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DYER, R. S. AND Z. ANNAU. Flash eroked potential~ t}om rat superior colliculu~. PIIARMA('. BIO('tlEM. BEHAV. 614 
453-459,  1977. In view of reports that the superior colliculns evoked potential from rats is uniquely sensitive to luxic 
gases, the present study characterized normal flash evoked potentials from unanesthetized rats. "rhe waveform was 
complex, with at least 5 positive and 5 negative peaks. The waveform originated in the SGS layer, and some components 
were stable over time if conditions of light intensity, stimulus frequency and dark adaptation were held constant. The 
greater complexity of the waveforms reported here compared to those described by others can be attributed to both an 
intense llash stimulus and unaneslhetized preparation. 

Pharmacological methods 
Superior colliculus 

Evoked potentials Vision Unaesthetized preparation 

FII 'LD potent ia ls  evoked in the ntammalian super ior  
colliculus (S("I by light flash or electrical s t imulat ion of  the 
optic  nerve have been studied in both  anes the t ized  and 
unanes the t i zed  prepara t ions  [7, 8, 9. 10]. The complex i ty  
of  waveforms repor ted  in these studies has varied con- 
siderably,  ranging from a single biphasic sinusoid to a 
mul t ipeaked potent ia l  with super imposed  spikes. Accurate  
charac ter iza t ion  of  the normal  St" evoked potent ia l  is 
impor tan t ,  since it has been suggested to be ex t remely  
sensitive to such toxic agents as carbon monox i d e  and 
ozone  and on those g rounds  has been r e c o m m e n d e d  as a 
p rocedure  useful in assaying ( 'NS responses to en- 
v i ronmenta l  agents [121. Clearly before evaluat ions of lhis 
nature can be conf iden t ly  made,  the evoked potent ia l  must 
be accurate ly  descr ibed under  normal  condi t ions .  

The present  paper  character izes  the normal  SC visual 
evoked potent ia l  from unanes the t i zed  rats. Al though more  
papers have examined  the cat than the rat St ' ,  our results 
suggest similarities be tween  the potent ia ls  evoked in the 
two species. Light flashes were chosen  over optic  tract 
s l imula t ion  because they more closely app rox ima ted  
natural act ivation.  

METHOD AND MATERIAl. 

Sixty adult male Long-Evans rats ob ta ined  from Blue 
Spruce Farms were used in the exper iments .  Animals were 
anes the t ized  with Equi thesin ,  fol lowing which they had 
bipolar  0.25 mm twisted n ich rome  wires, insulated up to 
the cut tips, lowered into their superior  colliculus under  
s tereotaxic  guidance.  The tips of the e lec t rodes  were 
separated from each o the r  m the vertical plane by about  
1 ram. and the e lec t rodes  were lowered into the St '  at 5.5 
pos ter ior  to bregma, 1.5 lateral and about  3.8 mm deep. 
The e lec t rodes  were cemen ted  in place with dental  acrylic 

and connec ted  to an Ampheno l  receptacle.  A 0-80 stainless 
steel screw was screwed into the skull over the frontal sinus 
and connec ted  by an insulated n ichrome wire to the 
receptacle for purposes  of grounding  the animal. At least 
one week recovery was allowed before any recordings were 
made. 

