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INTRODUCTION

for nroducinzg ultras and 1 '
LHOdUCIng ulirasound and the phys-

1eal & T s of sonic wWave Dronacation he £
=Ve Jropagatlon hzve been known for

many yezrs. The first major attemp

ot
ok

0 apply the knowledge

‘o

practically was made in the unsuccessful sezrch for the
oceanliner Titanic in 1912,
echnology to medical diagnosis were squally unsu
The research effort that accompanisd Vorld Sizr II developed
sonar devices to detect submarines. Since this first impor-
tant successful application of ultrasound technology, pro-
gress hzs been rapid. Because x-ray imaging in obstetrics
has been condemned, the use of ultrasonic imaging has flour-
ished. It has been estimated that by the mid-1980's virtuzl-
1y all infants born in the United States will have been
exposed to ultrasound in utero (Neill, 1977). Apparently

the vast majcrity of persons involved with obstetric ultra-
sonography ars of the opinion that diagnostic doses of
ultrasound are irmmocuous to the developing fetus. This
opinion is well supported by most of the liter=zture on the
subject. A recent article in "Science" (Popp znd Macovski,

1580) begins in accordance:

Ultrasound 1is very attractive as a dlagngst}o
method, Tron both ths satient's and the physiclan's
v ewpnol mhis non-ionizing form oI riglatlop 18
Vibiiﬂd at loﬁ ievels, a2nd no qa:mful p;§ects n»zn

he 25 years of very ac-
been found in num/niongr tl - 31{ﬂance of vatient

13 Aa ]l o)

T sl e - enfety, ease of performance,
discomfort, wrnar nt saiely,
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n k311 . .
can £111 102t 1f not 211 biological materisl

neither high nor focused. The probe (transducer) is in con-
stant motion znd the dose is Pulsed as the probe alternately
sends and receives an ultrasonic signal. Yet because of the
widespread use in obstetrics, involving the subtleties of
enetics, and because there is no reason to assume that
ultrasound has had any previous influence on our phylogenetic
experience, some researchers are looking for more sensitive
means of detecting biological damage. The immense diffi-

multiple generation study have preclud-

8]

culties involved in

ed any attempts to date (Fry, 1979). Consequently bioeffects

datz are based on first generation studies.

levels greatly in excess of the diagnostic r

. o 1 % af
reports of chromosomzl demage in human leukocytes after

(mzcIntosh 2nd Davey, 1970) were not
(1 n

n

nostic exposur

\xl

H

onfirmed in other laborsa

(@)
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seteration Attributed to Ultrasoung® (1
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Kage studies ip vitro
n2y not be the =ost sensitive

ns e indicator of zenetic

~ -

~% Nn28 recently been shown thet daensstic doges of

ultrasound mey retard rapldly growing tissues (Pizzarello

et 21., 19732). Doreen Leibeskind znd her sssociztes at the
Albert Zinstein College of ‘ledicine h2ve reported evidence

of DNA repzir synthesis lowing exposure to cliniczl levels

creased sister chromatid exchanges in lymphocytes following
a thirty minute clinical dose. Since probe motion was not
factor considered, no extrapolation to the actual clinical
situation is made,
The Radiztion Biology Section of Vanderbilt University
iedical Center is currently investigzating the parameter of

ellular attachment as an indicator of the effects of low

()

level ultrzsound on cultured humen cells. These researchers
have found thzat a significant number of cells become unat-

tached from their plastic substratum fo llowing a pulsed dose

Siegel et 21., 197%a). in =zdd-

ell within clinical limits (Sieg e 13

ition their results indicate a greater sensitivity in cells

. o
ig] ' human € i ssue. To insure that the
Orlginating from human embryonic tlssue 0 insu

P s Sl =4
cells were not merely shaken loose DY mechanical vibrations,

5 5 2 13+ o
were coupled to +he transducer wilin a

T

These results
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= 1L1Ty that the cell surface zrchitecture
~1 A 1 o o 1 1
sut L3 WO 10w levels of ultresound
nd.

