
components is insufficient to  mainta in  equal tone of neurons  of s y m m e t r i c a l  e f ferent  a res  of this ref lex .  With 
the pa s sage  of t ime ,  however ,  the ro le  of the c o m m i s s u r a l  components  may  be enhanced, and this p robably  leads 
to equalizat ion of the background level  of r eac t iv i ty  of the pupils .  Additional divis ion of the c o m m i s s u r a l  pa th -  
ways (cats of group 3) led to  s eve re  and last ing an i socor ia .  The absence  of any apprec iable  d i f fe rences  in the 
t ime  course  of compensat ion and r e p a i r  in the an imals  of groups 1 and 2 ru les  out any par t ic ipa t ion  of the ca l lo-  
sal  s y s t e m  in them.  The basic  mechan i sms  of compensa t ion  of functions in the pupi l lary  s y s t e m  in these  animals  
evidently utilized subcor t i ca l  c o m m i s s u r e s .  However ,  considering the p r e s e r v a t i o n  of the pupi l lary  re f lex  to 
light in the an imals  of group 1, the af ferent  a r c  of the c lass ica l  papi l la ry  ref lex ,  which was divided on both s ides  
by the t r a c t  and tegmenta l  divisions,  the existence of additional af ferent  pro jec t ions  to the oculomotor  cen te rs  
of the mesencephalon  must  also be postulated.  

It can be concluded f r o m  the r e su l t s  of this invest igat ion that  injury to the afferent  pa r t  of the pupi l la ry  r e -  
f lex a rc  by division of the optic t r a c t  leads to  r e v e r s i b l e  an i socor ia .  The ce reb ra l  e o m m i s s u r e s  evidently play 
an impor tan t  ro le  in the compensat ion  of these d i s tu rbances ,  fo r  the i r  divis ion significantly delays the t ime  
course  of r epa i r  p r o c e s s e s .  Deafferenta t ion  of the con t ra l a t e ra l  s u p e r i o r  colliculus,  on the other  hand, a c -  
ce l e ra t e s  compensat ion of an i socor ia .  
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An impor tan t  role  in the regulat ion of the f r e e - r a d i c a l  lipid peroxidat ion (LPO) in vivo is played by enzyme 
s y s t e m s  detoxicat ing act ive f o r m s  of oxygen, namely  superoxide d i smutase  (SOD), and lipid peroxides ,  namely  
glutathione pe rox idase  (GP) and a lso  glutathione t r a n s f e r a s e  (GT) [4]. The w r i t e r s  showed p rev ious ly  that in-  
ju ry  to the l iver  caused by c lamping  the vascu la r  pedicle  of a hepatic  lobule is  accompanied  by marked  ac t iva -  
t ion of LPO and by s imul taneous  dec r ea s e  in act ivi ty  of naatioxidantn enzymes  in the i schemie  organ [2]. The 
resu l t s  of other expe r imen t s  by the wr i t e r s  a lso  pointed to act ivat ion of LPO in i schemic  hea r t  d i sease  [5], 
during expe r imen ta l  i s chemia  and subsequent  pos t i s ehemic  reper fus ion ,  and a lso  in myocard ia l  infarct ion [3, 9]; 
it was shown [2, 12], m o r e o v e r ,  that ce r t a in  synthet ic  and natural  antioxidants have an ant inecrot ic  action. 
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TABLE 1. SOD and GP Activity (in relat ive u n i t s / m g  protein) during Ischemia and Sub- 
sequent Reperfusion (M �9 m) 

Enzyme 

SOD 

GP 

Legend. 

Re?erfusion, 
rain 

0 
10 
40 
0 

10 
40 

10 

39,044-1,2 (6) 
36,124-1.12 (6) 
32,9• 1,04 (5) 

0,254• (6) 
0,215+-0,02 (5) 
0,274• (6) 

Duration of ischemia, rain 
40 

33,2• (6) 
34,4• (6) 
35,9• ,43 (6) 
0,242• (5) 
0,28• (6) 

0,209• (6) 

120 

29,3• (6) 
49,07• (6) 
38,65• (6) 
o, 182• (6) 
o, 166• (6) 
0,124• (6) 

Number of animals shown in parentheses. 
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Fig. i. SOD (1), GP (If), and GT (Iff) activity in zone 
of ischemia (filled circles) and in distant parts of the 
myocardium (empty circles). Abscissa, duration of 
ischemia (in • ordinate, enzyme activity (in rela- 
tive units/mg protein). 

