ZDO%, BEARIN TS Z L2 TE 5.
3.1 HiTR L7z & 9 ICE R 2 —KUS U3 23
ITORIE TH T BVORENEL L, IRBIFZRENZE
fEL T3, L7 > THERFR M LART & LAk
BWTIEOHRERNER S NI A =X L08R 5
EBEZLND.

WIS EART OFRITIZH W T, v = L OIR
BINFEIRAENTWDRETH L. 202D, &
VR~ A a T RNVRENC 5 2 5 BB EE
L, B 7R VS BREL SISk L C A5 oo 8 TR ED
L7=BERIZ W TR L i b0, LavL
RN, AEBRTHEALI-~A 70l 7LDy =
v (PVC ) OFFEIZE L TIIARB 2 mn£ <,
VR A T a T NEINCE 2 5 EEOK
FHIEE L. 2072, 53F A ERk S 7 BRI
BEETIIAATHY, SBOBMFRETHD.

NIRRT I B W Tl N Ak S -5
KHoOWTELT S, Eib Lz X o ICNERR IR
OSBRI S N3 T T, 7LD v
OIEBHIMFIEINF E A EITZ DN TE S TNES
SEPBBEKIEO L IICEE--TWL EEZ LR
%. HESKIAIZI T 2 0 ARSI 2 E T3
AT SN TR Y, [IaOIIRE R O 5T
BRE) S 72 A 1 B b AR O BRED 35 1 C A A I oy
BERENDESEbATND D LIk, ok

-
—

By ISR SRR T WRIF 2 E L, S AR SR
EE KRBT 5. ZOFRRESTRIOERSEMAITY T
b5 E, BRENER AN 270kHz TH D Z & LY &I
O IIRR P 5 A 135kHz DAy TRk B kgt %
Wi o LR CTE D, 2 2 CHHAIEO LR
W oA Y E AV D & JEBEE 135kHz 1B 5
SIA DI EEIL 20um 72 5. L7 > TARIO
FEBRGAE T, KR 20um L% b &Sk D
YR ISERR ST N E R TE S, LU
FOBMFHREREZE L, FATEEICHT S0 S
YA ZROBbERHTTT D, 3.1 HlcBNT, WNEK
I OFRITICOWTIE, I 7' AANENICRIAN
BAFLTDIRBEL 720, Z ONEHEILOIIM Y1 X3,
NES KA RTORITICR T 5 0 72 LW 1
XEVHALNINENZ ERMERSIND. £ T,
Fig. 10 ([ZRATEIEIZ T2 0 72 L o9 (N
SR % ORITIT O W TIZNER KA O W)
) OEbERT.

100 —5—R0104Q1n———
E‘ ——R;:60pm
3 80 %3,,,,,,,,,,,—0—&;4()“,11
2 %%
T 60 penE
z E:
3 E%%
5 kN %
20 sroreg@inenpeasanerasngenes .

30 40 50

Number of trial

Fig.10. Trial variant of initial radius.

FIMZ T, A, @71y MINHKEEL X
W LT T2 6 b L Tna. LD, W
NOBRFERIZIBN TS, NEREZ KU L
7o AT DRI TE DI A LT D
TEERMERTED. X, eGSR
Te SR DS B BRI ICES I L Te 7o 2 8 B 2 6
2. Fiz, Fig7~%d)& Fig.10 X0, i 4E
B S ATV B ERATICE W THERRIE O #IH I
) 20um ERoTNWAHZ L EMRTE S, T,
T = )L OREIZN RS < 720 B BT O 5 R
FRERIE DN T SIVTZRE R, B 7' AWIZERAE LTE
SRR DN BRE) JE N L C A O A CIREN L, 43
TR AR SN2 Z &R L TND.

(14)



FWRTHBE SN~ A 7 0l 7 )V OIRE)ZEE) & FERGHE 5123 5 B

5.%5&8 PRESS, 1997), pp. 136-139.

~A 7 ah T NOREFROMMAE B E L
THTBNALERE DT EADSLHBNENDFHD
JAEEA R SV ORI 2ol EDORER,
71 72 VDDA T DI DI T O JE K
AT MVIZ BB B BTz, E1-FEEEDI
FZHE LEE X 70 0 7B BRI B WD CRATEIEL
\ZR DAY MVEALE AT E, FEARTE I Hok
oy & BT AR DAL E ORI LT [FER
@@W%ﬁk.*ﬁﬁ TN REEENSED

ST Gy DA REMIZ 2 b b b bz, LT
ﬁof%%@mﬁfiﬁﬁ“ﬁ:ﬁw8%7%ﬁ
7ot D 2 & THEARBEELSY, SRRy, SR
By OEAEBRT 52 L1k 0 TR EE
IR THZENARETH DL LB LND.

SE X

1) K.Tachibana and S.Tachibana, “Application of ultrasound
energy as a new drug delivery system,” Jpn. J. Appl. Phys. 38,
No.5, pp.3014-3019 (1999).

2) D. Koyama, W. Kiyan and Y. Watanabe, “Optical
Observation of Microcapsule Destruction in an Acoustic
Standing Wave,” Jpn. J. Appl. Phys. Vol.43 pp.3215-3219 Part
1 No.5B (2004).

3) D.Koyama, A.Osaki, W.Kiyan and Y.Watanabe, “Acoustic
Destruction of Microcapsule Having a Hard Plastic Shell,”
IEEE Trans. Ultrasonics, Ferroelectrics, and Frequency
control, Vol.53, No.7, pp.1314-1321 (20006).

4) KRFTER, FHHER, SRR, ERAFE “ERE e
TANATIZE D~ A 7 ah TR NAOFEER, 555
#, US2006-82, (2006)

5) Z#SE, EHER], ELLFE EEREERE O~ A 2
77 7R VAR O - FERRIRHELI, T (5,
US2006-96, (2007).

6) RATES, HHER], LR SBERREIRI T
LA 7\ AT/ ORREEREB ORI — K &~
A7 ah TR NOMEIER - [F5%8%, US2006-120,
(2007).

7) Anthony Eller and H.G Flynn, “Generation of
Subhramonics of Order One-Half Bubbles in a Sound Field,”J.
Acoust. Soc. Am. Vol.46, No.3, pp.722-727 (1969).

8) T.G.Leighton, The ACOUSTIC BUBBLE, (ACADEMIC

(15)



