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Experimental Studies on the Bioeffécts of Pulsed Ultrasound
to the Cultured Mammalian Cell in Vitro
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Department of Obstetvics and Gynecology, Tottori University School of Medicine, Yonago
(Director : Prof. Kazuo Maeda)
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Synopsis Cultured cell originated from human amniotic epithelium was sonicated in 2 MHz pulsed ultrasound at
various intensities for:30-60 min. Cell suspending medium on sonication was either phosphate buffered saline solution
or Eagle’s MEM containing calf serum of 20%. On the evaluation of cell growth suppression, relative growth ratios,
the growth ratios in sonicated groups to control groups were calculated on 2,4 and 7 days after sonication. Regrression
analysis between these relative growth ratios and spatial average- temporal peak intensities on 4 and 7 days after
sonication showed linear correlation. Cell growth suppression threshold in the period was 246 or 240 mW/cm? in
spatial peak-temporal average value respectively. On the other hand, intensity measurements in experimental
acoustic field by steel ball method showed that spatial peak values were about 2-5 times as large as spatial average
values, and beam width in acoustic field (1.7 cm) was a little broader than the inner diameter of the cell suspending
tube (1.2 cm).

Cell growth suppression disappeared by elevation of viscosity in the cell suspending medium, and reappeared by the
prolongation of sonication time or the increment of temporal peak value. -
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2 10 1000 30 PBS - 0.674 2.70 67.4 269.6
3 10 | 1000 30 |. PBS ©0.530 2120 | 530 212.0
4 10 1000 30 PBS 0.218. 0.87 |- 21.8 87.2
5 10 11000 30 | 20%CSMEM | . 0.674 2.70 |  67.4 269.6
6 3 1000 30 PBS 0.157° 0.63 - | 523 209.2
7 3 1000 30 . PBS 0.068 0.27 | 22.6 9.4
8 3 1000 30 PBS 0.038. 0.15- - 12.6 50.8
9 3 500 30 .|  PBS .- 0.045 0.18 30.0 - 120.0
10 3 250 30 | . PBS 0.028 0.11 . 373 149.2
11 3 250 30 ~ PBS . 0.028 0.11. . |- 37.3. 149.2
12 3 250 90 PBS 0.008, 0.03. |- 107 42.8
13 3 500 15 PBS 0.045 0.18 30.0 120.0.
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15 '3 1000 30 - PBS 0.157 0.63 52.3 209.2
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3 E L AN (3310 ps) DA ABHRC X ARRER
£ S EERMEAAE (X 104/ml) CEEHER) FIXS A LR
&S og 28 4H 78 28 | 46 | 7H
) 1.00 (1) 1.15+0.17 (1.15) 1.35£0.17 ( 1.35) 9.92£1.90 (9.92) 022 | o018 | 0.2
-~ 10.50 (1) 2.62+0.49 (5.24) 3.77%0.63 ( 7.54) 19.78+1.03 (39.56) ) ) )
0 1.25 (1) 1.05+0.17 (0.87), 2.19+0.54 (1.75) | 3.54%0.36 (2.8%) 0.39 | 0.4
0.75 (1) 1.78%£0.20 (2.37) 3.341+0.18 ( 4.45) 4.79£0.35 ( 6.39) 0.35 ’ -
3 2.25 (1) 2.19%0.94 (0.97) 4.06%0.83 ( 1.80) 18.35+1.56 ( 8.16) 056 | 0.45 | 0.53
1.00: (1) 1.73£0.42 (1.73) 3.96+0.90 ( 3.96) 15.41%0.94 (15.41) ’ ) ’