After  pupils were dilaled t ( 'yc logyl l  and the animals 
were connec led  to the recording apparatus  via an 
Ampheno l  ph,g and bl icrodot  mininoise shielded cable. 
they were placed in a chamber  8 cm wide, 20 cm long and 
38 cm high. which had mirrors on 3 walls, ceiling and floor. 
The four th  clear Plexiglas wall had the lamp from a Grass 
PS-2 pho tos t imu la to r  moun ted  flush against il. The mirrors 
were in tended  to insure that the flash was of roughly equal 
intensi ty independen t  of direct ion of gaze. Air was blown 
into the chamber  at 6 k/rain through a 0.6 cm hole located 
5 cm from the floor. Al though signs of  startle or behavioral 
reactivity to the phot ic  stimuli were never observed after  
the first few flashes, each days data col lect ion session was 
immedia le ly  preceded by about 300 flashes at the same 
intensi ty and frequenc., '  as wouhl occur during the session. 
This procedure  was in tended to allow for habi tua t ion  to the 
recording chamber ,  the flash and the air flow. Recordings 
were made by connec t ing  the animal to convent ional  
preamplif iers  v,'ilh high and low f requency cu tof fs  set at 
10 kHz and 0.2 Hz respectively.  Amplif ied signals were led 
to an oscil loscope for moni tor ing ,  and to a PI)P-12 
c o m p u t e r  for averaging. The post s t imulus analysis epoch 
was 2 4 0 m s e c ,  each I msec represent ing one bin of  a 240 
point plot display. Voltage was sampled every 333 u sec, 
and the three samples were averaged together  to produce  
the value depos i ted  m a given bin on a given sweep. Unless 
o therwise  holed ,  50 responses  were averaged for each run. 
It should be noted  that a true average was obta ined,  thus 
obviat ing the need for a cal ibrat ion pulse on c~,ch run. 
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A signal fronl the c o m p u t e r  triggered a Grass $44 
s t imula to r ,  which in turn  triggered the pho tos t i n lu l a to r .  
Except  dur ing  e x p e r i m e n t s  which evaluated  the effects  of 
varying flash in tens i ty ,  it was always set at its greatest  value 
(No. 16), which  p roduced  a 10,u sec flash of abou t  1.5 × 
10 <' cand lepower .  Except  dur ing  recovery cycle ex- 
pe r imen t s  flashes were presen ted  at 0.5 llz. l ) ischarge of 
the s t robe  uni t  was accom pan i ed  by a week aud i to ry  click. 
This  click was largely masked by the noise p roduced  by the 
s l ream of air b lowing  in to  tlle chamber ,  but  to insure that  
no aud i to ry  c o m p o n e n t  c o n t r i b u t e d  to the flash evoked 
po ten t i a l  the s t robe  face was covered with opaque  inater ial  
and a series of runs was accompl i shed .  No evidence of  an 
aud i to ry  c o m p o n e n t  was observed.  

Averaged wavefo rms  were displayed on an osci l loscope.  
and a cursor  con t ro l l ed  by the te le type  and  one analog 
channe l  could be moved  along the averaged waveform by 
the expe r imen te r .  Upon  signal the la tency and amp l i t ude  of  
the bin co r r e spond ing  to the cursor  loca t ion  was pr in ted .  In 
addi t ion ,  a bin by bin descr ip t ion  of the ent i re  evoked 
poten t ia l  could  be pr in ted  by a Cen t ron ic s  pr inter .  Bm 
values were read to the nearest  1.0,uV. Unless no t ed  
o therwise ,  evoked po ten t i a l s  p resen ted  as figures in the 
paper  are e i the r  t racings made  from polaroid p ic tures  of the 
osci l loscope display or graphs drawn by p lo t t ing  every 
o the r  bin value. Cal ibra t ion  marks  appear ing  on  mos t  of the 
figures are hand drawn and are p resen ted  for the reader ' s  
convenience . . ,~c lua l  values of ampl i t udes  and la tencies  were 
o b l a m e d  direct ly  as descr ibed above.  

Recovery cycles were d e l c r m m e d  for 5 aninla ls  a c c o f  
ding to the m e t h o d  descr ibed by Shagass I I I I. t-ach sweep 
c~miained 3 flashes: the first, a reference flash, was 
separa ted  from the second by a fixed 2 sec interval.  The 
a s sumpt ion  was made  that  on tile average, the response  to 
the first two flashes would be the same. Phis proved a 
reasonable  assun ip t ion ,  since averaged evoked po ten t i a l s  
ob ta ined  at 2 sec intervals  appeared  identical  to those  
ob ta ined  at longer intervals.  The  interval  be tween  the 
second and thi rd  flashes varied unti l  100 trials had been run 
at 2000,  1000, 500,  350,  200,  150, 125, 100, 80. c'~0,40, 
30, and 2 0 r e s e t  intervals.  Af te r  each sweep,  the 240 bins 
fol lowing the first flash were sub t r ac t ed  from the 240 bins 
fo l lowing the second flash, thus  leaving the response  to the 
th i rd  flash. In the case where interf lash intervals  were long, 
this p rocedure  proved unnecessa ry ,  but  at shor t  in terf lash 
inlervals  it was necessary to separate  the second Iron3 the 
lhird response.  In 3 animals  the e x p e r i m e n t  was repea led  at 
least 1 week af ter  the first session. 

