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Experiments  were  ca r r i ed  out on cats anesthetized with pentobarbital during the development 
of dark adaptation. Local photic st imulation was applied to the sec tors  of the ret ina - nasal  
(NSR) and temporal  (TSR) - and e lec t r ica l  st imulation to the ipsilateral  optic t ract .  In r e -  
sponse to paired photic st imulation of TSR a response appeared whenthe super ior  colliculus to 
the second stimulus in the interval between the two was 160 msec,  compared with 100 msec 
for  st imulation of NSR. The r e c o v e r y  cycles  and ampli tude-frequency charac te r i s t ic  for  
evoked potentials (EPs) recorded  before and after  r eve r sa l  did not differ significantly (P < 
0.05) except in the case of st imulation of TSR. In response to e lec t r ica l  st imulation the am-  
pl i tude-frequency charac te r i s t i c  of EPs  recorded  before r eve r sa l  in animals af ter  ext i rpa-  
tion of the visual cor tex differed significantly f rom the same charac te r i s t i c  in the same an- 
imals with an intact cor tex and closely resembled  the ampli tude-frequency charac te r i s t i c  of 
the EP recorded  after  reversa l .  It is postulated that afferent impulses f rom the cor tex  may 
influence the dynamic charac te r i s t i cs  of the super ior  eoll icular  EP. 
KEY WORDS: super ior  colliculus ; visual evoked potentials ; visual pathways. 

Visual information f r o m  the ret ina reaches  the super ior  colliculi along several  afferent pathways. 
Axons of the ganglion cells f r o m  the nasal sec to r  of the ret ina (NSR) enter  the contra la teral  optic t ract ,  
f rom which some of them run into the contra la tera l  super io r  cotliculus. Axons of ganglion cells leaving the 
temporal  sec to r  of the re t ina  (TSR) enter  the ipsilateral  t rac t  and run to the ipsilateral  super ior  colliculus,  
respect ively .  Powerful afferent bundles also run f rom the visual cor tex  of each hemisphere  into the ipsflat-  
era1 super ior  eolliculi. Visual information also reaches  each super ior  colliculus along a ser ies  of small  
commisura l  t rac ts  [3]; these will not be examined in this paper.  

The afferent pathways l is ted above have so far  been studied chiefly morphologically.  The e lec t ro -  
physiological charac te r i s t i c s  reflecting the nature of information ca r r i ed  by the various afferent pathways 
are  not yet known. The investigation descr ibed below was ca r r i ed  out to study them. 

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

Seventeen cats weighing 2.5-4 kg were anesthetized with pentobarbital  (36 mg/kg).  The eyeball was 
sutured beyond the limbus to metallic half- r ings ,  and to dilate the pupils 1-2 ml of 0.1% atropine solution 
was injected into the nictitating membrane .  Evoked potentials (EPs) were recorded  by means of wire e lec -  
t rodes 30-40p in diameter ,  insulated with glass .  

For  local st imulation a parallel  beam of light f rom a DRGM-70 lamp was thrown on to the co r respond-  
ing sec tors  of the ret ina.  The duration of each flash was 10 msec and the intensity of illumination at the 
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Fig. 1. Dynamic charac ter i s t ics  of EPs  in response to photic s t imula-  
tion of different sec tors  of the retina. I, II) EPs in response to s t imula-  
tion of TSR and NSR, respect ively:  a) stimulation with paired f lashes,  
EP to second stimulus,  numbers on left show duration of interval (in 
msec) between stimuli;  b) repetitive stimulation, f igures on left show 
frequency of photic stimulation (in Hz). Calibration: 50 Hz, 50 pV. 
EPs  af ter  r eversa l ,  downward deflection of potential is negative. Ap- 
plication of stimuli coincides with beginning of sweep (dark adaptation): 
a) st imulation of TSR, b) of NSR; 1 and 2) EPs  recorded before and after 
r eve r sa l ,  respectively.  Abscissa ,  rec iproca ls  of time interval between 
f i rs t  and second flashes on a logar i thmic scale (to base 2), f (in Hz); 
ordinate, ratio between amplitude of EP to second stimulus and ampli-  
tude of EP to f i rs t  st imulus,  A2/A 1 (in %). IV)Amplitude of EP recorded  
before (1) and after  (2) r eve r sa l  as a function of frequency of photic s t imu-  
lation of different sec tors  of the re t ina  (dark adaptation). Abscissa ,  f r e -  
quency of stimulation on a logar i thmic scale (to base 2), f (in Hz); ordinate,  
ratio between amplitude of EP to repetit ive stimulation and amplitude of EP 
to single stimulation, Af/Af0 (in ~). Remainder  of legend as in III. 