. 0.25 (D 0.53+0.36 (2.12), 2.71%0.18 (10.80) 9.82%1.44 (39.30) % | 0.72 | 0.98
0.25 (1) 1.46+0.18 (5.84) 3.75+£0.63 (15.00) | 10.00%1.72 (40.00) 0. ) )
5 1.50 (1) 1.35%0.17 (0.90) 6.35+0.35.( 4.23) 5.95+0.42 ( 3.97) 040 | 062 | 0.60
1.25 (1) 2.82+0.33 (2.26) 8.57+0.72 ( 6.86) - 8.28+0.67 ( 6.62) ’ ’ -
6 0.75 (1) 0.32%0.00 (0.43) 2.50%0.32 ( 3.33) 10.22£0.94 (13.60) 067 | 0.73 | 0.8
0.50 (1) 0.32%£0.00 (0.64) 2.29+0.36 ( 4.58) 8.28+0.67 (16.60) ) ) )
., 0.25 (1) 0.42%0.18 (1.68) 2.61+0.18 (10.40) 9.50+1.26 (38.00) 045 | 059 | 0.73
0.25 (1D 0.94%0.00 (3.76) 4.38%0.54 (17.50) 13.03+0.78 (52.10) ’ ' '
8 1.00 (1 3.67%1.15 (3.67) 13.00£1.00 (13.00) 83.30%1.15 (83.30) 1oo | 118 | 1.28
1.00 (1) 3.67+0.58 (3.67) 12.00£0.00 (12.00) | 65.00%=1.41 (65.00) : ' '
0 1.00 0% 4.00%£1.00 (4.00) 16.00+1.73 (16.00) | 88.00%9.17 (88.00) _ 033 | 0.83 | 0.56
0.50 (1) 6.00£0.00 (6.00) 9.67%1.50 (19.30) 78.70%£4.16 (157.4) ' ) '
10 10.50 (1) |  1.75+0.25 (3.50) 5.17£0.52 (10.30), | 11.27%0.25 (22.50) wee| 044 | 0.62 | 0.52
0.50 (1) " 4.00£0.66 (8.00) 8.33*1.15 (16. 70) 21.60+1.51 (43.20) ) ) ’
" 0.75:(1) 0.67%0.14 (0.89) 1.17£0.34 ( 1.56) 5.1740.76 ( 6.89) 045 | 032 | 0.7
. 10.50 (1) 1.00£0.50 (2.00) 2.42%0.72 ( 4.84) 4.88+0.18 ( 9.76) ' ’ ’
0.50 (1) 0.50+0.00 (1.00) 1.33+0.14 ( 2.70), 4.58%0.14 ( 9.20) )
12 1.00 (1) 0.67+0.29 (0.67) 1.42+0.38 ( 1. 40) 8.251+0.66 ( 8.30) 1.50 | 1.90 ) 1.1
< [1.00 (1) 1.00£0.13 (1.00) 1.92£0.29 ( 1.92) ( 6.58+1.28 ( 6.58))
13 0.88 (1) 1.46£0.19 (1.66) 4.83%0.52 ( 5.49) (15.25+1.32 (17.32)) 0.60 | 0.35 ) (0.38)
0.75 (D 1.25%0.00 (1.67) 8.17+1.38 (10.90) 27.10%£1.04 (36.11) _
1 1.13 (D 2.42+0.58 (2.14) 10.00£1.80 ( 8.85) 21.90%1.01 (19.40) 0.78 | 1.23 | 1.9
1.25 (1) 1.06+0.51 (0.85) 3.44+0.54 ( 2.75) 11.25+0.00 . 9.00)
15 1.25 (1D 1.65+£0.47 (1.32) 6.051:1.19 ( 4.84) 13.97£0.38 (11.20) 0.64 | 0.57 | 0.8
* 05, **:p<0.0l, ***:p<0.00l [ ) MEEHKEH, 7v5—71 v 2EsHKSHA
%%&#LL&@@%# TR xR
ot (®2). b. B HRTEERE L TR L L ZOM
BRI (LIF TA LB WRMe-sfE  EEOREH
(LIF TP £E%) i@ PD (sec) & PRF (Hz) o Ry B\~ PD (160us) ez\wxﬁﬁﬁ{ﬁklb
®Iicbb duty factor RUTLHRO™, F HB (E1) LALL, Ay (32710
HIEB)F Cik, SPTA 13 SATA o415 (B N AFREERT LT EREOREY EA S
&) THBHDOTO®  PD 53 3ps, PRF 231000 5T L k) BIEIEII A Licss, TP A
Hz 0#420.5W/cm? K 1*20:.0W/cm? (SATP) KE7eH L, 20% CSMEM M &
1%, FhZh246mW/cm? K 18240mW/cm? (SA MENER L (K3).
TA) wEIh 5. 4. SPTA DOHIE
fetE U, BREHARIC R\ oA A bR 1 R MR SHSERIC B L 1o 0 & O & H Bt
#ARO 7T BRBHEELSBREOMBELRO B ©, BEtERE L FERRMZO BERESATREL
R ABHEZX (p<0.05) O HOPICRE L. (K 4) SATA %45 SPTA D HFIT2.00~
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X4 MFECI2BERESREONE

»
No. | 09 | @ | Wemd | Wemd) | Wjemp) | SPTA/SATA.
1 10 1000 0.674 67.4 1.350 2.00
2 10 1000 - 0.530 53.0 1.120 2,11
3 10 1000 0.218 21.8 0.583 2.67
4 3 1000 0.157 52.3 0.469 3.00 .
5 3 1000 . 0.068 226 | 0.180 2.64
6 3 500 0.045 30.0 - 0.157 3.49
7 3 500 0.013 8.7 0.067 5.15