I-.Tfecls of varying s t imulus  in tens i ty  upon  ampl i t udes  
and la tency of d i f ferent  c o m p o n e n t s  were d e t e r m i n e d  in 6 
animals.  In these e x p e r i m e n t s  the 5 d i f fe rent  relative 
in tens i t ies  of the (;russ p h o t o s t i m u l a t o r  were used, and 
vahies were expressed as a pe rcen tage  of the response 
ob t a ined  to the max imu tn  set t ing.  Trials of 100 fhishes 
were run at each set t ing,  and compared  to an in lmedia te ly  
preceding  trial of  100 flashes fit the m a x i m u n l  in tens i ty .  
Order  of p r e sen t a t i on  of the trials was 1~~, 1, 1(~. 8. I{>, 2, 
1,<~, 4. l h e  n u m b e r s  1, 2, 4, 14, and 16 co r r e spond  roughly 
t o  ¢L4 × 1 0 " .  1 . 9  x l 0  s , 3.14 × 10 <, 7.5 × 10'  f i n d  

1.5 x ll)" candlepower .  
1 o  verify tllftt all po ten t i a l s  reversed polar i ty  in the 

s l ra tunl  gr iseum superficiale I I01 six acute experin ' lents  
were pe r fo rmed  unde r  t -qui thes in  anesthesia .  In these 
e x p e r i m e n t s  a n l o n o p o l a r  e lec t rode  w, as lowered th rough  
the super ior  col l iculus m 10 u sleps,  with  evoked po ten t i a l s  
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averaged in b locks  of 100 at each step. Most reguhtr 
recordings  were made  using the bipolar  conf igura t ion ,  hut 
in o rder  to fu r the r  es t imate  the origin of  d i f ferenl  
c o m p o n e n t s ,  each chron ic  animal  had a series of  m o n o p o l a r  
recordings  refer ing e i the r  the deep or shal low pole of  the 
e lec t rode  to g round .  

Final ly ,  the animals  were perfused with normal  saline 
and I0<.7 Formal in ,  the e lec t rodes  were careful ly removed .  
and the brains  were f rozen,  sec t ioned  at t,10u and s tained 
with cresyl violet to conf i rm loca t ion  of  lhe e lec t rodes  and 
lesions. 

RI.:SIJLrs 

Wa l't'.leJrm 

Several d i f ferent  wave to rms  have been repor ted  cis 
charac ter i s t ic  of  the S('. Figure 1 schenla t izes  three  basic 
wavefo rms  descr ibed for flash evoked potent ia ls .  Active 
e lec t rodes  were below the s t r a tum griseum superficiale 
{S(;S): and negat ivi ty  is represented  by an upward  deflec- 
l ion.  

The types  2 and 3 waveforms  in Fig. 1 were typical  of  
those  we have recorded.  We have occasional ly  observed,  us 
have o thers  [51,  an early complex ,  indicated by do t t ed  
lines in Fig. I, however ,  since its presence,  even wi th in  
animals ,  was not  cons i s ten t  we have not  evaluated  it 
quan t i t a t ive ly .  Normat ive  data for 15 animals  are presented  
in Table 1. Nine of these aninials  were dark adap ted  for 
2 hr,  and recordings  were made in a clark room.  The o the r  
six animals  were not dark adap ted  and had recordmgs  taken 
in a room that  was not darkenecl. Ampl i tudes  are given in 
~V with the coeff ic ient  of varhtbi l i ty u n d e r n e a t h ,  and 
la tencies  are given in ins with the coeff ic ienl  e l  variabil i ty 
u n d e r n e a t h  131. The vahies used to charac ter ize  each 
animal  were the means ob la ined  from 500 flashes. 

l he  initial positive def lec t ion ,  PI ,  was p robab ly  
ana logous  Io the initial def lec t ion  descr ibed by others .  
Under  cons tan t  cond i t ions  it had ai rehttively cemslant  
wi th in  aninlal  la tency to peak,  but  ,:ere crossing ~f the 
wave al N I varied in la tency from Irial to trial. 

l h e  Pl wave was fol lowed by a complex  and variable 
waveform which was besl characterizc,,l  as a negative W:,lve 
which f requen t ly  had I or 2 posit ive going spikes riding 
upon  il. In abou t  5(J':; oi  animals  the positive spikes were 
not  observable ,  while in o thers  they were as large as P I. Ihc  
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TABLE 

