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The tech~□ - □gy fo r ] r educing ultr2sound and tie phys 

ic~l as,e c ts of soni c wave ) r opaga t i on have been known fo r 

72.ny ·ee.r s . .,,, .£'I. ~ • 

i ne Llrs t maJ or a ttempt t o apply t he knowl edge 

pr ~cticallJ ~a s ~ade in t he uns ucces sful sea rch f or t he 

oceanline~ T~tanic i n 1 0 12 - ., - . ~a rly a tte~pts t o app l y t hi s 

~echnol ogy to ~edica l d i a
0
anos i s w~r e "ru"llv c "1 

- u - ~~ ~ u un~uc ces s r u . 

Tj e r esearc~ e f fo r t that ac co~)ani ed ~orld ~ar II de veloped 

son~r devi ces to de tect submar i nes . Si~ce this first i mpor 

tmt succ essful 2.p:9lica tion of ul tr2.sound t echnology , pr o

gress !1.2. S be en rapid . Because x -ray i naging in obstetrics 

has been condemned , the us e of ultr a sonic i maging has flour 

i shed . It has been es t i ma ted t ha t by t he mi d- 1980 1 s v irtual 

ly all i nf an ts born in the Unite d St a tes will have been 

exposed to ultrasound in ut er o (N eill , 1977 ) . Apparently 

the vast ma j crity of per s ons involved wi th obste tric ~ltr~-

sonogr a phy of the opi nion that di ag:n.os tic doses of 

ultras ound are innocuous to the developi ng fetus . Thi s 

opi nion i s ~ell s upported by ~ost of t he li t era t ure on t he 

sub j ect . A re cer. t artic l e in "Sci ence " (?opp and i111acovski , 

1] 80) begins i n 2ccor dance : 

Ul . ~ ~ o1.,1nd 1· s ve r v a ttr active as a di a '?n?s tic 
,:;re. .:) ·· u d · , h 1c 1an ' c: 

t hod f r o~ ~oth t he patient ' s an i:;ne ~ -yst . . ~ 
me - , - -' . - i· n~ f or m of r r::i a1a 1 on 1s • · · mh i s non- 1on1:::::: s '· ·- -
vi ew~oin i:;: ~ -- ~ ~ l s ~nd no har ~ful effects have 
a-opl1 ed 3. L, l ow ~8 re ' _ +h o 0 5 yo '.C; r s of very ac -.. - - , . ~ ns over " - .__ '"''"'" -been f ound i n num~ _ t · ·mho qbc:enc e of ua ti ent .... ; • · c2l ,, -.yp l1c2. i on . i '"' -- ~ " -t., l Ve c .:.. 2.:11 · c.;.. r- _ -'- . -~e t y ease of ;Jerr or mance , 

• ~ ... r ·,u :::i r on \., Sa .!. V I -d1s c o~1or l, , ~}~- -



t ~ect i s ~or e controversi2. l than this c~r efully worded 

s t a te~ent l eads the r eade r t ~ o ~e lieve . At pr esent there is 
no ~-:no·.v .. d2.nge r 2.ss oci2. te d 'N i· J..1., h 1 · · 

c inica ultrasonography , 

but evi dence has been pr esented t o sho•.·' - , tha t the pr ocedure 
J.. , t ' 1 ~ay no~ oe en ire y ha r mless . 

It :s clea r t h2.t h i ah i-+c~si +y 
0 l _ ._, ...,. J.! -- \.I ' f ocus ed ul t r as ound 

can ki 77 70- t " f · 11 b " · 
• -.l..~ •. · .:::. L noi:; 2. • io l ogic2. l mater i 2. l s . In the 

r-li:i i c o--"' ... ource ti,, · ' · · 1 
- - - · - - , • .1. 1_; - ~ , ne in,:;ens i ty eve l s encounter ed 2r e 

2 

~either high nor focused . The probe (tr ansducer ) is in con

st2.nt :::oti on s.nd t he dose is pulsed as the pr obe 2.lte r n2.te l y 

sends and r e ce i ves 2.n ultrasonic s i gna l . Yet be cause of the 

widespr ead use i n obstetrics , i nvo l ving t he subtlet i es of 

genetics , and be ca use t he r e i s no r eas on t o assume that 

ultr asound has had any pr evious influence on our phylogenet i c 

exper i ence , some r esearc he r s a r e looki ng fo r more sensiti ve 

means of de t ec t i ng bi ological damage . The i mmense di f fi 

cul t i es i nvolved in a mul t i pl e gener a tion study have pr eclud 

ed any atte~_ts to da t e (Fry , 1979) . Consequent ly bi oe f fects 

da ta a r e based on fi r st generation stuQies . 

Most publ ished wor ks re por t d2~age only at exposur e 

levels gr ea tly in excess of the di2gnos t ic r ange . 3ar ly 

re ports of chr omosoma l d2~age i n human leuko cytes af te r 

,.;l· r~-,...r.-t~c (rr.rcintoch :::i nd Davev , 1970) wer e not 
" 0. 8 , 1•..1 :::, .L ex:)osure .. c. -· ..., :.,. v 

t · s Subsequently M2cintosh confi r ~ed i n ot he r l abo r 2· or1e • 



· -,.,i , c. ..... ~t1· on ' -'-+ · 1-.. t 
_-_ .... .. c:c ... _~ - rt •,.., ri ..;u e::I t o ltra sound " (1 974 ; . It h2. s since 
tee~ su~ies te d ~h2 ~ the c' -nr o171oso;,1e - 'or e"'.':\.-:::_p-e t _, . . . t 0

- ~ c S Uu.ies in Vi r o 
.Tl~ 'J not be t he :-1Os t S enc i ti · . · __ ..., , ve i ndic8. tor of gene tic danage . 