=

assoclated wlth the phenomenon of cellylar attachment (Rose-
"oy 7 3 M ¢ L) . 3

nen, 1975). They have also been relzted to intercellular
adheslon and to interactions with lectins, unusuel 2lant ex-

. -], - g |
apta "o 2 5
Tracas 1 2re Know

Wn to agglutinate some cells and to stin-

to destroy the reproductive capacity of fifty percent of the
cell population under specific laboratory conditions). The

avalin-A (CON-A), phytohemegglutinin (FHA), and
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sokeweed mitogen (PWll) were used, as well as fucose (FUC) and

rs that have been

n
)

{

mennose (JEN)., The latter are two

ug
associzted with zlycoprotein cell surface receptors. A sur-
o
=l

vey of the literature failed %o find studies reportir

use of lactins or sugzrs with cultured human kidney c

(T=1 cells).



Cells were grown zs monolayers

- 44 Boe Gcosiom e s o
: 2 nunidified 57 CC, incubztors =2t ’70”

.‘l.~. T +3a T N 13 <
mal ZEssential -edium fortifisd with 104 fetal

R

t11 4 5 Were accomplished with 2.05% trypsin

and gentle agita Xperi

and gentle agitation. 411 experiments were begun while the
= e - ala Ll 44T

sj TS 9 3 - TN AR T
cells were 1n the exponential growil bhase, synchronized by
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The insonztion of the dishes was zccomplished with z lettler
Zlectronics "Scnicator”" therazpeutic ultrzsound device, using
Unirad conductivity jelly to assure good acoustic contact.
Lectins were obtained from Sigme Chemiczl Company.
According to the menufacturer, Type IV CCN-A (zn extract from

Conzvoliz snsiformes) agglutinates 2% fresh human type

FPhytohemagglutinin

o A "
es 2% fresh type A red

] 1 At 2. E amg/m]
3 ag/ol. kb 2.5 ag/nl

Un
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itogen (from Zhytolamces zmerimsms
- CCZ Zhericena} zgglutinates 2% frash
! 1°n tvype A redg 1 3
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S1Z &S 2150 the source of «-L(-)fucose (6-deoxy-L-

gelnctose/. rucose is known to be 2 core suzer of the olizo-
szgcnaride side cnains of some plasme membrens nroteins whien

grofruds Irom the cell surfazce (Lehninzer, 1375). Rezzent
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156 mz/n1l this sugar has been found (by Sigme) to inhibit

3

.gglutinating effect of CON-A on type 0 red blood cells.
Flating efficiency experiments (PE-1 and PE-2) were

conducted prelininarily. Replicate 100mm petri dishes were

supplied with 10 ml of culture mediz, then with the cells.
ne nunmber of cells per dish wzs estimatsd at 300 by count-
ins on the hemocviometer. The dishes were incubated for two

, then retrieved 2nd stained with methylene blue to

Dl =431 e <rowa ¥
visualize colony fermations. Plzting efficiency was then

The plating effic
+2 % in the z2ppendlX.
63%: results are tebulated in the 2pC

] a 1 -
The Lasq sxperiments followe
techniques but seeding 1

.o g Ff media. =Tter a
oo Armm dishes containing 5 ml of meais
| P2 =1 ! Ll il
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inimun of one hour in +the incubator to 211qw the cells to
recover iron the "insuli" of tryvsinization and to resttach
vo the substratum, the dishes ‘'ere retrieved and insonated at
doses verying from 0 to 0.8 /cm9 for one ninute. They wers
then returned to the incubator for two we ks, after which

the colonles were stained and counted, The results of the

1D.n eXperiments are 1i g & ~ '
=50 T vS 2re llsted in the appendix zs C-1 throu

L8 - -

b the 3 33 a "
=2y tae conirol dishes; 0.1-1 through J.1-5, the dishes
SAo -\:-'u-\(; L 3 wrd ,2 e N .

insonated &% oL H/CH I0Or One minute, etc. The mezn, the

5
¥

steznderd deviation, and the percent of control for ezach five
e series zre listed with the lest ¢ entry of the group.

