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Abstract

Effects of Continuous Therapeutic Ultrasound
on Subcutaneous Murine Melanoma

Kim Ji-won, B.H.Sc., RP.T.
Dept. of Rehabilitation, The Graduate School, Yonsei University
Lee Kuk-il, B.H.Sc., R.P.T.
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The use of therapeutic ultrasound(US) in humans with malignant neoplasms has been
contraindicated in physical therapy practice. Some studies have shown that results after
application of US differ according to tumor type and penetration depth. The purposes of
this study were to determine the effects of US on melanoma in mice and to determine
treatment dosage. Twenty-four female C57BL/6 mice, age 8 weeks. The right flank of all
mice was shaved, and a 0.1 ml suspension of cells was injected subcutaneously into the
animals’ right flank. In this study, 24 subjects were randomly divided into three groups:
experimental group 1(n=8), experimental group 2(n=8), control group(n=8). In the
experimental group 1, animals received continuous 3 MHz US treatment, administered at 2.0
W/em® for five minutes. In experimental group 2, animals received continuous 3 MHz US
treatment, administered at 1.0 W/em® for 5 minutes. The control group received the same
handling as other experimental groups, including rodent chow, water, US gel application but
US head pressure without the power turned on. After 10 days treatment, all mice were
killed with a potassium solution. Tumors were excised and weighed on an electrical halance
and fixed in a 10% neutral buffered formalin solution. Tumor weights were smaller in
experimental group 2(0.3838 g) than in the control group(0.6275 g). Tumor weights of the
experimental group 1(0.015 g) were smaller than those of experimental group 2. Continuous
therapeutic US decreased the weight of subcutaneous melanoma tumors in mice. The
treatment dosage(20 W/cm®) we suggest was more effective than earlier studies on
decreasing tumor size with ultrasound.

Key Words : C57BL/6; Continuous ultrasound; Melanoma.

_11_.



FTHEEGR LA 47 415
KAUTPT Vol. 4 No. 1. 1997.
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FUS FEAE, YAHAE, FeH e
el 3 2l (conventional) X &(Dubois, 1992)2]
AA X729 AR & (Rosenberg, 1992), 4
2] & (Noell, 1982) 5 4% e o83y
Aaso] KAk o] F A=A FHelectro
magnetic wave)g& o|&3l= Fxgy, nF
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(Dubois, 1992). {7t H3F%e 149
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(high-intensity therapeutic ultrasound, ©]3&}
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AL Z2E&9 (scanned intensity modulated
focused ultrasound, ©]8 SIMFUZtx %), =
ZER HIFAA % & ¥ (high-intensity
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Lele(1989)+ &% Morrisdl ZE 400
W/em®, 34 4 MHz®] HITUE 473 3
§3te] F&ol oA #AFE Ugig
1, SIMFU Al2&¥& o]&3lo 3uiA] 4
B E%*Z-‘.Z—IOHH o)Al ANELEE
g F AJEE BadH) Yang $(1992)
2 7 T3 *J?éiﬁl& F Cl13009 3=
550 W/em®, #34 4 MHz® HIFUE 3§
o) FUdL& AFN

a8y Y EAEAME GA4F S
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et A 28&F uel 2e9s 249 A
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FAHA ez TFEJL, 19499
Erlangenol X 7N E ZA| &3 o= 287
& AR ATE3A] = Aol FYHY

7] W&ot} HZ Rosenbaum £(1995)&
CL57BL/6°) %<l rhabdomyosarcoma® 3
dsto] Zx= 1 W/em’, F34 3 MHzo
47 ¢l(continuous) X &HE 58 43t
F4o Hye A7 F4gE B39 F
FEEAY FYolga 4o HE R
A8E 28 AHgol F7|Y& AFZAsA
}.

