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Dynamic Phenomena of Sonazoid Microbubbles in Cultures of Rats Kupffer Cells during
Ultrasound Insonation
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Abstract: [Objective] To investigate the influence of ultrasound insonation to the shape and movement of Sonazoid microbubbles
outside and inside of Kupffer cells.  [Methods] Kupffer cells were isolated from rats. Phagocytosis of Sonazoid microbubbles were
observed under inverted phase contrast microscope. Ultrasound insonation was performed using a clinical ultrasound scanner,
phenomena of microbubbles outside and inside of Kupffer cells in an acoustic field with different acoustic pressure were observed.
[ Results ] The phagocytosis rate of Sonazoid microbubbles by Kupffer cells was 91%. The thresholds in term of mechanical index (MI)
for free microbubbles to begin oscillation, reach best oscillation, and destruction were 0.21, 0.44, and 1.03, respectively. The
thresholds of destruction were 1.18 for adherent microbubbles, and 1.37 for phagocytosed microbubbles, respectively. [ Conclusions])
Sonazoid microbubbles could be phagocytosed by Kupffer cells in vitro.  Acoustic pressure of ultrasound insonation affects the
movement and the shape of Sonazoid microbubbles outside and inside of Kupffer cells obviously.
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1.1 Kupffer AR5 B IEFMEE

TS PEYE Wistar KR, FRIR 12 ~ 16 Ji 4K
Jii & 200 ~ 400 g, M4 CLEA A F] (A5, HAR),
ARSI ELASE) H AR 5t R RN sh ) SE S B2
DAL | SE BT A SR A T, A9
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(pronase ) M 6777 53 B Kupffer 20, A& 535
AR B S e D7 ik W25 3Gk 1,
1.2 Kupffer Zf & ME Sonazoid =i B 3l
12,1 #E e H & MWL L A Sonazoid
(Daiichi Sankyo Company, Ltd., Tokyo, Japan) %
¥y —32, A 2 mL HE S HZER K, ARG 3L
0B, Sonazoid S FH FRURR SR (CLF ) FIAR
SNERIRY, AR 2.4 ~ 3.5 wm, FRUEVREE H 1 x
10° mL'7' 0 B 0.02 mL AR AEHR Y Sonazoid B,
T 19.98 ml, {5 FHZE /K B 12 1000 A5 fEH
FEW, LU S A B 2 B 1 % 10° mL,
1.2.2 A Em A Kupffer 5557 40 i
(9 3% e AT AL B S 0 R i T4 40 mL
RPMI 1640 21 M0 55 32 A K FR L rp K54 R 1
1 000 5 B4 0.5 mL Sonazoid ¥ FH—A>25 th (1
216 HH#RE LA R T 7, (AR A 22
BB SIS ORI 240 e W S Y ok R, D SR
W 30 min, FEA T FE A WG EY & T A
4 E (MPF-10-0, IEDA, Japan) il AR IE4NE 5T

FE1ML 37 CIEIE . Kupffer 40451 Sonazoid 131114
e R U H B R Y 3CCD B AR AL
(JU-TUS531T, Toshiba Corp., Tokyo, Japan) S
1S4 HL(DSR-20MD, Sony, Tokyo, Japan) gl
TR

1.2.3  BeElmldgAr  OFFMERGE R 40 % e w
43 LU o QB 20 LA W ) Tt 5, (DA M 7 W Fl 76 e
T MRS TE] OB I ot 7 400 L P9 R A7 A R e
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1.3 A1 Sonazoid it BB A & B9
13.1 B EHBAE GBS 2L (Aplio
XV, PVT 382 ff™ RSk B 1 ~ 6 MHz, Toshiba,
Japan) . BGA R KR IR AR, USRS EONL 3R
1, S A2 B AT 200 F5AK T %S Kupffer
AL B2 Sonazoid Tt 7EE 75 4 B ARG L

1.3.2 MBI 7RO 0 %k, il
WA 10 min J5 GRS R IR, A IR 2L
B [ T o, Sk R LA 45 MR AR RO
LAF, SEge e Eon MR LA 1, A&~
R R )RR R EE 10 s, HE 7 i A5 D) B 4%
7R BIHLIEFE 2 (mechnical index, MI) M#E, MI
0.08 Z W Tt = 2 1.6, HH I (U5 UL e 7 4 A 4 ot
FEIE B SAG LSS, T 9R AT,
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;BRI 38 W B T Kupffer 20 iR 2 18, (0
FARAIOL T MR s AW ORI dE 58 AL
F Kupffer 4L 00, @atliz sh 7 UADE A&
M s o Ik GRS ), Bk R
A FHE H e PR  TATAT T o) 5 FE sl 45
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Table 1 Setting of ultrasound scanner used in the experiment

Parameter

Specification/setting

Machine type

Imaging mode

Mechnical index/MI

Frequency/MHz

Pulse repetition frequency (PRF)/kHz
Frame Rate/Hz

Depth/cm

Focus Position/cm

Focus Number

Toshiba Aplio XG with PVT 382BT Probe
Pulse inversion imaging

0.08 to 1.6 (as read on screen)

3.5

3~5

1orl5

4

4

1
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Fig.1 Scheme of the experimental setup

The dotted line represented the propagation of ultrasound waves
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Fig.2 Behavior of free microbubbles under high frame

rate ultrasound exposure
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Fig.3 Behavior of adherent microbubbles under high

frame rate ultrasound exposure
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Fig.4 Behavior of phagocytosed microbubbles under high

frame rate ultrasound exposure
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HE T Kupffer 4 g X} Sonazoid {4 17 W , 40 A #+
WK =18 91%,

TIOR8 75 R BT 1) R 302 1) R P R
(PR R B A5 ) DA Jo) R VA R el AL
BE4E ) LA SO A B 3 T (RN Ahae SRR AT
SRMIBHJE 25055 ) Y520 32 Sonazoid f&—F H
PG 2.4 ~ 3.5 pm BRI, Z2BIEHE
RUMER MR RSB IESE, HA R 2.5 pm 3.7 pm
F16.2 pm {9 U TR B S LIRS 5.0
MHz 3.5 MHz A1 2.0 MHz"', ASHF5E % FH I R R 7=
G AT 10 S5 I B0 R 3.5 MHaz, 1A 4 74 18 fe R 3L
PRAAR AL Z N

TR AR 558 728 75 T AR T 7 A R 4 i
IKizsh, Hasshte:US mig e & CieE A
B IR YA EART 50 kPa B 06
AL PEILR v A5 R R (50 ~ 200 kPa) , i3 &
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F A AL 2 A R0 U0 A 7 R IR A R I 5 4
HRR P RO R /IR G . 4 P s AT 23S Tt
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Table 2 Thresholds for different kinds of microbubble behavior under high frame rate ultrasound exposure

Free Bubble Adherent Bubble Phagocytosed Bubble

Behavior

MI Pressure/MPa MI Pressure/MPa MI Pressure/MPa
Stabilization 0.21 0.172 8-0.2304
Oscillation 0.44 0.307 2-0.4608
Transposition 0.53 0.307 2-0.576 0.53 0.307 2-0.576
Shrinkage 0.75 0.345 6-0.864 1.03 0.403 2-1.152 1.18 0.403 2-1.382 4
Destruction 1.03 0.403 2-1.152 1.18 0.403 2-1.382 4 1.37 0.518 4-1.612 8
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