~fter the first experiment it was pparent that 0.6 W/cm™

‘)’l

1ibits the reproductive capacity of these cells,

This level of insonation was omitted in the subsequent ex-

The techniques used in the lectin and sugar exper-
iments were siailar to those of the uD experiments. Culture
media containing the stated dilution of lectin or sugar was
introduced into ezch dish. The number of cells then added

into account

(V5

. Ji . T / Al
to each dish was czlculated to be 150, takin

2
at 003‘ ‘”//Cm ,

the platine efficiency error. Insonation was

(D
L)

value indicated by the previous LD,

U
(&)

the approximate LD.,

_/u

experiments The results of these experiments are tabulated

F

. 3y non
letter "S" (insonated) or "V (not

in the appendix as the
-

' The first number rep-
followed by two numbers. The first nuw

ctin in micrograms per

(D



C, respectively. ZEach curve shows a should f sublethe

; b Snows a shoulder of sublethsl
injury extending to 0.1 W/en“. & sumrary of these experi-
ments 1is cwn in Figure 1-D as +the averaged percent of con-

trcl =3 2 Tunction of ultrasonic dose. The dose that result-
ed in the reproductive death of fifty percent of the cells

k>

.3 “Wjenm”. This value represents the experimentally
established I _45A dose of ultrasound to T-1 cells.

The percent of control values for the lectin and sugar
igure 2. Statistical znalysis
of the dzte zenerated in these experiments, comparing each
szmpnle set to the controls, is displayed in Figure 3 employ-

(Steel and Torrie, 1960C).

ot

ing Duncan's ultiple Range Tes

Results obtained with CON-A at all concentrations

W
S
’.J
Q
=3
m
=
Q
=
7
o
o

insonzsted series.
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v Sotisrent Irom control. The reproductive sur
44 - 17 - - B ~ —— -
v2l o0f 22112 SwhAcA +
LV 8 J 4 vC Ll> LTS OIS ar 3 , -
SYH=Led In The presence of 5 ue/ml SHA
2 o ’_’/ A — - ]
O ever 29 @939 FS e . .
> = WS g [ 4 N o s
v =niticantly inhibited (Figure 3). This effect
~ - E

n the uninsonzted correlate

from the control nezn in the uninsonated group, but did not
significantly differ from the control mean in the insonated

group. At other concentrations tested, no significant dif-

iflannose at 10 nil resulted in 2 zero percent reproduc-
tive survival of the cells, ultrasound notwithstanding.

Thus, this datz has been omitted from Ffigure 3. The presence
esger concentrations of mennose in the culture mediz hed
no zpozrent effect on cell survival in the insonated groups,
vet caused 2 siznificant decrease in survivel in the uninson-
ated groups.

1+ 211 concentrations tested of fucose,

. ~ 3 117
innibitad in the uninsonzted cell

isal

. . . ¢ diffe
decrease in survivzl, significantly dil-eren
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oLt LC2TL or the Uul+yecArima £
codlresound effect since the
SRS o Eoe Rl aka! o e i - - 2
( Mg SRS I 1 s SNt in -~ &
& o ~& Sl1 U 4 O e 1 3 2
. = YOV Rne insonzted znd uninsonzted
2 unlnsonzted
-
~N O :
o o ke e B

igure 4, 2g2in using

wn

l in the pre-

2ny other experimental treat-

may involve cell surface

binding sites since PHA =2t 5 wg/ml has no effsct on uninson-

zted c2lls but greatly depresses survival in insonated cells.