a8 Lejbkowicz 5(1992)8] A A9 A
o o&H zgio] WUHEA wgaE A
T F3dy FAfdE _-.ujrzli"ﬂ 3}
2+t 96%9}F 65%9 #aE Bt Longo ¥
(1975)9] Bl o3t Furth—columbiasq &
sz ojE FYAEE W1 U= Fi
o Y 2&HAE LAY o, 2Fe #F
423t3 8 (excavation)®o] g ow oy
F E2YH e 99 FA4E deux gt
o E¥ &3F(host) HEVITS FUHE uk
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(Longo %, 1976). Marmor %(1979) %%
EMT6¢} KHJIE # 407BALB/cKadl ¢ 3}
I FIg 517 MHz® 283t o) §ut
¥ 4279 %9 43, 435 44, 44555
%7} 15, 30, 4582 H L3 259 =&
A kol F7rgtel wel F%9 X & (rate of
eradication)® 43X A(growth delay)e]
Haden, 283 FHERAY xEvld
A% F49 vlAEEe Hol(incapability) 2
FTEHRAY 27 4= ol W 2RSS
o WM& Y Az Hod Eqt =
28 2S99 Bl QHEln, AR
2 o 2k =¥ £ = wyolg
3 A|¢rEt . Babbs9t DeWitt(1981)¢] <]
3 Fgo] i 29X FY BEHL F9
AazA e &£4%0] FEE NTEY FS
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5HE 984 xgde 73 7 z2dgn
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57178 Y. 289 d7En, F¢=23
oA F9 ANzAY &xETY ¢ &
=7t R HEd FHAEH @R o] He
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FYYSFE ZARHYU 22450 M A
kA (hypoxic), A (acidotic) TEFZILEF
2 4do ngsiy @xs7t 53 f5#4FHoY
o}, weld VAo ABFF(ow perfusion)S
MR 2 29Y94E AYFHA 87 4E
Holn gl dolgta &4t Kremkau (1982)
= 18 Fgdo i 2gve] and #I
AFA dam 7|dd wE FFHFEY
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o g oy dAsedn 2EFHAHEE
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g3kl 80% WA 90%<2] AFHA FEFAAL
< AFAL, F A8 Fo& Aol AN
ta gk =8 Jane S(1979)E ZEAET
o2 vaFge #2E /AL ¢ JYdL B
k- 0=

uela olE FAXNE B HyPATelA
AaRze Fas, ALE TEEHA A3
A AEITE Fgo FH =27, HASE
Zol, 2ot dig U@z we Air} @
23 4 9tk Kremkau(1979)ol <3ld x|
4537 %o g 2&9e AHE AFFH
EES A 43, g =7A 49 #
VeI, 22 =FdqMe 249 57
g etz @k oo 5 FYAE
ug FYXNEY 7M1 oAU HMFE e
7] 1% B d7Eo] AYso] goy ofF
u] &3 Aol

a2Eg B AFdAe 2&THd A8 F
g ZANEAHRE BuF HAPAT 5 Rosen-
baum(1995)¢] &% AEEF(1 Wem’, 3
MHz, 58)& FdstA ol &3tdqd T4 FF7
% ey s NPzt G Z4F0 A
g3t AgE2Egn ez F/H7 b
2o 2L} vAE JFS Yolri, E
8 Draper 5(1995)° 2j8] AAlg MZL A
W@ Wem', 3 MHz, 58)8 E4F 3
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o] @79 7tdL thia #rh

LN L

=2
ol =y
=

AR, A= 1 Wen’, 94 3 MHz, 58
B9 xe9z2 XNaF Fol T FA #9
g Za7t e Aot

24, % 2 Wem?, 34 3 MHz, 58
Zo 2¢02 NEF To| A% 1 Wemd, F
34 3 MHz, 5% %¢ s FRo F%
EA Qo] FosA o B AV AS

Aot}

I, gi7ey

1. 2gdy

E d3e 4A8 8y AEFE ASA
A ATEE AF gFHI, FFAT 18 gollA
22 gAlolel 4R C57BL/6 24ulEl & o=
R A=)

2. 497+

B AFoMe 283 AE7IFE Sonsostat
833& A&y, 289 AEvFAE S 253
AEE Ag AHgslqact 2% FAE A3}
7] 918 AAA L A&

3. 439y

Agyae 4y HygozRy ATLe
e dMusa 4FH0s JHEE A}
Sl 297 AN F FEFYH o] F
9l 43 #EE A APdE F+E
nole 92 Zsith FAY FEAEE AAN
sn fFodzdst vAEEAA wYEHAL
o}, o) A Estxb] 28 0.1 ml, 05X10°70e] F%
Ax7t 478 sl FY= A HRosenbaum,
1995).

FYAE FY F AN WyESH FE
A4 347 AL Hadoh 39 F, A
g FA992 AEdo APFIM0=Y), FIT
2(n=8), W2 Z(n=8)¢] 32§ & v}

AGE1H A8P2E 4 BE 2 Wend, F
54 3 MHz8 2% 1 Woem®, 334 3 MHz9)
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g 2% & R AEBE 1YY
g f2Ee 5&—8— g A9
& Bl Aol 49 A4EF 9

28 58T gL ol e

13712} ?-} =79 ’éﬁtﬂ’a”
-T’—, 47 B FH7t gaR & o
ZZ(on-demand basis)2Z ¥&
El&’i‘l}. BE A8 ¥ F9 HA #FLYE F
oate BT AMRA S th(Jaw, 1995). Had
Zge ZA 10% T4 g43E Taudoz
nAEh HAAES o] 83l AR F FUY
2AE &As4rh

1. AYF 4871, 4822, dEzTY FEFA

4. EM2Y

A g FHolv  dYEAEY(one-way
ANOVA)L.2 3}AR, ol FoF Aolg RS
A4 ol= W AboldlA Fol7t AEAE B
A8 Duncan¥H o2 43t £49 #9
FE& 0052 Ak

m. 2

1. 8% 49+¥1, 4932, gz F
% FA 54 A(ED)

(&9 @)
B EFA} kA
gl 0.0150 0.0193 0.0026
4972 0.3838 0.1512 0.1600
15 Bty 0.6275 0.3624 0.9192
2. 49F1, 4912, dxzTt FETA

L
AETl, 4872, ELdy FEHA

HEFE 48 EAEYE e o FAY
Ho2 A Aol7t AUTHER).