* e EERC I HNEME

5.15C, ZEHHEERE/NIVE Z DR
KEL e hEMETEDIC.
xE =K

BERAEGEROMEILI0ERTHE Y,
%%H{JH% .«6. bi, %%E%IZ) 13) 22) 27) 33) s %%ﬂ
5@3) 10)11) l§) 17) 18) 21) 31) 32) %éﬁ;ﬁ) s Iﬂlﬁﬂﬂﬁ@m 30) ﬁE
MR O ROCRR I EHE W his, EE
e b EEEREREROMMR (JTC-3) A i
B, AT REERRMmT X o TFE L\V-EE
MEEZT, ZhIRRY LiziE—HK L.
MV~ OEEEBHERTIE, 1D M
FEHIARIC X B HFEMEI O RED O, 2) am=
— TR X % A EMRE OB, 3) Ml
LRI NEE O RBHEIREY, 4O Miargs
FIEHY PEAAREK? 7t L DAL, s
EOFENSD. BEIDDOHELRBALKH, &
NXEBERBRARPTFEYLE LT, »hOoHE
LUTMELRT W EL e »THD.
AHED X 5 MilREACBEELYBHT5%
&, B ofifac & OREOBERLLIER Lich
BEEBRCMS Z LIXTELRVAY, Mg

BECHEEEI BHIA TS L XHRELTE

S DEVDD.

SEEEST, RYAF LV VRTHREENH1/21T
BFELE #®EL, Kaufman'® IRY) AFvv
BORBROBER CTHEEREN ThXh3BRU55
BWF LT Lab~_te A, EHix, PBS wffifsi?
Wl L SRANICHE YV AF LV VERCZEIRET
(2.55MHz 3ti, Smm %) ¥ AW TREBEEL L
WMTEELRE Lich, BATHUE LR TERE
HLBFEIEREA R LRI,

¥ 7, EEI, BHEBRPMEsERCLR
BT A EAY 20T, MRAOHSEKKBHOK
», EEYBEEERPLCBEH IR, HoOFY
AF Vv VIELEEERS L7, Clarke et al. 1943,
B IER S O FA I BEERRA O #91/100 & R~ 723,
EEoOBF T, EERFOBRRILTL L YR
“Tlshoiz,

—7, ERRROBTFRESYILETIZ L 3E
BETH5. FH OBBRORHTIX, KEBGHTO
R EEBAMHEEETOmm 2 hY, ZhlET
BEEST BB ch ok, EEO BH
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AL IRE T 510cm FE#c Hot-. F o,

HRER (beam area) 13, %M v— 7 HHWHE
(LT SP 2B 05 B EOEBRED S0

K5, ARROBHEELELEREREIN 42
59.1em?, FHIELL.7cm T, MPEIEERER
1.2cm RHEPNCHHEETRS.

RAABERC LD ABERY RS BE
ﬁ,%%%#&bf%ﬁmﬁwﬁﬁﬁﬂiz—ﬂ
BAETH b, SATA, SATP, 'SPTA, SPTP % X
2%, %7 PD, PRF, £PREER], ROBEE
HROZMEIEA D T LR ENER I hind
HIEr BP0,

Fry'® 3 BB EEEERE C, 5/641 v+
(¥ 2mm) RORT v VAT A\ HE L,
BEX T e — TR R HRER L, Wl
TEED B CIEOMMBRELS BRETHY, &
PERL, EERERE @MRFBCHL TN VWEE
BEER T e — TS HES IV ERNT.
EH X Fuet al.l®™ L[EU<3.2mm ROy
HWT SPTA JIEX 7o, FHIRETOBE
12iL, SPTA/SATA Hit2~4+ Xhnd, ZEE
DRIEFERTH2.00~5.15L 12IF—FK L1c. $RER
DL TA &WKE T390, EEZORHTL
R CTH ot EFET, RIEFWEHK, PD, PRF,
SATA, SPTA, SATP, SPTP, fRaf:fs, KARaIEH

B BHRER L BIR LT USP-1 BIRIERD <L

ABEBC X b MFEFERRE L B L, BH% 4
RO 7 HCENRZN246%0240mW/cm? (\Fh
% SPTA) %% 7. :

BEERHOME Y A B CRE
L &, BB X002\, HEY
v, JTC-3 MRk %\ C BB T T,
2MHz, 607 HIBH T, 0.8~2.6W/cm?® © H\ 7
W ARRIEEIAIREE 2 b 5 & WME L. BSE T
1, Fuet all®® 285 4, f = — XA 2 % — V-79
FRicl.1MHz Bis % T ~150 R L, SHRs
MR~ DI FEEE L RS OB L LT
FKH IR, % 7cMBa%E O M#EI20.25~0.5W/cm?,
2 ' = = M IEIEE (2 0.5~1.0W/cm? (3
vl SPTA) L& L7. —7J, Watmough et