(Figure 4. Fucose at 10 nM depresses cell survival in both

(@]

t may result solely from the presence
1

ugzr in the culture media.
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se. The LD50 was determined to
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FIGURE 2. A comparison of percent of control values. Numbers above lectin

names represent concentration in.ag/ml. Numbers above sSugar names
represent concentration in millimoles. Continuous lines show average
values for uninsonzted sample sets. Dotted lines show averzage values
Tor sample sets insonated at 0.3 W/cm?.
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0=5 . 01 0=0  0=0.5
(132) (137) (145) (1354)

. and CONTROL

5-5 S-Oos S-O S_l ~
(:l (5"_‘\ 2\ O-D 0-005 O-l -
’ (62)  (76) (130) (132) (135) %135\
POKEWEED :IITOGEN (mg/ml) and CONTROL
5=0 2 | S=0.5 S§=5
62) 4l ] 0-5 .~ 0-1 ~0 -
(62) (6 (68) (69) 2) (23) @08 (s
MANNOSE (mM) and CONTROL
Z.0,1 S=1 Wy 0=0s1 ©0=1
[] - O"O
(54) (56) (62) (102) (126) (145)
FUCOSE (mM) and CONTROL
S-10 S=0.1 S=1 S=0 1 | 0-10 0-0.1 0=0
(19)  (44) (51)  (62) (116) (119) (128) (145)

FICURE 3. Duncan's Multiple Range Test is used to compare
cach sample set with the control. The group
designations are 2S follows: "S" indicates inson=-
ation at the LD50, no" indicates no insonation.
Numbers after these leters indicate the concen=
tration of the lectin in mg/ml, or of the sugar
in millimoles. The average wumber of cclonies in
the group is given in par@nthe§es.under the
designation. Underlying lines indicate no signif-
jcant difference 2t p= 0.05. ;
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Cudunl wnlle sound requires 2 mediun
for 1ts transaissi : i
for 1581on. inother is that ultresound usually
does not czuse ionizatj e
0 nization in matter; thus effects related to

ed to explain interzctions of ionizing rzdiztions with

curve when the surviving frzction is plotted as a function

of dose. The survival curve following ultrzsonic radiation,

however, is spproximately linear since 2ll structural ele-

nent cell azre hit (Figure 1).

of th

]
[4]

Three zeneral categories of interactions of ultrasound
T gener

aker and Dalrymple, 1373).

§

[Q]
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P
€8

2

ni

()]

with living tissue are reco

P s o " anica
"Thermzl effects" result from the friction of mechanical

" gccur in many liquids as

. o & :'l J-S
vibrztions., "Cavitational eliect
- 35wy 1iquids contain gasses
5 3 t ordinary -1lquils =
2 result of ultrasound. -.08T OF !
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quence oi the collapse Phenomenon is the production of

ous to one of the nost de=n

- v

icient to brezk subcellular siructures
a reson2nce phenorenon; thus its importance in the clinic is
negligible because the administered doses are pulsed.

include everything other than the thermal

snd cavitztional effects, implying = lack of knowledge of the

aventz thzt occur between the application of the stimulus
cnd the observation of the effect. Disruptions of macro-
molecules, chemiczl reaction rates and cell surface charges,
among other reported phenomena, ray ensuc. The effect of ¢
doses uzed in this experiment may involve

- S +7 108e DN
noted, with the probable exception of the c0Ll8D2SE :