It h~s r ecently been shown th~t di ~ t· . -- '"- __ ,gnos ic dos es of 
ul t r ~~ound ~~Y retard ' dl ~ r aJi Y gr ow ing t i ssues '? i zz~r ello 
et ;--_l , , l ·,,l '"'r· 3 ) . ~o r 0 en - · b , · . - - .Le i es~incl ~nd he r ::ls soc i 2. te s a t t he 

A 1 '::e r -: :: ins t e i n Co 11 e ;( s " f -, d · · ~ ~ -:e lC ine ':1?.ve r e·0orted oiri dcncc 
.i.; .. -..., V - ...... .&. ..,,, 

of D:L:... r e):: ir synt hes i s following exposure to clinica l l eve l s 

of ul tr2.so·:_·.-_,a' (1 07 0 __ .8 1
1

• ,\ , • ( • -- / -· ~ suosequen~ r eport 1979b J shows i n-

cr ea sed s i:::te r chro:-na tid PXch2.Y'l _ _rtes i· n lym·ho · ~ 11 · - ,, ~ _ ·, p cy~es ro_ owi ng 

a th irty ~i~ute clinical dose . Since probe mo tion wa s not a 

f actor consi de re d , no extrapol a tion to the a ctua l clinica l 

s ituat i on i s ~ade . 

'I1he R2.d i 2.tion Bi ology Section of Vanderbilt Univers ity 

::ed ica l Cente r is currently i nvestiga ting t he par ameter of 

cellular atta chment a s an i nd ica t or of the effects of l ow 

leve l ultras ound on cultured human cel l s. These r esearchers 

have f ound th~t a signific2nt number of cells become una t -

t2.ched fr om their ~l ast i c subs tra tum f ollowi ng a pulse d dose .. 
7 · · t (..., · 1 ot ".:) 1- 7 0 7 0 ~ )' I ·,'"' ::i_a' d -well within clinical _ 1 m1 s ~1ege ~ ~ ,, - 1 / a • ,, 

ition t he ir results i nd ica t e a gr eater sensitivity i n cells 

origina ting fr om human embryonic tissue . To insure tha t t he 

cells we r e not ~erely shaken l oo se by mechanical vibr a tions , 

wer e coupl ed to t he transduce r with a t he c 1ltur e cishes 

jelly incapable of sup~orting a 
'rhese r esults 



Li, 

+·.., :::, • ~ s . 1 • 1 · t 
v . ,, ~ 1 ~ l Dl 2. · r t h2. t ... l, ._"e cell 

J : t 3Urfa ce architecture 
:::ub :n i t.s .J.."' 7 "' \' ' 7 0 ve 1- f 7 t 

v ..... -- ' - - ~ o u_ r~sound . 

Glyco~rote i ns i~te~r a l to the 11 - ce __ ~embr ane have been 

as soci~t ed with the nheno '.T!en on or~ cellul~r ~+t~ h ... (~ 
~ - • '-- "' v c.. C !"len l, ,,ose -

They have a l so been rela t ed t o intercellular 

a·hes i on and to inte r a ctions with lectins, unusua l Jlant ex 

tracts t ha ~ are known to ~ggl utina te soLle cells and to s tin 

~la te 7itos i s in others . 

The experi~ents re Jorted i n t hi s research pape r re9-

re se:1t 2.n ?. t te :Tipt t o detec t cell surface ch?.nges tha t r esu.l t 

fro□ an ~D ~n dos e of ultresonic r ad i a tion ( t he dcse required 
) l-

tO destr oy t he r eproductive ca,acity of fifty percent of t he 

cel l uonulation unde r snecific l abor a torv conditions) . The 
- - .i.. V 

lectins concanavalin-A (CON -A) , phyt oher.12.gglutinin (FHA ) , 2.nd 

( \ •,vere used , o."S \v·el l .~s f•lCOSe (n_~uc ) ~~_d ~)okeweed :::1 i togen P'ii~•l 1 - '-- c-. u 

( ) m.1.. ~_P l a tter ar e t wo sugar s t ha t have be en mannos e ;.J-.F . 11 - _ 

· 1 ... · cell Qurf.~cP rPce ptors . P sur ass oci2. ted wi t h g yco pro l,e in ~ - -- - - _ ~ -

vey of the l iterature f a iled t o find studies re porting t he 

• • 1 l ' ed human ki dney· cells us e of lectins or sug~ r s w i ,:;n cu ,:;ur . .: -

(T - 1 cells ) . 



