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ON THE EFPEÖT OP ULTRASONIC VIBRATIONS ON THE BLOOD 

/""Following is a translation of an article • 
.by M. I. Gurevich and M. G. Sirotina in Fizio- 
logichnyy Zhurnal (Physiology Journal), Vol. VI, 
No. 1, I960, pages 73 to 777/ 

The Institute of Physiology imeni 0. 0. Bogomolets of the 
Academy of Sciences ükrainianSSR, Laboratory of Circula- 

tion and Respiration 

Investigations devoted to a study of the influence of 
ultrasonic vibrations on the blood have been carried out in 
two directions: some authors have studied directly the in- 
fluence of ultrasonic vibrations on the blood elements in 
vitro, while others have studied the changes in the periphe- 
ral blood after exposure of the organism to ultrasonic vibra- 
tions ("sounding" the organism). 

The hemolytic effects of ultrasonic waves in vitro 
were first studied by Dognon and Biancani (1927), Subse- 
quently, numerous investigators confirmed this fact. 

In 1936, Getzel showed that the hemolytic effect 
caused by ultrasonic waves depends on the concentration of 
the erythrocytes: the higher the red cell count, the less 
destructive the effects of ultrasonic. 

Shener (1948) also indicated that the destruction by 
ultrasonic vibrations of a suspension of erythrocytes depends 
on the concentration of the cells and the power of the ultra- 
sonic vibrations. ^ 

The hemolytic influence of ultrasound is apparent 
within several seconds after the onset of "sounding  (Leman, 
1949). j.    ^. •  +- A 

Bejdl (1950), on the basis of his studies, pointed 
out that laking of the blood may be produced with a 25-minute 
"sounding".  Stuhlfauth and Wuttge (1950) used "sounding of 
leukocytes to produce a heavy granularity in the cytoplasm 
of the' eosinophils. .  ' 

Lehmann, Becker, and Otto (1952) also observed changes 
in the structure of the eosinophils upon "sounding blood. 

Onanov (1957) reports that the 'bounding" of whole 
stabilized blood of human beings with ultrasonic vibrations 
with a frequency of 500 c/s at an intensity of six wt/sq cm 
causes, within 1.5 min, a lysis of leukocytes, and later,. 



hemolysis of the formed elements of the blood. According 
to their findings, the most resistant with respect to ultra- 
sound are the erythrocytes, and the most sensitive are the 

granulocytqs.  ^ ^ periplierai blood after exposure to 
ultrasonic vibrations have been studied very little in the 
living organism.  Dognon and Biancani (1932) did not note _ 
changes in the peripheral blood upon exposure of the organism 
to ul??asound.  Gaden (1952), after »sounding» 15 patients 
with therapeutic doses.of ultrasound, did not discover any 
regular changes in the peripheral blood:  in some cases the 
number of leukocytes increased, in others it decreased. 
Relives there were no digressions whatsoever in the elements 
of'thehemogram.  In the bone marrow, there was a certain 
Increase in the number' of cells of the eosinophilic series. 

Eritavi, Onanov, Georgadze, and Akhmeteli(1955), on 
the basis of their investigations of two dogs and five rab- 
bits concluded that the effects of ultrasound on different 
parts o? the brain and spinal cord of the dog and rabbit 
result in changes not only at the site of "sounding , but 
afsocaise marked reactions on the part of the peripheral 

bl0°d* Our own studies were devoted to the influence of ultra- 
sonic vibrations on the blood in vitro, and also to studies 
of the changes in the morphologic composition of the peri- 
pberS Dlood,after »sounding" parts of the abdomen in animals, piierai D^ ^^ ^^ Qf stuäles> the blood taken from 

different animals was stabilized with a five-percent solution 
of sndium citrate. Erythrocyte and leukocyte counts were 
Sade on^be Sluted blood. After this, the blood was poured 
?nto specially prepared glass cylinders, the bottoms of which 
were d?awn out into a fine cone, and subjected to the action 
of ult?asSn?c vibrations with a frequency of 800 c/s/&nd an 
intensity of 0.2 wt/sq cm (in five cases) and 3.5 wt/sq cm 
(in three cases). After five, ten, 15, and 30 minutes, por- 
tions" of blood were removed for determination of erythrocyte 

and le^^J^*;^^ (Table 1} that, even within five 
■minutes, at an Intensity of "sounding" of 0.2 wt/sq cm, the 
ervthrocyte counts were reduced (no changes were noted m 
til iZllojte counts). After ten, 15,. and 30 minutes, re- 
duction in the erythrocyte counts continued; the number of 
leukocytes noticeably declined, however, only in one study 
after a 30-minute "sounding. 
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With an intensity of "sounding" of 3.5 wt/sq cm. 
changes were more obvious.  In these studies, within five 
minutes there was already a significant reduction in the 
erythrocyte and leukocyte counts, and after SO minutes there 
was almost complete hemolysis of erythrocytes and destruc- 
tion of leukocytes; only isolated, individual formed ele- 
ments could be seen in a given microscopic field. 

