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Po la rograph ic  s tudies show inc reased  oxygen uti l izat ion by the l ive r  of albino mice  a s s o -  
c iated with an inc rease  in xanthine oxidase act ivi ty  in the organ induced by repea ted  i n t r a -  
per i tonea l  injection of xanthine. Under these  s a m e  conditions an i nc rea se  in pO 2 is ob- 
s e r v e d  in musc le  t i s sue .  The s ignif icance of the resu l t s  is d i scussed  in connection with 
adaptat ion to repea ted  exposure  to chemica l  substances  and to the pa t t e rn  of thei r  
administration. 

By studying pa t te rns  of CC14 exposure  Sarkisov et al .  [5-7] showed that  more  frequent  admin is t ra t ion  
of this compound can r e su l t  in a lower  mor ta l i ty  among the an imals ,  accompanied  by the intensif icat ion of 
r e p a r a t i v e  regenera t ion ,  of in t r ace l lu la r  compensa to ry  p r o c e s s e s ,  and of DNA syn thes i s .  These  resu l t s  
were  conf i rmed  in exper iments  with furfural  [10, 141, benzene,  and aminobenz t r i f luor ide  [12]. The r e l a t ion -  
ship d i scovered  is evidently of genera l  biological  cha rac t e r :  depending on its chemical  s t ruc tu re  and 
metabol ic  pathways eve ry  chemical  substance  has its own rhythm of act ion in which in t r ace l lu l a r  r e g e n e r a -  
tion and DNA and prote in  synthes is  a r e  intensif ied.  The re  is a cor responding  inc rea se  in the act ivi ty  of 
the adaptive enzymes  controll ing the detoxicat ion of pa r t i cu l a r  poisons so that  the mor t a I i t y  among the 
an imals  is reduced.  Exper iments  with furfura l  in fact  have shown that if  the poison is admin i s t e r ed  m o r e  
often, with a consequent  reduct ion in mor ta l i ty ,  i nc reased  act ivi ty  of xanthine oxidase,  an enzyme r e spon-  
sible for  the convers ion  of a ldehydes ,  including furfura l ,  is obse rved  [10]. Meanwhile an inc rease  in the 
ac t iv i ty  of the adaptive enzymes  and in the r a t e  of pro te in  synthes is  mus t  evidently be accompanied  by 
inc reased  product ion of high-energy compounds and an i nc rea sed  supply of oxygen to the t i s sues .  The p r e -  
l im ina ry  observa t ions  made during an adaptive inc rease  in xanthine oxidase act ivi ty  produced by exposure  
to fur fura l  indicate an i nc rea se  in the par t ia l  p r e s s u r e  of oxygen (pO2) in albino mice  under  these  condi- 
t ions [11]. 

This pape r  desc r ibes  a specia l  study of changes in pO 2 in the t i s sues  and the ra te  of oxygen u t i l iza-  
tion by the t i s sues  during an adaptive i nc rea se  in xanthine oxidase ac t iv i ty .  

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

Male albino mice  weighing 18-20 g were  used.  Xanthine was injected in t raper i tonea l ly  once daily 
for  14 days in a dose of 3120 m g / k g  into the group of exper imenta l  an imals .  The control  an imals  r ece ived  
dist i l led wa te r .  Xanthine oxidase (xanthine: o x y g e n -  oxidoreductase ,  E.C.  1.2.3o2) act ivi ty  in the l i ve r  of 
the exper imenta l  and control  an imals  was de te rmined  14 days l a t e r  eo lo r ime t r i ca l l y  by the method of 
Li twack [18]. Meanwhile the ra te  of oxygen ut i l izat ion by the l i ve r  t i ssue  was de te rmined  polarographica l ly  
and pO2 was inves t igated in the gas t rocnemius  musc le  of the an ima l s .  In t ravi ta l  invest igat ion of pO2 in the 
t i s sues  was c a r r i e d  out on unanesthet ized animals  by the PA-3 po la rograph  modif ied so as to r e c o r d  the 
diffuse cu r ren t  in I -  t coordina tes .  The pO 2 de tec tor  was a spher ica l  gold e lec t rode  [3] and a ca lomel  
e lec t rode  was used for  r e f e r e n c e .  The indica tor  e lec t rodes  were  ca l ib ra ted  before  and a f t e r  the ex p e r i -  
ment  [1, 21. The ra te  of oxygen consumption in the l iver  was de te rmined  by record ing  the ra te  of dec rease  
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TABLE 1. 
Activity (M �9 m) 