:n ~-1 exJeri~ents convention2l ~etho ds of ce_l cul -
ture ~~2. i nte::ance ~nd 

~ pro p2 gat i on we re use d (Faul , 1975 1 . 
ce _l s ~e re ; rown ~s mono l aye r s i ·_n_ , 

g_ass bo t t les or pl as tic 
Jetri d i s: es i :-1 !1.u;-.1 id1· f1· ed 5,· 0-· 1: u·' ~ · 
~ - i., , 1ncut2 t ors 2. t 

,:__ J7 °c , us i ng 
~c. ~2.e ' s -~~ni .1iG. l ~c-s 0 nt1· ,:-,1 ' ct · f · 

~ .u.::, ~ c... • • e l U::J. ort1fiec. ·v,i t h l Cj'; f e t 2i.l 

ca _f se r~~ a nd penicillin/s t rept omycin . Routi~e subcul -

cel_s .,,,e r e in the exponent i al gr o·.vt h ph2.se , synchr oni zed by 

tryJsini z~t ic~ 24 hour s earlier . The T-1 cell line used w2.s 

es t ablished i~ 1958 (Van der Veen et al., 1958) 2nd has been 

used ~or r 2d i ob iologi ca l i nvest i gat i ons (5roerse , 1969) and 

for stu·ies of thyr oid hor ~one □ etabolisi (~ iege l , 1979b ) . 

I'he i:!ls or:2. t ion of the di s:1.es was s. cconpl.:.. shed w.:.. -'--h 2. ~!ett_er 

~lee tranics '\S onic2. tor" t:ie r ai)eu tic ul t!'2.s ound device , using 

Unirad conduc t ivity jelly t o ass ure go od a cous tic contact. 

Lectins we r e obta i ned f r om Sigma Chemic~l Co~pany . 

Accordi ng to t he ::ri2.nuf2. c turer , Ty::_;e IV ccr: -A (s.n ext r 2.ct frCl"I) 

bl ood cells in o. ~LI phosr)ha te buffered saline (? :SS ) 2, t a pH 

· ~ 1,,, ..4J£./ ·:-.1 l 1-'hytohem2.gglutinin of 6 . 3 8..nd c:. co:'1.centr2.tion 0 1 8 - !. • 

1 t . ~eQ 2% fr esh t y;e A re d (f ro::: ?:-1.aseolus V'-1.l c-~.ris : 2.gg u ina._, -

blaod ce l2.s i n 1 . -J li/l P2S 

5 
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. .., . 
: ucos e i s known to be a cor e sug~r of t he olii o-

::r ot r ud2 fr :J :-1 t!l e cel l surf::-.ce (1 ' · 1 :::i75 '1 ~enni nger , - / , . 

156 ~ / ::.1 t h is s ug2.r has been f o,und (by s 1· er"'-- \ +o · ' · b · t - • · 0 .. ,c .; " l nn. l l 

t ll e ::.ggL1tin2. t i ng effec t of COT~ -A on t ype :J re d bl ood cell s . 

? l a t i ng effici ency experi~ents (PE- 1 and ?~-2) wer e 

conducted J r eli~i nar i l y , Re plica te 100mm petr i di shes were 

suppl i ed wi t~ 10 ~l of cul t ure 3edi a , then ~ith t he ce l l s . 

The nu~ber of cells pe r di s h was estima t sd a t J OO by count 

i ng on t he he~ocyto~e t er . The di s hes we re i ncuba t ed f or t wo 

1:1eeks , t he n retri e ve d 2.nd st.:?.i ned ·.vi t h methyl ene blue to 

vi sual i ze col ony fo r ~at i ons . ? l ~ting ef fi c i ency was t hen 

est i m2. ted : 

.: ! Col 0:1. i es Obs erve d ;_ l CO 
? l a ting Zf f iciency ~ i Cells Se eded ( • J OJ 

- f r bo ~h exper i ments was The pl at i ng effi ciency 2.ve r 2.ged. - 0 - 1., , _ 

1 t d i n t he a ppendix . 68%; r esults a r e t abu a e 
· ~ T_noll_owed (W - 1 , 1:J - 2 , 2.nd LD - J ) m~e T~ PYUer 1~enuS 

- CL .LICJ 5 ') ~ -. -
· 1r·~ cel ls ea ch i nt o t echni o_.ues but s ee di ng -J v -u.s i ng t he s2.;-ne 

r ep l ic2.te di s hes conta i ni ng 5 ml of med i a . ---ft er 21. 



7 
O"' P }, 0 ' lr ; -1-, • · '- · " ~n l, i'le incub8. -'ca r t o al_o~ the celis to 

ishes ·Ne r o ,'Cl ~ • d . 
~ ~~l,r~ eve and insona t ed ~t 

doses v2.r:; i ;1g fro:;i ,J t o 0 6 ·1/c 2 f 
J • " m or one r.i inute . They we r e 

t ; en ret ~ned to ~he 
incuba tor for t wo weeks , after which 

the colon: es wer e stained and count ed . The r esults of t he 

2.r e lis t ed in the 8DD eY\_di' ;r ,,_s ,..., 1 ·, ~ - _ "' . \. ~ 1.., _ _ i:;nrough 
the contro l d i Q11°s , , _ ...,r ~ , , , l - 1 t hrou.a,,__ " 1 5 · - u~l .J • - t the disl:.es 

i~son~ te d a t J . l J /c~2 f or one ~inute , etc , The me2.n , the 

s tanda r d devia t ion , 2nd the percent of con t rol for each five 

J l 2te series a r_e _1i· s-l,· ~a· · th ' _ - wi . ~he l 2s t ent ry of the gr oup , 

c·_ft er the f i~s t ex~e r L:1ent i t was c..ppar ent th2, t o. 6 VJ / cm2 

tota lly i nhibits t he r eproduc tive capacity of these ce l ls . 

