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The kinet ics  of the redox  potential  (E h) and the oxygen tension (PO 2) in the l iver ,  kidneys,  
spleen,  and musc l e s  were  inves t igated in vivo in 40 r a t s  i r rad ia ted  with ul t rasound with 
an intensi ty  of 0.15 W / c m  2 and f requency 815 Hz for  10 rain. An inc rea se  in E h was found in 
the l i ve r  of the i r r ad ia ted  an imals  c o m p a r e d  with the controls .  The value of E h in the spleen 
was reduced,  while no significant  changes were  found for  Eh in the kidneys and musc les .  The 
kinet ics  of the change in PO 2 co r re sponded  to that  of the changes in E h in the s ame  t i s sues .  

The m e c h a n i s m  of act ion of u l t rasound [2, 3, 5] on living t i s sues  has  not yet  been finally explained. 
The mos t  widely held views postulate  that  the act ion of ul trasound is connected with i nc rea sed  intensi ty of 
oxidation-reduction p r o c e s s e s  involving the par t ic ipa t ion  of oxygen or  with e lec t rophotochemica l  p r o c e s s e s  
developing in cavi ta t ion r e c e s s e s  [7, 8]. 

The object  of this invest igat ion was to study changes in the redox potential  (E h) and in the par t ia l  
oxygen p r e s s u r e  (PO 2) in the t i s sues  in vivo as the pr incipal  p a r a m e t e r s  ref lec t ing  the s ta te  of the oxida- 
t ion-reduct ion equi l ibr ium of the body. 

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

For ty  l abo ra to ry  r a t s  were  divided into 4 groups ,  with 10 animals  in each group, of which two were  
control  and the o ther  two were  expe r imen ta l  groups for the m e a s u r e m e n t  of Eh and PO 2, r e spec t ive ly .  
These indices were  de te rmined  in the t i s sues  of the l iver ,  spleen,  kidneys,  and musc les  of an imals  anes-  
thet ized with hexobarb i ta l .  The m e a s u r e m e n t s  were  made 15 rain a f t e r  i r r ad ia t ion  and eve ry  5 min for  1 h. 

The abdominal  region was i r r ad i a t ed  for  10 rain using oil as the contact  liquid. Ultrasound with an 
intensi ty of 0.15 W / c m  2 and frequency 815 Hz was used~ The value of Eh was m e a s u r e d  with a h igh-ohmic  
po ten t iometer  (the LPU-01 pH-mete r ) .  A plat inum needle e lec t rode  was used as the measu r ing  e lec t rode ,  
and the compar ing  e lec t rode  was a fac to ry-made  sa tu ra ted  ca lomel  e lec t rode  [6]. The values of PO 2 were  
de te rmined  po la rograph iea l ly  [1] .  The sou rce  of power  was a type l~I-1 pulse gene ra to r  giving square  
pulses  of constant  voltage with a f requency range  of 0.5-2,500 Hz and a pulse durat ion of 0.02-100 m s e c .  

The sens i t iv i ty  of the pla t inum e lec t rodes  to oxygen was tes ted  between vol tages  of 0.1 and 1.1 V. 
This showed that  the po la rographic  plateau was mos t  c l ea r ly  defined between f requencies  of 1,500 and 2,500 
Hz for  a pulse durat ion of 0.02 m s e c .  

The magnitude of the po la rographic  cu r r en t  was m e a s u r e d  with a type M-95 m i c r o a m m e t e r  a t  a vol t -  
age of 0.6 V. The r e s u l t s  of the study of the kinet ics  of Eh and P O  2 w e r e  analyzed by s ta t i s t ica l  methods [4]. 
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Fig. 1. Kinetics of oxygen ten- 
sion in t issues of r a t s  under the 
influence of ul trasound.  Abscis-  
sa, time (in min); ordinate,  oxy- 
gen tension (tO~, in m m  Ilg). 
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Fig. 2. Kinetics of redox potential 

in tissues of rats under the influence 

of ultrasound. 

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

The experimental  resul ts  given in Figs.  1 and 2 show that the 
value of E h differed in the different t i ssues  of the unirradiated ra ts .  

The value of Eh in the t i ssues  remained at a constant level, with slight fluctuations, throughout the period 
of investigation. The slight deviations of the index f rom the mean value observed in the l iver  and spleen 
t i ssue  during the f i rs t  minutes of the investigation could ref lect  the response  of these t issues  to m i c r o -  
t r auma  on insert ion of the electrodes.  The value of PO 2 in the t issues  of the control  ra ts  remained  constant 
throughout the experiment.  The slight fluctuations in 102 around the mean value corresponded to the s imi-  
lar  changes in Eh. The kinetics of E h and 102 in the l iver ,  spleen, kidneys, and muscle  t i ssues  of the unir-  
radiated animals thus remained at a constant level charac te r i s t i c  for each t issue.  

Changes in these indices with time relat ive to the control were found in the i r radia ted  animals .  The 
direct ion of the changes in 1 0  2 and in Eh was the same in all the t issues investigated. In the liver the 
values of t O  2 and E h were increased  af ter  i r radiat ion throughout the period of study. In the spleen, kid- 
neys,  and muscles  the v~lues of both E h and PO 2 were reduced below normal .  The most  marked changes 
in the value of E h were detected in the l iver and spleen (1 < 0.05), while the least  changes were found in 
the muscles  and kidneys. 

The investigation of PO 2 revealed a definite decrease  in its value in the spleen and muscles  (P< 0.05)~ 
A tendency toward a decrease  in ! O  2 was observed in the kidneys. The oxygen tension in the l iver  was in- 
c reased  by compar ison with the control .  

These experiments  thus showed that during the f i rs t  few minutes after  i r radiat ion definite changes in 
the equil ibrium between oxidation and reduction take place in ra t s ,  as shown by the significant changes in 
t O  2 and E h in the spleen, and at cer ta in  t imes of investigation in the other t issues also. The absence of 
significant changes in the kinetics of E h and PO 2 at cer ta in  periods of the investigation may perhaps be 
attributable to protective responses  of the body aimed against  the destruct ive action of the ul t rasonic  waves.  

It can be concluded f rom these resu l t s  that in mos t  t i ssues  investigated the values of Eh and PO 2 
were reduced by  the action of ultrasound. Only in the l iver  of the ra ts  were these pa rame te r s  increased.  
The paral lel  between the kinetics of t O  2 and E h observed in the t issues  of the i r radia ted ra ts  investigated 
confi rms the view that the formation of redox potentials is mainly dependent upon the oxygen concentration.  

Considering that E h in living sys tems  ref lec ts  the total concentrat ion of oxidative and reductive 
fo rms  it can be assumed that the decrease  in E h in the t issues  of the spleen, kidneys, and muscles  was the 
resu l t  of the accumulat ion of incompletely oxidized products of metabol ism,  due to a decrease  in the oxygen 
concentrat ion.  The increase  in E h and t O  2 in the l iver  t issue under the influence of ultrasound is inter-  
preted as the resu l t  of an increase  in the intensity of oxidative p rocesses  involving oxygen. 
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