AMPLITUDES {~tV} AND LATENCIES 
TIAI. COMPONENTS IN 15 ANIMAI.S 

ITY ( : ~  I00) GIVEN IN 
x 

(MS) OF SC EVOKED POTEN- 
COEFFICIENT OF VARIABIL- 
PARENTHESIS 

Amplitudes NI-PI PI-N3 N3-P3 P3-N4 N4-P4 P4-N5 N5-P5 

Dark Adapted 400 122 134 690 189 142 252 
(16.8) (26.0) (25.4) (15.9) (31.2) (47.9) (23.0) 

Non 277 145 132 522 160 109 197 
Dark Adapted (31.0) (44.8) (51.5) (29.5) (33.8) (56.9) (32.5) 

Latencies PI N3 P3 N4 P4 N5 P5 

Dark Adapted 27.9 34.6 40.1 50.5 62.6 70.4 166.4 
(2.5) (2.3) (I.8) (I.6) (4.5) (4.6) (5.1) 

Non 28.3 34.0 40.2 51.7 61.2 69.2 173.2 
Dark Adapted (3.2) (I.5) (1.2) (I.6) (3.8) (3.2) (4.7) 

most  c o m m o n  conf igu ra t ion  ( abou t  95% of  all an imals  
showing  the posit ive spikes)  had only  1 of  the  posi t ive 
spikes,  and  for this  reason we refer  to this waveform as the 
PI-N2-P2-N3-P3 complex .  Even wi th in  animals  this wave- 
form varied cons ide rab ly  f rom trial to trial. In descr ib ing 
this wavefo rm,  amp l i t ude  m e a s u r e m e n t s  were t aken  from 
P) to N3, unless N2 was clearly larger and more  d is t inc t ,  in 
which  case ampl i t udes  were measured  f rom PI to N2. None  
of  the p rocedures  tes ted selectively af fec ted  just  one of  
these two negative peaks.  Var iabi l i ty  was so great  tha t  this  
comp lex  is no t  likely to be useful  in evaluat ing the ef fec ts  
of  any agent  upon  CNS func t i on  unless  the effect  of  the 
agent is to  reduce  var iabi l i ty .  

Assessing a m p l i t u d e s  of P3 and N4 was occas ional ly  
diff icult  if one a t t e m p t e d  to measure  f rom basel ine,  since 
there  were some trials on which  P3 was only  posit ive with 
respect  to N3, and not  with  respect  to baseline.  In mos t  
animals  trials of this sort  were unusua l ,  but  the i r  presence 
could  not  be ignored.  It seemed possible,  t he re fo re ,  tha t  
amp l i t udes  measured  from P3-N4 might  provide  a more  
s table  trial to trial desc r ip t ion  of  the waveform.  To test this 
possibi l i ty  it was necessary to ob ta in  an es t imate  of  the 
var iabi l i ty  of ampl i tudes  ob t a ined  using each of the 
d i f fe rent  m e a s u r e m e n t  t echn iques .  1"his was done  by 
record ing  seven consecu t ive  trials of 50 flashes each for 7 
d i f fe rent  animals.  For  each trial the a m p l i t u d e  of  P3 from 
basel ine,  N4 f rom baseline and P3-N4 was ob t a ined ,  and the 
coeff ic ient  of  var iabi l i ty  was then  calcula ted for each 
animal ,  and for each measure.  Paired t - tes ts  showed  tha t  the 
P3-N4 var iabi l i ty  was s igni f icant ly  less t han  P3 f rom 
baseline ( p < 0 . 0 5 )  and less bu t  no t  s ignif icant ly  so than  N4 
f rom baseline (0.05<17< 0.10).  

The N4-P4-N5 complex  rode on a long (about  115 msec)  
negalive wave which re tu rned  to baseline at P5. Occa- 
sionally af te r  discharge waves with a per iod similar  to N5 
could be seen fo l lowing N5 for the en t i re  240 msec epoch.  