B EFiE33%12%

al.®® 13, T50KHz #BIFI% LR L~ L S mimEs
T Hela fifmcBH L, MK B 3Ir=2v

MY 7, ROCHE/NMagC BEENEEELE B
¥, 0.7W/cm? (S8P) Ll ECHifagisEs Lt & #
2 L7z, Webster et al.®® %, 3MHz, PD=2ms,
PRF=100Hz 1 2 % 5 0HRE 55 &,
0.5W/cm? (SPTP) T b aRBHFMRESS
B iR % A Fz. Loch et al.®iz X 3 &, 870KHz,
0.05~3W/cm? (SATA), 104 [RE T, &
b bR MR 08 Hela #8113 0. 1W/em?
(SATA) cHEHHIZR L.

Z & O B s 58 Al B E 240~ 246mW/cm®
(SPTA) 3 Webster et al.®? i yk\~TE A,
Loch et al.?® DRETIX, v b 2 &R
Hela #ifad v & v ¥ kb s aH s
ZH THhot-. HeLa #ifa o BEERE = oW T
Kaufman et al.'”{3 1W/cm?, Watmough et al.
W x, 0.7W/em® (SP) t#i4 1 7-. %7 mic-
rostreaming DJITNC X % AWAEEREIL, M
ROBHEC IS5 TRKE® L VWO ERNSS. L
e > CHiRROBEREI X ) BERRZ &V
BB EEZLNS. KPFROMEE L R UMk
BURE? OEICREET 20, RERE
BEEEEZ A LR E BigoT 5.
L I Lele? 13, Mg oMMAEHOME D, &
BORLAFERIHIT T\ 5. Clark et al!V 3
MEIDMIRRADEE > HEE LAy, Fu et al.’® 13,
M= S o ffa 73 G G, i o D X b Kk
NhsERN, BRO—FIZ SR,

BEHRNCEFRFEVE LS &, 213D Z2HEHEHR
B — T e 529 KB CcilkE k%
BVCTETRC X 5EB;Em5 X O HE L.

—J, TA) N BEFEEF¥SE (AIUM)%1,
BRI E 2 T~ Y BEBR R BHT 5 & X,
SPTA 71100mW/cm? i Ci3 31 Tr ¥ A fAME
A, % 1~5008 0\ 72Tix, SPTA
(W/em?) L BBEIFFR (S AP Tl v &
F 7R OF) (B) DOFEA50]/em® KiFTid X
DICEFEBENKTHIERI ARV L 0 BE
HEER LIz, EEOMPEEMEIRE 12 AIUM
DRBEBET 5D TR,
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BEROAGIERER L, BEH, v 7
— v 3 VROHBERC X 5 BEEERRD 5.
MEB RS X 2 BE BRSO EFES
HZbRIBE, TOMFRBFE LTEsy €7 —
va VIR LEL OIS, Lele® 13, Ak
L BB P CRE TALFrET -2 g VR
acoustic streaming DEEHVNX L B LIRNRT
béﬁ,ﬁﬁ%f%ﬂ@ﬁﬁﬁ%135#6%%
CSMEM =&# 3% & HREMH 34 bivie iz
Dl LR ER D, AP TR LI AIaEE
B+ €5 —> 3 VIBEELTWE 3D LR
b, F 4 EF — g VIZIL, stable cavitation
L transient cavitation DB H B DS, EEHH
WicBREERETRHIESAE TRV EE XD,

FAMETE, MRBEEROKEY EA IR
Td, F\u PD (160ps) 0 < AP CiIBSEER
DIEE X D, %\ PD (3~10ps) O A APET
TP AR EL 75 &, ThZhBEENG»FER
Lz, ThoofSE By EE T5L M
FaFE#End % & Uiz Clarke et al.“’) % Fu et
all® DL —FT 5. WEHBESED T A
— &L LTRIAEY LIS RBRTH B, -2
w%ﬁﬁﬁfm&<LTPﬁﬁﬁM%k®b%ﬂ
gy,

A FED— %u%i%u%%iﬁ%ﬁmﬁr;on
ARXO BT X BABEREFSHEIOME K OITEHFE
REL, POCH2EHRABEREYLH (19795, B
W) TRELL, BErRIcEL, HEEHAKMEE
WaAEBHMTH - BEEBCBRH T, @B HIEE-
F1FE¥RERARTEE, ROBHEHTHEMN, B
Bim AB¥*BEFRBEALEM, LOCSEROEH TR
EVWARBRTERFHAHUEEHEBRCRH T 5.

X ™

I HHIER - HEREBEO MR - R BT
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4+ EFFZEHE, 1979.
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3 1.2MHz BEHBHOBRERHR, HHBE
%hixcHE, 35:211, 1979,
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