cornea 90 Ix. The local charac te r  of the illumination was verif ied by means of two electrodes inserted into 
beth optic t rac ts .  In this way the source of lights was positioned so that EPs  of the optic t rac t  were recorded  
only ipsi lateral ly in response to illumination of NSR and eontra la teral ly  in response to illumination of TSR. 
This method of verification is based on anatomical data according to which fibers f rom TSR in the cat run to 
the ipsilateral  super ior  colltculus whereas f ibers f rom NSR run to the contralateral  colliculus [3]. 

Electr ical  pulses (0.2 msec ,  6-10 V) were applied through bipolar electrodes to the optic t rac t  ipsilat-  
e ra l  relative to the super ior  colliculus. 

The recording electrodes were inserted into the brain in accordance with coordinates of a s terotaxic 
atlas [2]. The position of the electrode tip was verified histologically. The reference  electrode was secured  
to the skin of the head. As soon as the experimental  p rog ram on animals with an intact cor tex was over,  the 
electrodes were taken f rom the brain,  the visual cor tex was removed surgical ly ,  and the electrodes were 
again inserted at the same coordinates into the points of the super ior  collieuli to be investigated. 

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  

EPs of the super ior  colliculi of the anesthetized cat during photic stimulation of TSR and NSR con- 
sisted mainly of three components:  a negative A0, negative At, and positive A 2. This polari ty of the com- 
ponents was observed when recorded  f rom the surface of the super ior  colliculus close to and within the s t r a -  
tum zonale. EPs in response to stimulation of TSR were about 1.1-3 times smaller in amplitude than those 
to stimulation of NSR. The component A 0 was ill-defined during stimulation of TSR. 
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Fig. 2. EPs  of super io r  colliculi in response  to repetit ive e lectr ical  
st imulation of the optic t rac t :  I) EPs  to e lect r ical  stimulation. Num- 
bers  on left denote f requency of st imulation (in Hz). Calibration: 50 
Hz, 100 pV. EPs  before reversa l .  Application of e lec t r ica l  stimulus 
shown as st imulation ar tefact ;  I1) graphs showing change in amplitude 
of EP during repeti t ive e lec t r ica l  st imulation: a) visuaI cor tex intact, 
b) visual cor tex removed.  Remainder  of legend as in Fig. 1. 

The dynamic charac te r i s t i c s  of component A 1 before and after  r eve r sa l  were examined in this investi-  
gation because of previous observat ions showing that the other  components of the E1 ) undergo substantially 
s imi la r  changes [1]. 

The response to the second of a pair  of stimuli applied to TSR appeared if the interval between stimuli 
was 160 msec,  and to st imulation of NSR if the interval was 100 msec,  i r respect ive  of whether the EPs  were 
recorded  on the surface or  in the depth of the super ior  colliculus. Complete r ecovery  of the second response 
to st imulation of these sec to rs  of the ret ina was observed if the second stimulus was applied 1000 msec after  
the f i rs t  (Fig. 1, parts  I, II). Quantitative differences between the r ecove ry  curves  of the response were not 
significant for TSR before and after  r eve r sa l  of the EPs ,  except at the point f=3  Hz (T= 330msec) (P< 0.05). 
The differences between the corresponding curves for NSR were not significant at all points (Fig 1, part  HI). 