Xanthine 
oxidase 
act ivi ty (in 
mmoles  
xanthine/g  
l iver)  

Control 11.1 �9 1.35 
E x p t .  14.8 �9 0.8 

Changes in P a r a m e t e r s  of the Oxygen Balance during an Adaptive Increase  in Xanthine Oxidase 

P 

0.05 

Constant of 
ra te  of 02 
uti l izat ion 
by l ive r  
t issue 

0.14 :~ 0.015 
0.18 • 0.01 

p~ 

< 0.05 

pO2 in 
muscle  (in 
mm Hg) 

19.77 :~ 1.07 
24.54 :E 1,02 

P 

-<0.002 

Overall  " 
oxygen 
consump- 
tion (in 
ram3/100 
g weight) 

10.83 �9 0.23 
10.21 :~ 0.3 

Red cell 
count (in 
millions / 
m m  3 

blood) 

6.64 -~ 0.24 
7.66 • 0.2 

P 

-<0.01 

*P determined by Watt 's  c r i t e r ion .  

of pO2 in the organ. The constant of t h i s p r o c e s s  was determined [13]. The red cell count in the per iphera l  
blood was obtained in a Goryaev ' s  chamber .  The oxygen consumption also was studied by Miropol ' sk i i ' s  
method [4]. Statist ical  analysis  of the resul ts  was c a r r i e d  out by Student's method and also by a nonpara-  
me t r i c  method using Watt 's  c r i t e r ion  [8]. 

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 resu l t s  a re  given in Table 1. Daily injection of xanthine into albino mice  fo r  14 days led to an 
adaptive increase  in xanthine oxidase act ivi ty  in ag reement  with data in the l i t e r a tu re  [16, 17]. The adaptive 
increase  in xanthine oxidase act ivi ty was accompanied by inc reased  oxygen consumption by the l iver  t i ssue,  
an increase  in pO 2 i n  the muscles ,  and some increase  in the r ed  cel l  count of the blood. The overal l  
oxygen consumption was unchanged. 

The resu l t s  suggest that during repeated  exposure  to chemical  substances in optimal rhythms,  
accompanied by activation of adaptive enzymes and intensification of DNA and prote in  synthesis ,  bio- 
energet ic  p rocesses  a re  profoundly reorganized .  The oxygen uti l ization by organs responsible  for  biological 
t r ans format ion  of the poison is inc reased  at the expense of oxygen consumption in t i ssues  not containing 
sys tems  metabolizing the compound. In the p resen t  case the adaptive inc rease  in xanthine oxidase activity 
in the l iver  was accompanied by an increase  in the oxygen consumption of that organ. Meanwhile in the 
musc les ,  which do not contain this enzyme,  an inc rease  in pO2 was observed,  evidence of reduced oxygen 
consumption of this t issue.  This hypothesis is conf i rmed by the fact  that, despite the inc rease  in the red 
cel l  count in the per iphera l  blood, the overa l l  oxygen consumption was unchanged. The inc rease  in 
res i s t ance  to poisons when admin is te red  in ce r t a in  rhythms is connected with changes in the act ivi ty of the 
enzyme sys tems  responsible  for  metabolizing these substances and, in turn,  this is accompanied by the 
reorganiza t ion  of some of the biochemical  and physiological sys tems of the organism.  This hypothesis is 
conf i rmed by data in the l i t e ra ture .  F o r  instance,  repea ted  adminis t ra t ion  of phenobarbital ,  increas ing the 
act ivi ty of the mic rosomal  enzymes of the l iver ,  was accompanied by inc reased  production of AT1 ) in the 
l i ve r  [14, 15, 19]. Increased  ATP format ion  is evidence of changes in oxygen metabol ism,  intensif icat ion 
of oxidative phosphorylation,  and an ~ncreased oxygen consumption by the t issue concerned,  in agreement  
with the resul ts  of the exper iments  descr ibed  in this paper .  
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