Tl vi L Ll

i E % e v indicating &n am-
Results obszerved during this study ind =

I )
effect may be occurring 2t the
i@ s vyi+th the
P reracting with the
. = (IR, [ lec‘t_ﬂs are 1 n
The presumption mede is that
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Of considerable clinical significance is tha liklihood
that a2ttachment may be linked to "ancho e dependence",
i.e., the inzbility of normal cells to r / end repli-
cate unless azttached to substrata. rartwcx larly per-
tinent for zssessing the bilological consequences of
ultrzsonography is The presunption thet alterations

in zttachment may affect lﬂUllnt”thﬂ in situ, morpho-
genesis, znd ontogenesis. In our view, these 1w>11—
cations emerging from the present 1nvest1gatlons urgent-
1y call for further studies.
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Cultured human xidney cells (P-1 cells) were incubeted in
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2inute., The surviving frac-

fects of the lecting an

- iis

were not siznificantlv
erent from control. Fhytchemazzlutinin (5 ag/nl) sisnifi-
inhivited cell survival following insonation, but

did nct inhibit the survival of uninsonztsd cells Poke-

. LT

the survival of uninsonsted cells. znnose had no zpparent
efTect on cell survival in the insonated groups, yet caused

t decrease in survival in the uninsonated groups.
it all tested concentrztions of fucose survival was inhibited
in the uninsonated cell cultures, and 2t 0.1 =i and 10 mil

the medium significantly

=

the presence of this sugzr 1

cells. The most apparent
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lecrezsed survival in insonzte
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rests that cell membrane Cnanges
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EXPERIMENTS
PLATING EFFICIENCY EXPERIVENTS
EXPERIVENT PLATE COLONIES % oF 30
PE-1 5 213 =
2 209 69.7
3 218 72,7
4 208 69.3
7E-2 1 186 2
2 194 64,7
3 206 68.7
4 197 65.7
I. LD., EXPERIMENTS:
50
EXPERIMENT _ PIATE COLONIES X _SD % CONTROL
LD-1 C-1 97
C=2 111
C=3 103
C-4 105
C=5 99 103 6 100
0.1-1 92
O.l"3 109
Ool-u’ 120
1
0.1-5 95 lo4 11 101
0.2-1 69
0.2=2 77
0.2=3 81
0.2-k 90
8 3 76
0.2-5 72 i
0. 3-1 L5



o 51
il 58
G3-4 L2
Q:3=-5 Ll 48 7 "
Q.41 23 .
Ool4=2 9
0.4<3 31
O4=l 21
L 21 25 3 24
0.5=1 0
0.5=2 0
0.5=3 3
Q¢ 5=4 1
0.5=-5 2 2 2
0.6=1 0
0.6=2 0
0.6=3 0
0.6=4 0
0,6=5 0 0 0
D=2 c-1 82
C=-2 . 95
C=3 88
c-4 79
Bt 85 86 6 100
0.1-1 90
0, w2 101
0.1-3 82
0.1-k 83
0,15 2 7 =
0,2-1 71
62

0,2=2



COLON IES

26

6,53 - - X _SD % CONTROL
Qed<=5 55 63 Va ol
0.3=1 Lo
0.3-2 L2
0.3-3 Ly
Ou3 =4 3
Qe3=5 36 b1 oL L3
O =1 19
Del4=2 17
Oelt=3 28
Ou it 21
Quk=5 25 29 i 26
0e5=1 1
0o 5=2 0
0e5=3 1
0. 5=4 2
D¢ 5=9 0 0.8 0.9
1D-3 g-1 110
C=2 95
Cc-3 92
C=4 102
c-5 98 99 7 100
0.1-1 113
0ul=2 88
0e1-3 96
s 1=l 92
0.1-5 80 ol 12 99
Gl 58
0,2-2 71
\2=3 78
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o FLATE  _COLONIES 7 «
o \\”-\~ X SD _LCONT:OL
L= 69
Qe2=5 & .
= < 70
0.3-1 55
003—2 ua
Bed=3 51
003-“' 50
Qel4=2 18
0u4=3 14
O =l 2l
0.14'-5 21 18 u 18
005-1 O
Oa5"‘2 3
0.5=3 0
OIS-LJ' O
005-5 O Ou6 O|6
LECTIN AND SUGAR EXPERIMENTS:
EXPERI!IENT PIATE COLONIES x SD % CONTROL
CONTROL 0=-0-1 152
0=0=2 =
0-0-3 158
0=-0-4 127
0-0=5 W2 bbb 100
§-0-1 56
§=0=2 70
S=0-3 -
g .0=L 71
S LR
$-0-5 - 2 L
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IE] IE COLONIES % sp _%_CONTROL
CON=-A O=.5-1 -
0-.5-2 156
0-.5-3 145
3-.5-4 151
0=.5=5 165 154 8 106
S=.5-1 65
S=.5-2 81
3-05-3 77
S-,S—Ll' 714'
. 96 79 11 bLi
0-1-1 121
0-1-2 135
0-1-3 124
0-1-4 142
0-1-5 161 137 16 &
Bel=l 62
S=1-2 -
§-1=3 47
S=1-4 59
S-1-5 80 62 1b o]
0-5-2 i
0_5_3 120
0-5-4 - ]
0_5-5 1'25 132 9 22
5-5-1 -
§-5-2 7
S=5=3 e
5_5_4 55 40
5-5-5 ~ ==