T~is level of i nsona tion was omi t ted in the subsequent ex-

The techniques used in the le ctin and sugar exper -

i ~ents were s i ~ila r to those of the LD50 experi ments . Cultur e 

media conta i n i ng t he sta t ed di l u t ion of le ctin or sugar was 

introduced i nt o e2ch dish . The numbe r of cells t hen added 

to ea ch dish wa s calcula ted to be 150 , t2king i nto ac count 

the pla ting effic iency er ror . 
.. I 2 Insons.tion w2. s a t 0 , 3 ';I , cm , 

t he ~u~r ox i m2+~ TD v~lue ind i ca ted bv the pr evi ous LD)~0 · - ~ -~ I! . -- ~ C .!...J 5 0 - V 

experi~ents . The r esults of these exper i ment s ar e tabul a ted 

. d ) II O" ( .J,. in t he 2. :;:)pend ix 2.s the letter "S " (i nsona te _ or noL, 

i ns ona t ed ) followed by t wo numbers . The f i rst numbe r r ep-

. t +ion o f the lect i n in microgr ams per concen r av - -



r .. e ;1e .£:2.. tive 1i· 11,:,"' 
~ - -- ~.r c '.) r::::- e 12 .. tion bet·Ne ~:'1 the nu ·:iber of 

r epr od~ctive ly survivin a col l s and · · 
· o - - . . increasing do2e s of ultr2. -

so~~d i s gr 2.phi c2. lly i llustrated · n· 1n r1gure 1 . - he LD50 ex -

--_,e rL.1e::1. t s , 1..J - l , LD - 2 , ~ nd 1,, J d · 1 ,. 
ci. - .!..J - , a. r e l 2lL2.?ed i n .t'., B, and 

·"..., , re s _""J ective::...y . --::' ;.::; c 'n c1ur ,re , , 1, 
~~ • snows a snou_aer of subleth~l 

') 

i:1 .i ury ex t e!".d in.0c-;- to v'' . 1 ·.--,; / c·.·,·.,• .. :.... . J. ~ · • · 
- • 1. su::n~r..ar y or -cnese ex}er1-

~ents i s s~cwn i n Fi gur e 1- D as the averaged ) ercent of con-

t r ol ~s ~ f unction of ultr asoni c dos e . The dose tha t result 

ed in t he reproductive dea t h of fif t y pe r cent of t he cells 

Thi s va l ue r epr esent s t he exper i ment a l l y 

estcbl ishe d 1050 dos e of ultrasound t o T- 1 cell s . 

The ] ercent of control va lues fo r t he l ec t i n and sugar 

experi~ent s a re compare d in Fi gur e 2 . St a t i stical analysis 

of the dat2 gene r ated i n t hes~ expe r 1nents , compar ing each 

s~~~ l e set t o the contr ols , is dis~layed in Figure J emp loy

ing Duncan' s ::u l tiple Range Test (Steel and Torrie , 1960) . 

Resul t s ob tained wi th CON- A a t a ll concentr2. t i ons 

(~ · 2 ) This i s sup·.Loor ted te s ted a r e s i ~ilar to contr ol ~1gure • 

· · h D ' tes J.. ("l.' i,;rnr e 1, ') whi ch shows no by ana lysis w i i; uncan s 1., J. ~ .,, 

signi fic ant difference be t ween the 
. t ~ mean of any experimen a~ 

1 -in both the insona ted and t he un-group and the contr a ~ean 

insona ted se ries . 
. a.t o.5 .Mf!:/:-:il 2.nd l ~ /ml i s not ?hytohe ~~gglutin1n -



T:i.is eff ec t 

i s no t observed in t he un i nsona ted correla te , t hus these 

results sugges t t nat 5 Mgh:11 ?HA 2.:;'!J l i fies the l eth:o. l effect 

of ultr~sound on T-1 cells . 

Po~:e:.·;eed mi togen a t 5 ..ug/nl has a selective eff ect on 

uni~sona t ed ce l l s (7igur e J ). The ~e~n nu□b er of ce lls tha t 

surv i ved i ncub 2_ tion ·.: i th 5 ...u.g/nl ?'.!=. s i gnific2.nt l y differed 

fro ~ the control ~ean in t he unins onated gr oun , bu t di d not 
'--' ... 

s i gnif icantly d i ffer fr o~ t he control ~ean in the i nson2.ted 

gr ou, . At other concentra tions t es ted , no s i gnific2nt dif -

ferences ',vere oos erved . 

i1annose at 10 nM r esulted i n a zer o :;,e rcent re pr oduc

tive surviva l of t he cells , ultrasound notwithstanding . 

· -'-t d f ~-· -:i rn_i ,,.,_e pre sPnce Thus , t hi s da t a has been □□l G e r om 1 1sur e J • ,, _ -

of lesse r concentr2.tions of :~-:annose i n t he culture i-:iedia h2.d 

no ~pJaren t effect on cell sur v i val in t he i nsona t ed gr oups , 

yet caus ed a s i gnificant de crease in surviva l in t he uninson-

ated gr ou)s . 