Variability 

For  these e x p e r i m e n t s  to be useful it is necessary to 
know how stable the d i f fe rent  c o m p o n e n t s  of  the  evoked 
po ten t i a l  are. Rcference  to the coef f ic ien t  of  var iabi l i ty  
values in Table  1 makes  it clear tha t  there is more  
ampl i tude  var iabi l i ty  f rom one animal  to the next  than  
la tency var iabi l i ty ,  and a cons iderab le  range of  var iabi l i ty  
depend ing  upon  which peak is examined .  It will be s h o w n  

LONG TERM A M P L I T U D E  V A R I A B I L I T Y  
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FIG. 2. Coefficient of within animal variability in amplitude of 7 
different peaks derived from 5 recording sessions in 6 different 
animals spread over I1 days. The figure demonstrates that N1-P1, 
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FIG. 3. Coefficient of within animal variability in latency of 5 
different peaks derived from 5 recording sessions in 6 different 
animals. The figure demonstrates the greater stability of early peaks. 

See text for further explanation. 

tha t  wi th in  animals  some peak ampl i t udes  were s table while 
o thers  were not .  

To answer  the ques t ion  of long- term s tabi l i ty ,  a group of  
6 animals  had 500 evoked po ten t i a l s  averaged 5, 7, 8 and 
II days af ter  an initial session. The  coef f ic ien ts  of  
variabi l i ty  were ca lcula ted  for all peaks. The  results for 
ampl i tudes  are shown  in Fig. 2, and for la tency in Fig. 3. 
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1.1(.;. 4. I~stimale of ~,ithin ammal variability in amplitude of 3 
peaks derived from 2 recording sessions in 7 different animals. The 
two sessions were 500 flashes hmg, and were separated by 2 hr. rhe  
figure demonstrates stable recording'~ for the NI-PI and P3-N4 

peak'< Variance bars represent standard error (11" the mean. 

For these figures it is clear that the ampl i tude  of NI-P1 and 
P3-F4 c o m p o n e n t s  were most  stable,  and thal latencies of  
all early peaks were quite stable. As might be expec ted ,  
when variability was expressed as a funct ion  of day 1 values 
increasing variability' from the initial reading was found  
with lhe increases in time. 

Ampl i tude  variability was also studied under  2 con- 
di t ions with shor te r  time scales than above. In the first 
condi t ion ,  the averaged response of 7 animals to 500 flashes 
',','as compared  to a second average of 500 flashes which 
began 2 hr af ter  the end of the first set. lhis  seemed a 
likely paradigm for evaluating the effects  of short  exposure  
to carbon monox ide ,  since il takes about  2 hr for rat ( 'O l tb  
levels to reach equil ibrium at a cons tan t  concen t ra t ion  of  
inspired CO. The results of this exper iment  are shown in 
Fig. 4. Fhe  ampl i tudes  of the 3 peaks recorded during the 
second set of flashes are expressed as a percentage ot  the 
ampl i tudes  recorded in the first set. f r o m  this figure it is 

BLOCKS OF 50 PAST FIRST BLOCK 
11(;. 5. I i , , l imatc o f  v,' i thin an imal  var iab i l i t y  in amp l i t ude  o f  1 
peak,, deri', 'ed f rom 6 c(mseeuti', 'e rccc, rdin,._, sev,;i,.',ns in 7 d i f fe ren t  
animab;, l':aL'h ~;c:,;si(H1 c'Oll'.;i~;led o f  50 lqa~;lles and t '( , l lowed the 
preceding ~;¢s'..;ioll bv at',(ml 4 lnJll. The top graph ~.ho~.,.:,. change,; in 
:1111plJtude expre,~sed as ;1 percent: lge o f  the s(_,:,>;jon ( b h w k )  I 
a111plJtude. The I,awer eraph l)lot:~ the q; l l ld ; i rd  error,, o l  the nle;in~. 

in the upper  graph.  See text  for  t u r the r  explanalJ, ' ,n. 

clear that using such a procedure  one could expect  only 
slight variability in the NI-P1 and P3-N4 ampli tudes.  

In the second condi t ion ,  the averaged response of 7 
di f ferent  animals to 6 consecut ive blocks ot + 50 flashes was 
compared .  These results are shown in I"ig. 5. I!ach aninlal 's 
average ampl i tude  obta ined on ~, given block of flashes wa~ 
taken as a percentage of lhat animal 's  mean ampl i tude  for 
the firsl of the 0 blocks. Next the mean and standard error 
across animals of these percentage of first block within 
animal means was calculated for each block, l',Jgure 5 shows 
the block means and block standard error  plol ted sep- 
arately for three colnponel l ls .  Again, N I-P1 and P3-N4 
appeared quite stable, allhougtl both  showed a trend 
towards  gradually increasing variability with time lrom lhe 
firsl block. Peak N4-P4 appeared to have a high ampl i tude  
and a low ampl i tude  mode.  