The wr i te rs  previously [6] obtained evidence to show that an important role in ischemic injury to the m y o -  
cardium is played by changes in activity of "antioxidant" enzymes,  and since activity of these enzymes can in- 
fluence not only ischemia,  but also subsequent perfusion, the action of experimental  t ransient  coronary  insuffi-  
ciency on SOD, GP, and GT activity was investigated in the ra t  myocardium.  

EXPERIMENTAL METHOD 

Experiments were carried out on 120 noninbred male albino rats weighing 200 • 20 g. Transient coronary 

insufficiency was produced under urethane anesthesia (1200 mg/kg) under artificial ventilation of the lungs with 
atmospheric air, by division of the left coronary artery 2 mm below the level of the left inferior angle of the in- 
fundibulum, followed by removal of the ligature as described previously [i0]. Activity of SOD, GP, and GT was 
determined in the zone of ischemia and in parts of the heart at a distance from it (the right ventricle and the 
posterior zone of the ventricular septum) after 5, i0, 20, 40, 50, 80, 120, and 160 • of isehemia, and also after 
I0 and 40 • of reperfusion after ischemia for i0, 40, and 120 • Activity of "antioxidant" enzymes was 
studied at the same time in intact ardmals before reproduction of transient coronary insufficiency (control) and 
in rats undergoing a mock operation. At each experimental point at least 6 animals were used. Preliminary 
experiments showed that the action of urethane anesthesia causes a reduction in activity of the enzymes studied 
in the myocardium, but in rats undergoing the mock operation, changes in SOD, GP, and GT activity were not 
significant. 

SOD activity was determined by measuring inhibition of reduction of ni tro-blue te t razol ium in a xan th ine -  
xanthine oxidase sys tem [ l l ]  on a Hitachi (Japan) 220A specfrophotometer ;  activity of GP and GT was de t e r -  
mined by measuring oxidation of NADPH in a coupled glutathione reductase sys tem,  using te r t -ba ty l  hydroper -  
oxide as subst ra te  [7], and by measur ing the format ion of glutathione conjugates with 1-chloro-2,4-dini t robenzene 
[13] on an FP-901 chemical  analyzer  (from Labsys tems,  Finland) on a semiautomatic  p rogram.  The protein 
concen tra t ion  in the homogenates was determined by the microbiure t  method using tes t  kits f rom Medix (Finland) 
on the FP-901 chemical analyzer .  
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E X P E R I M E N T A L  R E S U L T S  

Activity of SOD, GP, and GT in the zone of i schemia  was 22, 59, and 45~0 lower than in the control r e s p e c -  
t ively 10 min after  application of the l igature (Fig. 1). With an increase in the duration of ischemia,  activity of 
the 'antioxidant" enzymes continued to decline, and after  2 h it fell a lmost  by half compared with the control 
(Fig. 1). Previously,  on a different model of experimental  ischemia,  the wr i te r s  observed a s imi la r  decrease  
in activity of the nantioxidant" enzymes at the same t imes [6]. The fall in SOD and GP activity at certain t imes  
of myocardia l  i schemia also was observed by other workers  [1], but the amplitude of the chaages in the exper i -  
ments by the authors cited was lower than in the present investigation and in that undertaken previously [6]. 
Gutkin and Petrovich [i] found that in a zone of myocardium remote from the ischemic focus SOD and GP ac- 
tivity was lower after 1 h of ischemia than in an animal undergoing a mock operation, but was higher than in the 
ischemic zone. In our own experiments SOD, GP, and GT activity did not differ significantly in the zone of 
ischemia and in a zone of myocardium distant from it at any of the times of investigation (Fig. i). These dis- 
agreements between our own results and data in the literature can evidently be attributed to certain differences 
in the method of production of ischemia and of taking the experimental material. In the present investigation 
reperfusion for I0 and 40 rain after preceding myocardial ischemia for I0, 40, and 120 rain had virtually no 
effect on SOD and GP activity (Table i). It must be pointed out that SOD activity in the myocardium after 120 
rain of ischemia was increased after both I0 and 40 rain of reperfusion (Table i). Consequently after the times 
of reperfusion studied, GP activity in the myocardium was virtually unchanged, whereas after the same times 
of oxygenation, an increase in SOD activity was found. This fact is in agreement with data in the literature [14] 
and with our own [8] results of a study of SOD activation during hyperoxia. An investigation on the isolated 
heart [12] showed that oxygenation after hypoxia leads to a significant fall in both SOD and GP activity. The in- 
crease in SOD activity after reperfusion of the ischemia rnyocardium can evidently not be explained entirely by 
the oxygen effect of reperfusion. 
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