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Experiments on rats  showed that ultrasound waves with a frequency of 830 kHz and intensity 
of 0.2 to 1.8 W / c m  z give r ise to complex and periodic changes in the nucleic acid content. 

Reports of the activation of t issue regenerat ion in animal organisms by ultrasound have recent ly  
been published [4, 13]. The nature of this effect, however,  has not yet been determined.  

In the analysis of the role of nucleic acids in regenerat ion [3], it was decided to investigate the dy- 
namics of changes in the RNA and DNA content in the organs of albino rats during exposure to ultrasound. 

E X P E R I M E N T A L  M E T H O D  

Experiments were car r ied  out on 300 female rats weighing 150-200 g. The animals were exposed to 
ultrasound waves with a frequency of 830 kHz (UTP-1 apparatus) and intensities of 0.2, 0.6, and 1.8 W / c m  2, 
by the method described previously [6]. Half of the rats  were i r radiated with ultrasound five t imes ,  with 
intervals of 24 h between procedures ,  and were sacr i f iced by decapitation 10 rain, 2 h (1.2 • 102 min), 
24 h (1.4 x 103 min), 7 days (1.008 • 1G 4 min), 30 days (4.32 x 104 min), and 90 days (1.296 • 105 min) later.  
The other half of the rats were exposed once to ultrasound, and these animals were sacr i f iced 1G rain, 2, 
and 24 h, and 7 days later.  The content of DNA and RNA was determined in the skin, the abdominal wall 
muscles ,  the l iver,  smal l  intestine, and kidneys [10]. 

E X P E R I M E N T A L  R E S U L T S  

The dynamics of the nucleic acid content iu the organs of the albino rats  showed complex and periodic 
fluctuations under the influence of ultrasound waves (Fig. 1). The grea tes t  changes in the DNA and RNA 
levels were produced by ultrasound with an intensity of 1.8 W / c m  2. The organs examined can be placed in 
the following descending order  of the sum of stat is t ical ly significant differences in nucleic acid content: 
kidney > muscle > skin > intestine > liver. These resul ts  show good agreement  with those of morphological 
studies according to which the liver is more resis tant  that other organs to ultrasound [15]. The reason for 
these changes could be that t issue s t ruc tures  with a complex cytoarchi tectonics  (kidneys) absorb much 
more ul trasonic energy than t issues with a less complex cellular organization (adipose t issue,  liver) [7]. 

A single exposure to ultrasound did not produce significant changes in the nucleic acid content of the 
l iver ,  except for a decrease  in the RNA level after 7 days in an intensity of 1.8 W / c m  2. In the same inten- 
sity, the DNA content in the intestine was reduced after  10 min, 2 h, and 7 days, and in the muscles  af ter  
24 h and 7 days.  With a lower intensity of ultrasound (0.2 and 0.6 W/cm2), a decrease  in the DNA and RNA 
content could also be observed in the intestine and muscles .  The opposite effect was observed in the skin 
and kidneys after  a single exposure of the rats  to ultrasound. The DNA content in the skin was increased 
af ter  24 h and 7 days in ultrasound with an intensity of 1.8 W / c m  2, and after  2 and 24 h in an intensity of 
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Fig.  1. Dynamics  of nucleic  ac id  content in organs  of r a t s  exposed to 
ul t rasound:  A and B) DNA content a f t e r  1 and 5 exposures  to u l t rasound 
r e spec t ive ly ;  C and D) RNA content a f te r  1 and 5 exposures  to u l t r a -  
sound r e spec t ive ly :  I) skin,  II) m u s c l e s ,  III) l ive r ,  IV) in tes t ine ,  
V) kidney; 1) 0.2 W/cm2; 2) 0.6 W/cm2; 3) 1.8 W / c m  2. A b s c i s s a ,  t ime 
(in min; logar i thmic  sca le ) .  Ordinate :  in A and B) DNA content (in rag% 
phosphorus of f r e sh  t i ssue;  in C and D) RNA content (in rag% phosphorus  
of f r e sh  t i ssue) ;  i n  C and D) RNA content (in mg% phosphorus of f r e sh  
t i s sue) .  

0.2 W / c m  2. A s i m i l a r  i n c r e a s e  in the DNA level  a l so  took p lace  in the kidneys of a l l  t imes  of the e x p e r i -  
ment  when the in tens i ty  of u l t rasound was 0.2 and 0.6 W / c m  2. 