F .. t a ll concentra tions tested of fucose , sur viva l 

. ~ -'- ed ce 1 1 culture s (Figur e J ) • in the unins oncJ. G 

/, 
n. 

·f · ·7 diff er en t fro~ control , dec r ease i n surviv2. l , sign1 ics.n-Ly 

1 · t ~e Jr esence of J . l ~a 
n - 7 - ..:.. i,._ · ·so·"-:: t.~o n of eel s in I O.!.. _ 'J'✓/80. l,E2 L'1 . ,c.. J.J.. ·-

f ucos e 2.n-:::. l J ::'211 f uco s e • t ,n~ surviva l deJression Although -



11 

t he 

h s t ~ti~ticnl c r oss - co~Jari son of t he cell s urviva l 

:u~c~~ •s : :ult i J l e ~ange Tes t . Sel l s i nscn~t sd i nt e pr e -

ex~eriuent ~l trea t -

Q~pl i ~icat ion of ultr a sonic eff ects ~ay i nvo l ve cell sur f a ce 

c L1d i n6 s i t e s sir:ce ?HA 2-. t 5 ..ug/,.:: has no effec t on uni· son-

~ted c ~l l s but gr ea t ly depr esses surviva l i n i nsona ted cell s . 

(?igure 4 '. . Fucose a t 10 r.:M de pr esses ce ll s ur vivs.l i n ':)0th 

,, O · n~'"\ ~+ed c e l ls a~.nct +n_e un. i' ·,"':c:; Q ·_,-, rc;·. + r-i d ce lls , s ugoo-es tinbcr -en~ l, .::, ,., net V ·~ - v. -~ LL ..,_ ._ . 

t h~t the obse~ved ef fe c t ~ay r es ul t so l e l y fr□~ t he pr es ence 

0 ,::, +·n is r: , :::c:, r i· Y'\ ~he cul t ur e :11edia . ..l. \.I_ ,!. _ ;.:)v1. c..;., ..... 1 !. V 
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FIGURE 1 . Number of surviving colonies as a f unc t i on of 
i ncreas ing_ dose in A (LD- 1 ) , B (LD - 2 ) , and C 
(LD- J ) . The pe r cent of contr ol ave r aged for 
t hes e three exper i ments i s shown in D as a 
funct i on of dose . The 1n50 was det ermi ned to 
equa l o.J Vl /cm2 . 
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FIGURE 2 . A compa rison of perc ent of contro l va lues. Nu mb e r s abov e l e ctin 
n a me s represent conc entra ti on in """"g/ml. Nu mbe r s a bove s ugar names 
repre s ent concentra tion in mill imoles . Continuous lines s h ow a v e r age 
v a lues f or uninsona ted s a mple sets . Dotte d lin es s ?iow a v er age values 
for samp le se t s insona t ed a t o.J w/cm2. I-' 
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S- 5 
( 21 ) 

S- 0 
( 62 ) 

S-10 
(19) 

CONCii. J;,_y_·•.LIN - A {..u.f!{nl 2 c.nd C Ot; TR OL 
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S- 0 S- 1 S- C .5 
( 62) (62 ) 0- 5 0- 1 

(79) 
0- 0 0- 0. 5 

(132 ) (137 ) (145 ) (154 ) 

?HY TOHE~: ~, GG LUT TN IN ~Lml ) a nd CONTROL 

S- 0 . 5 S- 0 S- 1 
(5 0) (62 ) (76 ) 

0- 5 0- 0. 5 0-1 0- 0 
(13 0) (132 ) (135) (145 ) 

POKE':lEED :.UTOGEN {.MgLml 2 and CONTROL 

S- 1 S- 0 . 5 S- 5 
( 64) (68) (69 ) 

0- 5 0- 1 0- 0.5 0- 0 
(112) (123) (lJ O) (145 ) 

MANNOSE ( rru'Vl L and CONTROL 

S - 0 . 1 S- 1 S - 0 0- 0.l 0- 1 0- 0 
(54 ) (56 ) (62) (102 ) (126 ) (145 ) 

FUCOSE (mM} and CONTROL 

S - 0 . 1 
(44 ) 

S-1 
(51) 

S- 0 
(62) 

0-1 0-10 0- 0 .l 0- 0 
_( _11_6_) _(_11~9...;_) __;(_12_8~) ( 14 5) 

FIGURE J . Duncan ' s Mul t ipl e Range Tes t is used t o compare 
each sample set wi th the contr ol. The group 
designat ions are as follows : "S" indicates inson
a tion at t he LD50 , " 0" i ndicates no i nson2..tion . 
Nunber s a f ter these lete r s indica te the concen
tration of the lectin in ...u.g/ml , or of the sugar 
in millimole s . The ave r age numbe r of colonies in 
the gr oup i s given i~ par~nthe~es _under the _ . 
desianation . Under lying lines indicate no signif-
icani difference at p= 0 . 05 . 
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_, ,. 'I' S- 5 I .. (21 ) 
FU CS E S - J . 1 (44) 
?:-b S- 0 . 5 (50) 
FUC (' -:;'I S- 1 -·~ (51 ) 
:.~\ ·nosE S- 0 .1 (54) 
~;-~;:,i0S2 S- 1 (56 ) 
CC' -A S-5 (58) 
CON TR OL S - 0 ( 62 ) 
CO ·T- A. ~-- 1 ( 62 ) 
? :i:.i S- 1 ( 64 ) 
'E'N: I S- 0 . 5 (68) 
PWLi S-5 (69) 
FHP. S - 1 (76 ) 
CON- A S- 0 .5 (79 ) 