I.'lash lntensit.v 

( 'hanging the flash intensity produced  dramatic  changes 
in the ew)ked potenlial .  Figure 6 shows quanti tat ively lhe 
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potential  represents the mean response to 100 flashes at the indicated delay. Negativity is t,p. 

e f f e c t s  o f  c h a n g i n g  i n t e n s i t y  on  the  a m p l i t u d e  o f  6 
c o m p o n e n t s :  e a c h  p o i n t  is t he  ave rage  o f  7 a n i m a l s  and  
each  a n i m a l ' s  p o i n t  is the  ave rage  o f  100 r e s p o n s e s .  V a l u e s  
are  e x p r e s s e d  on  t he  s e m i - l o g  p lo t  as a p e r c e n t a g e  o f  t he  
r e s p o n s e  to  a f lash  o f  m a x i m a l  i n t e n s i t y  (No.  16 on  t he  
Gra s s  S t r o b e ) ,  a n d  t h u s  a re  n o t  c o n l a m i n a t e d  by  in ter°  
a n i m a l  va r i ab i l i t y  in raw a m p l i t u d e .  T h e  N3-P3  c o m p o n e n t  
was  m o s t  s ens i t i ve ,  d r o p p i n g  o f f  q u i c k l y  at l ower  in- 
t ens i t i e s .  T h e  P3 -N4 .  N4-P 4 ,  a n d  P4-N5  c o m p o n e n t s  

r e a c h e d  m a x i m u m  a m p l i t u d e  at V: the  m a x i m u m  f lash 
i n t e n s i t y  (1 = 8). T h e  f lash  i n t e n s i t y  scale r e p r e s e n t s  t h e  5 
s e t t i n g s  on  t h e  G r a s s  S t r o b e  u n i t ,  c o r r e s p o n d i n g  r o u g h l y  to 
'4.4 x 104 , 1,9 x 10 ~, 3 .8  x l 0  s . a n d  1.5 × l0  s c a n d l e -  
p o w e r .  

R e c o v e r y  c y c l e s  were  p l o t t e d  for  five a n i m a l s .  T h e  
a m p l i t u d e  o f  N1-PI  fell to 50!:; o f  c o n t r o l  w h e n  t h e  
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FIG. 9. Photographs taken from the oscilloscope display of the 
averaged St" EP. Records in A, B and (" were averages of 50 EP's 
obtained sequentially from the same animal and illustrate the effects 
of varying flash intensity and arousal level. Total time from A1 to 
C2 is about 45 min. In A the animal was unanesthetized and in the 
recording chamber. AI flash intensity = 1.5 x 10 * cp; A2 flash 
intensity = 9.4 × It) 4 cp; A3 flash intensity = 9.4 × 104, but 
tlistance bet~een bulb and chaml~er is now 9 cm instead of flush" 
A4 calibration pulse ll)O ,uV, I0 ms. total trace duration 240 ms. 
('alibration pulse applies to both A and B. Immediately after A3 
animal was anesthetized with 160mg/kg Equithesin, and series B 
was begun 15 minlater. BI,B2, and B3 are the same asAI ,A2 ,  and 
A3, except animal ,,,,'as anesthetized. Immediately after B3 the 
animal was removed from the recording chamber. C1 and ('2 repeat 
BI and B2 outside the chamber. ('3 calibration pulse 100 ,uV, I0 
ms, total trace duration 240 ms, applies to C and 1). D1 same animal 
shown in A, B, and (', mean of 500 responses recorded under 
conditions identical to A1 except 60 days previously. Note the 
similar P3-N4 amplitudes. D2 and D3. different animals recorded 
under the same conditions as A1. Note the type 3 waveform. 