The mos t  typica l  effect of five exposures  to u l t rasound was an i n c r e a s e  in the nucleic  ac id  level ,  
and for in tens i t ies  of 1.8 and 0.6 W / c m  2 the curves  of DNA and RNA content often had two maxima:  the 
f i r s t  a f t e r  10 min and the second between the f i r s t  and 30th days .  Fo r  low in tens i t i es ,  a curve  with one 
max imum in the in te rva l  between the 1st and 7th day or ,  l e s s  f requent ly,  the 7th and 30th day was 
more  c h a r a c t e r i s t i c .  A c lose  c o r r e l a t i o n  between the dynamics  of the changes in DNA and RNA 
content was found only in the skin and k idneys .  In the other  organs  changes in the RNA level  (es -  
pec i a l l y  for in tens i t ies  of 0.6 and 1.8 W / c m  2) were  g r e a t e r  than the changes in  the DNA level .  
This effect  was a l so  seen  to a g r e a t e r  deg ree  a f t e r  pro longed exposure  to u l t rasound.  For  example ,  in 
the hepa tocytes  of the mice ,  d i s in t eg ra t ion  of the m i c r o s o m e s  was obse rved .  This was accompan ied  by 
the appea rance  of la rge  quant i t ies  of RNA in the cy top lasm of the ce l l s  (ul t rasound of f requency 800 kHz 
and intensi ty  1 W / c m  2 was appl ied  for 30 min) [20]. An i n c r e a s e  in the RNA content in ra t  hepatocytes  ex-  
posed  to u l t rasound  has a lso  been demons t r a t ed  by cy tochemica l  methods [16]. Changes in nucleic ac id  
me tabo l i sm,  c h r o m o s o m a l  a b e r r a t i o n s ,  and spa t i a l  d i s loca t ions  of the cy top lasma t i c  and in t r anuc l ea r  
s t r u c t u r e s  have been found in the ovar ies  and in tes t ine  of an ima l s  i r r a d i a t e d  with u l t rasound [2, 5, 7]. How- 
eve r ,  it  must  be emphas i zed  that the mos t  s ignif icant  changes in the s t r u c t u r e ,  me tabo l i sm ,  and quant i ta -  
t ive content of nucleic  ac ids  (both in v i t ro  and in vivo) a r e  o b s e r v e d  a f t e r  exposure  to u l t r a sound  of more  
than the rapeu t ic  in tens i ty  (2-20 W / c m  2 and above) [7]. In t e rp re t a t ion  of these  r e s u l t s  is made diff icul t  by 
the s e v e r e  necrob io t ic  changes ,  the hydra t ion  of the t i s s u e s ,  the marked  e levat ion  of the i n t e r s t i t i a l  t e m p -  
e r a t u r e ,  and so on. Af te r  exposure  to u l t rasound in a therapeut ic  intensi ty ,  these  phenomena were  a l l  
much less  marked .  The role  of i n t r a c e l l u l a r  m i c r o c u r r e n t s  and changes in the ac t iv i ty  of c e r t a i n  enzymes  
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a s s u m e  predominant  impor tance  [1, 8, 9]. At p resen t  v i r tual ly  nothing is known of the effect  of u l t rasound 
on the s tate  of the enzyme s y s t e m s  responsible  for  nucleic acid me tabo l i sm [7]. An a t tempt  was t he r e -  
fore made to explain the resu l t s  of the p re sen t  investigation in t e r m s  of morphological  evidence.  

Ultrasound of high intensity (in these  exper imen t s  1.8 and, to some extent,  0.6 W / c m  2) is known to 
produce  changes of different  types in musc les  [17], l iver  [12], kidneys [18], and ce r ta in  other  organs  [11, 
14], and in the ea r ly  per iods  of the exper iment ,  the changes produced a re  i n f l ammato ry  in c h a r a c t e r ,  ac-  
companied by ce l lu la r  inf i l t rat ion,  to be followed in the la te r  s tages  by ce l lu la r  p ro l i f e ra t ion  at the s i tes  
of nec ros i s .  The p r o c e s s e s  descr ibed  above could probably  influence the c h a r a c t e r  of the bimodal  curves  
of nucleic acid content, for changes in the DNA and RNA levels  during repea ted  exposure  to u l t rasound 
coincide with the t imes  of morphologica l ly  recorded  phases  of damage and subsequent  regenera t ion  [4]. 
Ul t rasound of low intensi ty (0o2 W/cm 2) had no ha rmfu l  act ion on ra t  t i s sues .  In morphological  inves t iga-  
t ions,  however ,  evidence of "rejuvenat ion" and "s t imulat ion of t i ssue  act ivi ty" [4] was found, in expe r i -  
ments  s i m i l a r  to those now descr ibed ,  on the 3rd-30th days .  An inc rease  in the f requency of mi toses  and 
in the degree  of hyperchromia  of the nuclei and pyroninophil ia  of the cy top lasm of the cel ls  was observed .  
Compar i son  of the morphological  data with the p re sen t  r esu l t s  suggests  that  the inc rease  in content of 
nucleic acids in the t i s sues  during five exposures  to the action of u l t rasound of low intensi ty is probably  
due to act ivat ion of physiological  regenera t ion .  If this hypothesis  is c o r r e e t ,  it will explain the benef ic ia l  
effect  of u l t rasound in the t r ea tmen t  of indolent d i seases  [19]. 
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