I11.t-\.. NNOSE 0- 0 . l (102 ) 
Fv,·:.1 0-5 (112 ) 
FUCOS E 0- 1 (116 ) 
FUCOSE 0- 10 (119 ) 
?ti~,: 0- 1 (123) 
:·.Jp,_NNOSE 0- 1 (126) 
FUCOSE 0- 0 . 1 (128 ) 
PHP. 0- 5 (130) 
Pwn 0- 0 .5 (13 0) 
CON- fa. 0- 5 (132 ) 
PHi'. 0- 0 . 5 (132 ) 
PW,. 0- 1 (135 ) 
CON-A 0- 1 (137 ) I CONTROL 0- 0 (145 ) 

CON-A 0 - 0 . 5 (154 ) 

FIGURE 4 . Dunca n ' s ;:Iul ti:;::,le Range Tes t to cross-compare a ll 
s ample sets . An explanation is g iven i n fi gure J . 



i n t h~ t bath a re w~ves 
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.Js ed t o ex '_Jl 2.in ir..t er ?.cti· on .. s or- · · · 1 · · ~ ionizing r a: 12ti ons with 

i n e :.;. c :. c ell , such t h2. t ea ch targe t r.".ust be hit once (2. l ter 

n2. t e l y , one t 2. r ge t hit 1r tb1es ) f or l e th2. l da2;::ge to occur . 
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~s ~2ss l es s bu_l e ts ) re s ults i n ~n exponen ti~l cell sur vival 

cur ve ~)en the s urviving fr2.ction i s plotted as a fu~ction 

of dose . Th e surv iva l curve f ollowing ul tre sonic r ad i a tion , 

ho·. 1ever 
I 

is 2.pprox i raa t e l y lines.r s ince 2. 11 str uctur a l ele 

~ent s of t~e sell ~r e hit (Figure 11, 

~ener~l ca te g
0

ories of inter a cti ons of ultr~sound ·~~1.ree 5 ~ 

· ·od (32.ker 2.nd Jalrynple , 1 ;)78 ). with l i ving tis sue a r e recogn i z .... 

" t· f·_ricti on of 'nech2.nica l "The r 12. l e f f ects " result :i. r or.i. ne -

v i br 2. t i or:::: . 1
1 ., • +~+ ,· o-·::i l eff.:>cts " occur in :na ny liqu i ds 2.s 
(., 8.Vl uc. "- ! !~- - -- -

a r esul .J.. of ultra soind , 
· - ~ ord1~~ r v ~iqu ids con t a i n gas s es .. OS L, - ___ c:. ., 
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.J.. 
·· ~ ex,~2u~e l eve l ~ r" · - . a r 1n excess of tyJic2l 

c: i~ic~l ~tuiies (one tjous~nd fol ~,, t h 
,j_ 1 e ~,1ech::1-nic2.l energy is 

T n • • .J.. t 
su_r1c1e:1~ o cause the bubb les to co1_12_-_,_~.se 

J completely dur i n~ 
t '. 0 C O• ') Y' Oc::5 i0 . , ~ -f -L. • • ,1- · •• ,;_~ - - -- :l pnc.S e o _ l,hP v11--.rc, .J.. 10"' 

J. _ _, - u ,;.. .. l, !1. . I n ~queous ~e di ~ one 
consequenc e of t ~1.e col l ·::,_ ·_0.-se ·1'hc:. no · t: · l.·"" . ~n enon 1s ,!le pr oduc ti on of 

ana l o~ous to one of the ~os t d&oagi ng as pects 

of i oni ~ing r a~ i ~tion . ~ t lower dos es the cavita tiona l 

eff ect c2n r esult i n l ocalized re gi ons of s tress in the 

liq~ i d sufficient t o br eak s ubcellular s tructures . This is 

~ r es Jn~~ce ]heno□enon ; t hus its i ~port2nce in t he clinic i s 

negligi ble be caus e the ad~inis tere d doses ~re pulsed . 

"J irec t eff e cts" include everything othe r t h2.n the the r :n2.l 

and c2vit2 ti ona l effects , i ~plying a l~c k of knowl eege of the 

event2 t h~ t oc cur between the applic2tion of the sti~ulus 

2nd the obse r va tion of t he effect . Disru}tions of ~acro

~olecules , chemical r ea ction r a t es and cell surf~c e charges , 

araong other repor ted phenomena , ma~ ensue . The effect of the 

do se s used in t h i s ex,eri~ent ~ay i nvolve a ll of the effects 

noted , with the probable exception of the collaJse pheno:7eno~ 

Re s ul ts 
· t d i ~d ica tin 0~ ~n ~~-obse rved during this s u .y 

• "+' c~ s Qu a~est t ha t a direct 
1 . n• , • n ul+r~_..., son1c erie l, ...., :::,~ p ll 1cz, t ::.on or v -

7 of the cell 8e□brane . 
e+'+' ..,_ , occ'u..,.,ri Yl!J' :.:i. t t he leve_ 

.l..!.8Cl, 7 8.Y ce .,_ -··o 

• .i.. tinrr with the t h~t lectins are in~erac · o 
The ~r- es1J.r:,0 t.:.on ::-:1z.de i s 