In another group of studies, we "sounded" regions 
.of the abdomen in''rats and rabbits and studied the changes 

■in. the morphologic composition of the blood. These experi- 
ments were run on 20 rats and four rabbits. 

In one series, ten rats were "sounded" with a 
frequency of 800 c/s at an intensity of 0.5 wt/sq cm for 
three minutes. The blood for erythrocyte and leukocyte 
counts was taken prior to exposure, and one hour, two days, 
six  davs and 12 days after "sounding". 

*"'■' As can be seen from Table 2, one hoxir after "sound- 
irsg" there were no essential changes in .the' erythrocyte 
counts; the leukocyte counts in some instances (nos; 1,'3, 
and 5) did not change, but in others (nos. 2, 4, 6, and 7) 
showed a slight reduction. After two days,.the blood showed 
more significant changes. The leukocyte count showed a 
definite tendency toward reduction. After six days, the 
leukocyte counts, on the contrary, in many of our indivi- 
dual studies, increased beyond the original level. 

3 
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In the next  series  of   studies,   seven  ^ttU- 
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As can be seen from this table, we were unable to 
demonstrate regular changes in the composition of the peri- 
pheral blood. The erythrocyte counts exhibited no changes, 
and the total white cell counts changed in two animals 
but did not change in five, upon analysis of the white 
ceil differential, we discovered after "sounding an in- 
crease ^n the absolute number of neutrophilic leukocytes 
end a reduction in the number of lymphocytes,  No shift to 
the left in the differential count of the neutrophilic_ 
leukocytes 
of 

■cbils changed variously. • ,,_.*. 
' '    Iipnr "sounding" rats for five minutes at an intensity 
of 4.5 wt/sa cm, the'animals died within two to three min- 
utes after ,fsounding". -.Blood for analysis in these animals 
was drawn from the heart. As can be seen from Table 4, 
a marked reduction in the leukocyte counts was seen in all 
of these animals. 

rilw,Uv-waä observed at any time. The absolute number 
rionocvtes ordinarily increased. The number of eosino- 
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Conclusions 

(1)  Upon "sounding" blood, stabilized with sodium 
citrate, with ultrasonic vibrations at an intensity of 0.2 
to 3 5 wt/sq cm, there is observed a varying degree of des- 
tructive effect of ultrasound on the formed elements of the 
blood.  The destructive effect of the ultrasonic vibrations 
is intensified upon increasing the intensity of  sounding . 

' ('S)' Upon "sounding" parts of the abdomen in rats for 
three minutes at an intensity of 0.5 wt/sq cm, the peripheral 
blood one hour afterward shows no detectable changes.  On 
the second day, in a number of instances there are reductions 
in leukocyte counts, and on the sixth day the leukocyte counts 
in manv cases show an increase.  On the 12th day, the leuko- 
cyte counts revert to the original levels.  The erythrocyte 
counts show no essential changes. _       o 

"  (3)  After "sounding" rats with ultrasonic vibrations 
at an intensity of two wt/sq cm for four minutes,, the animals 
die within 1.5 to two hours.  No marked changes can be seen 
In the erythrocyte counts or the^total leukocyte counts one 
hour after termination of "sounding . 

(4)  One hour after "sounding" rabbits for 30 minutes 
at an intensity of two wt/sq cm, there are no noticeable. 
chanees in the red blood or the total leukocyte counts. • 
Tnere is a slight reduction only in the absolute numbers of 

lymp oCy5?
s'The influence of ultrasonic vibrations at an In- 

tensity of 4.5 wt/sq cm directed at a portion of the abdomens 
of rats for five minutes leads to death of the animals within 
several minutes.  Studies of the blood in these animals^show 
marked reductions in the leukocyte counts.  Reductions in the 
erythrocyte counts are also observed, but these are less 
pronounced* 
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