The curve of amplitude of EP versus  frequency of st imulation is shown in Fig. 1, part  IV. The quanti- 
tative differences between the curve before and after  r eve r sa l  during illumination of TSR were significant 
within the range 2-4 Hz; during stimulation of NSR these differences were not significant at all points. 

EPs  to illumination of NSR and TSR differed in their  cr i t ical  f requency of fusion - 20 and 8 Hz, r e -  
s pe ct ively. 

During repetit ive e lec t r ica l  st imulation of the optic t r ac t  the amplitude of the EPs before reversa l  fell 
steadily with an increase in the frequency of stimulation. After  r eve r sa l  the amplitude of the E1 ) remained 
unchanged up to a f requency f=32 Hz (Fig. 2, part  IIa). 

Removal of the ipsi lateral  visual cor tex affected only the ampli tude-frequency charac te r i s t i cs  of the 
EP recorded  before r eve r sa l  (Fig. 2, I). In this case they came to resemble  those of the EP recorded 
after  r eve r sa l  (Fig. 2, par t  IIb)o No differences could be found between the ampli tude-frequency cha rac -  
te r i s t ics  of EPs recorded  to photic st imulation before and after  extirpation of the visual cortex~ 

The hypothesis was put forward previously  [1] that those cells whose dipoles are mainly vert ical  in 
orientation part icipate in the generat ion of EPs  before and af ter  reversa l .  EPs  before r eve r sa l  ref lect  pos t -  
synaptic potentials on the dendrites of these neurons,  whereas  EPs  af ter  r eve r sa l  ref lect  postsynaptic so-  
matic potentials.  On this basis ,  and allowing for the difference between tha ampli tude-frequency cha rac t e r -  
istics of EPs  recorded  before r eve r sa l  in response to e lec t r ica l  st imulation in animals before and after  ex- 
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t i rpat ion of the visual  cor tex ,  it can be postulated that the af ferents  of the supe r io r  colliculi running f r o m  
the cor tex  t e rmina te  chiefly on dendri tes  of neurons with ve r t i ca l ly  or iented dipoles .  

Impulses  t ravel l ing f r o m  the re t ina  and cor tex  to neurons of the supe r io r  colliculi  during phottc s t i m -  
ulation evidently have s i m i l a r  t empora l  p a r a m e t e r s .  This can be explained by the s imi l a r i t y  between the 
dynamic cha rac t e r i s t i c s  on the sur face  and in the depth of the supe r io r  collieuli .  During e lec t r i ca l  s t tmu-  
!at ion of the optic t r a c t  qual i tat ively different  impulse t ra ins  r e a c h  different  pa r t s  of the col l tcular  neurons .  
Mainly a single synchronized impulse f r o m  f ibers  of the optic t r a c t  r eaches  the s o m a o f t h e n e u r o n s ;  a l e s s  
synchronized flow of impulses ,  in the f o r m  of a typical  af ferent  d i scharge ,  also reaches  the dendri tes  f r o m  
the cor tex ,  the response  on the cor t ica l  neurons to e l ec t r i ca l  s t imulat ion of the optic t r ac t .  

Differences in the c h a r a c t e r  of the impulse t ra ins  reaching neurons of the supe r io r  colltculi  thus ac -  
count for  differences  in the i r  ampl i tude- f requency  cha rac t e r i s t i c s .  

After  r emova l  of the visual  cor tex  the ampl i tude- f requency  cha rac t e r i s t i c s  on the sur face  of the su-  
pe r i o r  colliculi  is substant ia l ly  changed and becomes  v i r tua l ly  indistinguishable f r o m  the amp l i t ude - f r e -  
quency cha rac t e r i s t i c  obtained a f te r  r e v e r s a l  of the EP ,  since the impulse t r a in  reaching the dendri tes  and 
soma  of the cel ls  is s i m i l a r  and consis ts  of a s ingle,  t empora l ly  synchronized impulse .  
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