..,., rn~ce recs nt or s . Th e phenomenon of 
";'l• r r,1)-.-- v, Ot f" i ·n ce ll S U .!. _ c:. - -
0 J - ... - - - - - . 
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these r ec~~:tc~s . 'I'r,e "fl ui d-
of t~e cell ~e~br ane (~ i nge r and ~icho l son , 

.?"1 2 ) ~onceiv~blv ~1 10 ·s f ~ - v ~ - ~ or ~embrane gl yco pro t ei ns to shift 

i :1 ::os :. 1;ion faL)_o':iin; eJ~posur e t o ul tr8.sou.·,"d . cnh · d , ·L ese i e2..s 
- .L"' ' t t . f.' "e ·:.e r.Ci. ..,_,e ~ .. 1; en ion Oi :)ersons concer ned 2.bout the possibl e 

l on; - r ~ng~ i sleterious effects resulting fro n the wi despr ead 

use cf ul tr2s ound i n obstetri cs . Siege l sum~ari zes t~e 

Of co~s iderab l e clinica l s i gnific~nce is the likli.ood 
J:-:.2. t 2. t t 2. chment r::,_ay be linked to "anchor8.ge dependence", 
i . e . , the in~bi l ity of nor~2 l cells to gr ow and re pli 
c2. -: 2 v.:1.less 2. tt2.ched to Sl~bs tr2. t a . Particularly per
tinent fo r ~ssessing the b i ologica l consequences of 
ultr~sonogr aphy is the presunpt ion t ha t a lterations 
in atta chment ~ay ~ffe c t i mplant 2.. t i on in situ , mor pho 
genesis , and ont ogenesis . In our ~iew , ~hes~ i npli -
c2.. tia:-".S e:r::= r ging fro :rn the pr esent i nves tig2. tions urgent 
l y call for f urther studies . 
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·-,eed. ::11. ito ;:- en ( 5 ~ / :11 ) showed 2. selective inhibition on 

t h1:: sur,1iv2. l of uninson2. ted cells . :~annose h8.d no 2.:Jpar ent 

1:: ff ect on ce ll surviva l in t he i nsona ted gr oups , yet caused 

~ s ig~ifican t de crease in survival i n t he uninsonated gr oups . 

~tall tested conce~trations of fuco s e surviva l was inhibited 

in t he uninsonated cell cultures , a nd a t 0 , 1 :-:1i'11 and 10 r.li'11 

t he ~resence of t his sugar i n t he ~edi um s i gnificantly 

:ecr 1::2.se ci s urviva l in i nsonc:.ted cells • T:1e :0.ost 2.:;,p2.rent 

j t he acute depr ession of ce l l inte 2'.'a c t i on ,.-; i t h u l tr2.soun ';r2.s 
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t\PPENDIX 

T).3UL;, TED R2S ULTS OF THE EX E1ERI:,IENTS 

?LA T NG EFFICIENCY EXPERLIBN TS : 

24 

PLATE EX?ER II.'IEN T -...;;;...;;;;;;"-=;,.,__ COLONIES % OF 300 
Vi:- 1 1 213 71 

2 209 69 .7 
J 218 72 .7 
4 208 69. J 

1 186 62 
2 194 64 .7 
J 206 68 .7 
4 197 65.7 

1 u EXPERI MENTS : 
J..J 50 
EXPER Ti'11EN T PLATE COLONIES - SD % CONTROL . X 

LD- 1 C- 1 97 
C- 2 111 

C- J 103 

C- 4 105 

C-5 99 7 03 6 700 

0.1-1 92 

0.1- 2 105 

0. 1- 3 109 

0.1-4 120 

0.1- 5 95 104 71 1 01 

0.2- 1 69 

0. 2- 2 77 

0. 2- J 81 

0.2- 4 90 
8 z6 zs 0. 2- 5 25 

O. J - 1 45 



25 E:PERI:1E l Ll-. T~ COLO IES X SD 1o COrT TROL 
. J- 2 51 

0.3- 3 58 
0.3-4 42 
o. ~-2 44 48 2 4z 
o.4-1 23 
o.4-2 29 
o.4-3 31 
oJ+-4 21 
o.4-5 21 25 5 24 
0. 5-1 0 
o. s -2 0 

0. 5-3 3 
o.s-4 1 

0.5-5 2 2 2 

0.6-1 0 
0.6-2 0 
o.6-3 0 

o.6-4 0 

o.6- 5 0 0 0 

LD -2 C-1 82 
C-2 . 95 
C-J 88 
C-4 79 
C-5 85 86 6 100 

0.1-1 90 
0.1- 2 101 

0.1-J 82 

0.1-4 SJ 
0.1- 5 79 87 4 101 

0.2-1 71 

O . 2- 2 62 



26 -., ... ,~RI"~ T 
PLA TE COLO IES 

X SD % CONTROL 

!~u\ '-'J • 

0. 2- J 58 
b. 2- 4 70 
0. 2- 5 

55 63 2 zL~ 
o. J - 1 47 
O. J - 2 42 
O. J - J 44 
O. J - 4 38 
o. 3-5 36 41 4 48 
0.4- 1 19 
o. 4- 2 17 
o. 4- J 28 
o. 4~4 21 
o. 4- 5 25 22 5 26 

0. 5- 1 1 
Oo5 - 2 0 

0.5 - J 1 

0. 5- 4 2 

o. 5-5 0 o .8 0 .9 

LD -J C- 1 110 

C- 2 95 
C- J 92 

C- 4 102 

C-5 98 99 2 100 

0. 1- 1 llJ 

0. 1- 2 88 

0.1- J 96 

0. 1- 4 92 
94 12 95 0.1-5 80 

0. 2-1 58 

0. 2- 2 71 
78 o 2- 3 . 



