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In the modern view [3, 8] anatomical pathways of the pupillary reflex to light have a 4-neuron arc:  1) an 
afferent neuron in the retina; 2) an interneuron in the pretecta l  nucleus; 3) a central  efferent neuron in the 
Ed inger -Wes tpha l  nucleus; 4) a per ipheral  efferent neuron in the ci l iary ganglion (Fig. 1). In addition, in te r -  
neurons send their  axon col laterals  into the opposite pretectal  nucleus, which ensures  s y m m e t r y  of function of 
the pupillary sys tem of the two eyes.  However, the relative role of the principal and commissura l  pathways of 
the pupillary reflex is not yet  known. At the same t ime, resul ts  of experimental  and clinical investigations have 
demonstrated the important role of the cerebra l  commissures  in the mechanism of compensatory and r e p a r a -  
tive adjustments in the CNS after  unilateral  brain lesions [1, 4-7] and, in par t icular ,  in lesions of the principal 
afferent pathways. 

Accordingly  the aim of this investigation was to study the role of the neocort ical  and subcort ical  com-  
missura l  pathways in compensation of dis turbances in the oeulomotor sphere of cats due to injury of the afferent 
a rc  of the pupil lary ref lex by unilateral division of the optic t r ac t .  By making additional t ranseet ions of com-  
missu res  of the telencephalon, diencephalon, and mesencephalon it was also possible to compare the effect ive-  
ness of these s t ruc tures  in res to ra t ion  of s y m m e t r y  of the pupil lary react ion.  

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

Exper iments  were car r ied  out on 42 adult cats divided into four experimental  groups:  1) cats with division 
of the left optic t rac t ,  2) cats with combined division of the left optic t r ac t  and corpus callosum, 3) animals with 
combined division of the left optic t r ac t  and commissures  of the telencephalon, dicncephalon, and mesencephalon 
(corpus eallosum, anter ior  cerebra l  commissure ,  hippocampal commissu re ,  interthalamic and intercol l icular  
commissu res ,  pos te r io r  cerebra l  commissure) .  In the animals of group 4 division of the left optic t rac t  was 
combined with division of the right half of the tegmentum mesencephali ,  which interrupted connections between 
the mesencephalon and the ret ina and thalamus.  The dimensions of the pupils were determined in animals of all 
the experimental  groups for  150 days after  the operat ion every 10 days.  The pupils were measured  under stan- 
dard conditions, during uniform average diffuse illumination of both eyes ,  photographically and visually. The 
sever i ty  of the anisocor ia  was est imated depending on differences in maximal  t r ansve r se  d iameters  of the pupils: 
marked anisoeoria  ( t ransverse  d iameters  differed by more  than 3 t imes),  moderate anisocor ia  ( t ransverse  d iam-  
e ters  differed by more than 3 t imes) ,  moderate anisocor ia  (differed by more  than 1.5 t imes),  and mild aniso-  
cor ia  (differed by less than 1.5 t imes) .  At the same t ime as the pupils were measured ,  the concordant react ion 
of the pupils to a change in the intensity of il lumination was determined in animals of all groups.  In each ex-  
per iment  5 measurements  were made on each account. The resul ts  were averaged for  each experimental  group. 
The significance of the resul ts  was est imated by F i s h e r ' s  angular t ransformat ion  [2]. At the end of the exper i -  
ment the accuracy  of the neurosurgical  operations was verified in ser ia l  brain sections stained by Niss l ' s  method. 

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

In the f i rs t  10 days af ter  the operation symptoms of anisocoria  were observed in all animals of the f i r s t  
3 groups and in 88% of animals of group 4 (Fig. 2). Severe and moderate  anisocoria  was found in most animals 
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Fig. I. Scheme of arc of 
pupillary reflex to light. 
Pr) pretectal nuclei; EW) 
Edinger-Westphal nucleus; 
GC) ciliary ganglion; iC) 
commissure of superior col- 
liculus. 
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Fig. 2. Time course of symptoms of anisocor ia  in 
animals of four groups (1-4). Abscissa ,  days of ex -  
per iments ;  ordinate, number of animals with aniso-  
cor ia  (in per  cent). 

of all 4 groups in the f i rs t  10-20 days of investigation. Later  the degree of sever i ty  of the anisocor ia  in the cats 
gradually diminished except in animals of group 3, in which a marked difference between the dimensions of the 
pupils pers is ted  for a long t ime.  The concordant react ion of the pupils to light was maintained throughout the 
period of observat ion in animals of all groups.  After isolated division of the optic t r a c t  in cats of group 1 the 
t r ansve r se  diameter  of the right (R) pupil was g rea te r  than that of the left (L) pupil (R > L) in all animals .  
This predominance also was observed in all cats of groups 2 and 4. The situation in two cats of group 3 was 
1~ > L, and in the remaining 8 cats of this group R < L. Symptoms of anisocor ia  in the animals of groups 1, 2, 
and 4 were unstable and disappeared during the period of observat ion in most  animals .  Anisocoria  in the cats 
of group 4 disappeared fas ter  (P < 0.05) than in the animals of the f i rs t  3 groups.  The slowest r e tu rn  to equality 
of size of the pupils occur red  in cats of group 3, in 66% of which symptoms of anisocoria  were detected 150 days 
af ter  the operation, whereas in the animals of groups 1, 2, and 4 anisocor ia  was observed only in 7-20% of cases 
(Fig. 2). The decrease  in size of the left pupil compared with the right in cats of group 1 indicates a difference 
in functional effectiveness of the principal components of the pupil lary ref lex arc .  The effectiveness of these 
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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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