2. AETL, 4972, HE2TT FEFA AP v
AT E st EHEN F#& Prob.
B A gds 2 1.5215 0.7607 147682 0.0001
A 21 1.0817 0.0615
A 23 2.6032

o A Alolol Hj ol7k UAEXR
ol 7] $3k o] 5L Duncani o AYE
29} gz, Ad 13 A2 4 v

e W d¥aest dxT, 49213 487
2 BN foE o]z} AUTHp<0.05).
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B Aol dddd dzay FEFAE
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4(Rosenbaumn, 1995)% 5% F¢ g & %
FFANME dPFo] HETRY foldH
#asAt. NEL AEAFE A8
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AR frefstA gastArt. oJReR o F
7b2 X EWyel BT A8 F FYFA T
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o A8UFE B4 A5YHe] FEFAY 7
2o O 27 &S € F AU

ol MEE 253 AgHF 71&EY %
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2 1097 19 13 A&dd FAaF] HEF
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(1993)¢] rael 3 AFFd 2d BFF
W #E3 Wem®, 94 5 MHz9 2e%
2 1Y 684 XNastdq 4FAHYL FHAALS
BAcE Hare $(1982)8 BuoA 2 vl
21t 28l EMT69F KHJIE 407BALB/cKa
o F#dstn Fo4 517 MHzY 2&3=2 F
kol ZA w7} 43, 435, 44, 445249 o 7
Ztoll 3] 15, 30, 4587 XNE ¥ 229 &
gte] g =& A|Te] FUhge] wet T4
&3 AZAde  fFYsA  FUhsdde
Marmor S(1979)9) R a9l HAlg e 2&
g ge] we& FIATY XFr1AL FF3
A g FAAT 2Lt wwd Ay
2 OAEY oA HEtel MEL dFd 9%
S FE Aoz g8A Uth

Liibbe¢t Bergemann(1994)
AGAERY 52 =g 72 U3,
xtol 2 7 A" (boundary surface)oll 4 &3

= o
g3

FEAE

o

wave)’t ¥
AAW @A
457 =&

9]  4Z 3}(longitudinal
(transverse wave)Z ZHEH:=
(boundary phenomena)oll 2] 3}
zZ N 227t A58tk ol 2xWE} A
FAZRG 2o A% FIAE F49
A gL vt A 282 2859 9
el ado) 2% FF 3 cavitation)Z FA
g AZUY F719e(bubble)o] ©ld 43
EAlo #EE {Esln AEXW A E
Fsly, AEDG AF28& FEda mAsEs
HsiAA HEZE A S Husd ®=3
Marmor 5(1979)2 %<3t o3 2EZ 771
g FLHAEYTE F3S 4FS vAY, &
$zHo] 57} 4T EFHAL W %9
VARG FEEE dadd 9o T4
AE7t 7HesdolAgn Budtgdud. Fy4
1.2 MHz &4 232 DNA £9¢ A
&3 AT Kondo F(1985)& %&1he]

galzel gad] o olFu B3 (double
strand break)®t F%5389 $FY7|(water
radicaDEZ <A ddw EF(single-strand

break)& R I on, olFw T 2% F
3 3% (template activity)?] 2¥t7+A9l gdn)
el o8 AT A% BAE BHudy
o}, olBt}d <A Riesz¥ Kondo(1980)= 22
o] g AfF A71 FH(free radical
formation)el] #3 A DNA Z&, &4
B &4 (enzyme inactivation), AW 413
(lipid peroxidation)& X 13%t}. Dinno %
(1989)¢ 7% 500 mW/cm’s} 100 mW/em®3l
Ny gde PFre 2&3E Hxdd H43
o HETW BEIHRE o] o|F(ion transport),
29 ¥gE @@} ATFolA, 2L 93
T AEe Rz olF 549 WE &
fr #ZE ol 2 oA ALAHE Eki
gHEo] A g0 & JFgL vF S B

= R
T
1 Q.
=

d

% AFMe 7189 2&9A 87} rhabdo
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AP AT (Rosenbaum, 1995)9+= 2 o9}
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