E;~FERI:~~r, .4. - LA'l'E 27 
X SD ~lo CONTROL 

J . 2 - 4 69 
'.) ,2- 5 22 69 2 70 
O.J -1 55 
o. J -2 48 
o.J - J 51 
o. J - 4 50 
o. J-5 42 45 5 49 
o.4- 1 15 
o.4- 2 18 
o.4- J 14 
o. 4-4 24 
o. 4- 5 21 18 4 18 

0. 5-1 0 

0. 5- 2 3 
0. 5- J 0 

o. 5-4 0 

o. 5-5 0 o.6 o.6 

III. LECTIN AND SUGAR EXPERIMENTS: 

EXPER I ~.1EN T PLATE COLONIES X SD % CONTROL 

CONTROL 0- 0-1 152 

0- 0- 2 -
0- 0- 3 158 

0- 0-4 127 

0- 0- 5 142 144 14 100 

S- 0-1 56 

S- 0- 2 70 

S- 0- 3 -
s-o-4 71 

S - 0 - 5 42 62 11 4J 
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PLATE COLONIES X SD ~ CO TROL 

co -:... 0- .5-1 
0-. 5-2 156 
0-. 5- J 145 
0-, 5-4 151 
0- ,5- 5 165 154 8 106 
S-. 5-1 65 
S-. 5- 2 81 
S-, 5- J 77 
S -. 5-4 74 
S-. 5- 5 96 29 11 54 
0-1-1 121 
0-1-2 1J5 
0-1-J 124 
0-1-4 142 
0-1-5 161 112 16 94 

S-1-1 62 
S-1-2 
S-1- J 47 
S-1-4 59 
S-1- 5 80 62 14 43 

0-5-1 142 

0- 5-2 lJ O 

0-5- J 120 

0- 5-4 -
91 132 9 0- 5- 5 135 

S-5-1 
S- 5-2 74 

s -5- J 47 

S- 5-4 55 
l ? 40 

54 58 s - S- 5 
(' 



29 
COLOlIES - SD 1~ CO,! ROL 

:X 
?~ \ C- .5-1 112 

-- 5- 2 141 
0- . 5- 3 125 
0-. 5-4 123 
0-. 5- 5 152 1J2 18 21 
S- -5-1 
S--. 5- 2 49 
S-. 5- 3 50 
S -. 5-4 J8 
S - • 5- 5 65 50 11 JS 
0-1-1 136 
0-1-2 150 
0-1-J 13J 
0-1-4 128 
0-1- 5 128 1J 5 2 92 
S-1-1 97 
S-1-2 82 
S-1-J 94 
S-1-4 51 
S-1-5 56 z6 21 51 

0-5-1 123 
0-5-2 119 
0-5-J 1J6 
0-5-4 145 

0- 5- 5 129 l JO 10 90 

S-5-1 12 

S- 5- 2 
S-5- J 14 

S- 5-4 Jl 
14 26 20 9 S- 5- 5 



JO EXPZR:i;: T PLATE COLONIES X SD ~ CO TR OL 
?'.iJ:,1 0-. 5- 1 128 

0- . 5- 2 110 
0- . 5- 3 135 
0-. 5-4 
0- . 5- 5 146 lJO 15 90 
S-. 5- 1 63 
S- . 5-2 66 
S- . 5- J 49 
S- . 5- 4 72 
S-. 5- 5 88 68 14 42 
0-1-1 112 
0- 1- 2 135 
0-1-3 117 
0-1-4 122 
0-1-5 711 121 l 0 85 

S-1-1 79 
S- 1-2 62 
S- 1- 3 24 
S- 1-4 65 
S- 1- 5 92 64 25 44 

0- 5- 1 110 

0- 5- 2 
0- 5- 3 99 
0- 5-4 118 

o- 5- 5 121 112 J. O 22 

S- 5- 1 
S- 5-2 72 

S- 5-3 -
S- 5-4 61 

48 
74 69 7 s-5-5 
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co10·1Es -x SD 

• • • T 1 S-;;" 
,... .. 1 J...J ,·~ . 0-. 1- 1 88 

0-, 1- 2 100 
0-. 1- J 93 
0-. 1- 4 114 
0-. 1- 5 110 102 10 70 
s -. 1- 1 53 
s -. 1- 2 44 

S- . 1- 3 58 
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S- 1- 3 52 
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S- 1-S 68 56 8 39 

0- 10-1 0 
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0-10- 3 0 

0- 10- 4 0 
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s -10- 3 0 

S-10- 4 0 

s - 10- 5 0 
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0-. 1-4 134 
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s -. 1- 5 40 44 5 10 
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0- 10-1 1_12 
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