=]

;_.~q COLONIES  § sp _5 CoNTROL
~.5-1 112
0=, 52 141
Os 53 125
0=~.5-4 123
0=,5=5 157 132 18 91
Sey5=1 -~
S 5=2 Lg
S=.5=3 50
S-.5-4 38
5=.5-5 85 20 11 —
0=1-1 136
0-1-2 150
0-1-3 133
o ] 128
0-1-5 128 135 o 23
I G 97
S P 82
§-1~3 s
S=1-4 51
S-1-5 56 76 21 =
051 123
QB2 119
0-5=3 136
0~3-4 e
0-5-5 129 130 10 =
" 12
S-5-2 -
52523 14
) 1
s mome

29



=R PLLTE COLONIES X _SD % CONTROL

0=.5=1 128

0=¢5=2 110

0=.5=3 135

0=.5-4 -

0=.5-5 146 130 1% 90
S=-.5=1 63

S=¢5=2 66

S=.5=3 ho

S~.5-4 T2

S=.5=5 38 68 1L 47
0-1-1 1k

0=1-2 155

0-1-3 117

Qe oeld 122

0-1-5 131 — e
8§l 79

Sal=2 62

8al4 2k

S=1-4 65

_ 92 & 2% Ll
0-5-1 110

0-5-2 B

0-5-3 29

0=5-L 118

0=5=5 121 112 10 2
5-5-1 ~

S=5-2 , 45

$-5-3 -

g 61 ) 48
. ol 69 7
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LATE _ _COLONIES 7 s
ES__X SD % CONTROL

0=,1=-1 88
O L2 100
o S W 53
O o 1l 114
o 110 102 10 70
S-.1-1 53
S=.1=2 Lh
S=.1-3 8
S=u1=4 51
S-.1-5 62 S 7 =z
f=led -
s 00 P 142
0-1-3 113

S 0=1-L 121
0-1-5 130 126 12 =
10 s -
Sl 55
S-1-3 52
-1k 42
5-1-5 08 b4 =
0-10-1 0
0-10-2 0
0=10=3 0
0=-10=4 0
0-10=5 9
§-10-1 .
S=10-2 .
5-10-3 .
5-10-4 .
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TUCOSE oLl 123
O=sl=2 119
0=.1=3 125
d=o1l=l 134
0=,1=5 140 128
S=.1-1 Lo
S=.1=2 )
S=.1=3 Lo
S-.1-4 51
S=.1-5 Lo Ly
0-1-1 136
0-1-2 109
0-1-3 —
0=1-L 98
0=1-5 128 116
S-1-1 53
§-1-2 52
S=1-3 57
S=1-4 L7
S=1-5 L2 21
0=-10-1 112
0-10-2 119
0=10=3 115
0=-10=4 121
0-10-5 129 Lo
5-10-1 11
5-10-2 22
5-10-3 19
5-10-4 17
§-10-5 Al -
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