Negativity is represented by upward deflections. 

interstin3ulus interval was decreased to 150msec .  Sub- 
sequent  peaks became increasingly difficult  to ident ify at 
intervals less than 150 ms. probably  because latencies of  the 
different  peaks tended to vary somewha t  independen t ly  of  
one another .  Thus, lhe latency of N3 may have increased 
with decreasing inlers t imulus  intervals more  rapidly than 
N4, resulting in an apparent  decrease of its ampl i tude  to 0, 
when it overlapped N4 in time. For  this reason only the 
N I-P1 ampl i tudes  were evaluated quant i ta t ively.  Figure 7 
shows the average recovery cycle p lo t ted  for P1. This figure 
is based on 8 exper iments ,  since 3 animals were tested 
twice. Figure 8 shows the changes in waveforms observed in 
one animal at d i f ferent  in ters t imulus  intervals. Each po- 
tential in Fig. 8 represents  the mean of  100 trials at the 
indicated delay. 

In the acute exper iments  the reversal of  potent ia l  at the 
level of the s t ra tum griseum superficiale (SGS) was con- 
firmed. 

GENERAL I)IS('IISS, I()N 

Few authors  have described flash evoked potent ia ls  in 
S(" as complex  as type 3 in Fig. 1. but variations may 
probably  be accounted  for by variations in st imulus 
intensity and level of  arousal. Bishop and O'Leary 121 

described an equally complex  wave recorded from de- 
cort icate  rabbits lightly anes the t ized  with Nembutal .  In 
their case a long durat ion (23 ms) flash was used. In a 
preparat ion apparent ly  similar to the one used in tile 
present  s tudy,  X i n t a r a s e l  al. [12 ] ,  described only a type 2 
wave. Type 1 waveforms were repor ted  with short durat ion.  
low intensi ty flashes [11. Figure ~* illustrates the effects  of 
variation m st imulus intensi ty  and arousal level with a series 
of 8 successive averages of 50 evoked potent ia ls  obta ined 
from the same animal. In A1-A4 the ammal is un- 
anes the t ized  and in the recording chamber  sur rounded by 
mirrors.  A I shows the averaged response to maximal 
intensity flashes (No. It~ on the pho tos t imula to r ) .  A2 
shows the response to a flash 0.0625 times that of A l, and 
A3 shows the response to the same st imulus as A2, except  
the flash bulb is now 10cm from the recording chamber  
instead of flush against it. A4 is a cal ibrat ion pulse 10ms 
long and 100,uV positive. Part B of Fig. ~l repeats  the same 
series as Part A, except  15 rain before B I the animal was 
lightly anes the t ized  with an injection of  I-quithesin 
(160 mg/kg). Part (' shows the response of the anes the t ized  
animal after it has been removed from the mirror  chamber .  
Part DI shows the average of 500 responses of tile same 
animal under  condi t ions  similar to A I, recorded 60 days 
previously. 

It appears possible to account  for tile variety of 
waveforms repor ted  in the following way. In the an- 
es thet ized animal a dim flash produces  an evoked potent ia l  
character ized by a deep positive wave, fol lowed by a deep 
negative wave [1 ] .  which we have called the type I 
response.  A slightly brighter  flash produces  a small negative 
wave at the peak of  the initial positive wave, called here 
type 2. Type 2 responses can be observed following flashes 
in animals anes the t ized  with chloralose 16] or Nembuta l ,  
but in the Nembutal  anes thet ized animal the flash must be 
bright. Doty and Kimura 14] described type 2 responses to 
flashes in the decor t ica te  midpon t ine  pretr igeminal  pre- 
parat ion.  In the unanes the t ized  or lightly anes the t ized  
animal, the present results show that the negative wave 
which appears  on the positive wave may become more 
complex ,  developing one or occasionally two positive spikes 
t the  type 3 response)  if the st imulus is a very bright flash. 
ObserwHions made while animals in lhe present exper iment  
were anes thet ized during implanta t ion  of  the e lec l rodes  
confirm this analysis. 

It is appropr ia te  to compare  the present  character izat ion 
of the flash evoked potent ial  from St'  with the electric 
shock evoked potent ia l  described by Picketing and Freeman 
[~,~1. According to that analysis, St '  EP is well character ized 
as a damped  sine wave. the f requency of which depends  
upon the arousal level of the animal. The analysis is 
intriguing, because it implies thal some of the great 
variability observed in later c o m p o n e n l s  of the present 
s tudy might be accounted  for m terms ol varying fre- 
quencies  and ampl i tudes  resulting from different  arousal 
levels. I towever.  it such is the case, it seems likely that 
analysis of these later c o m p o n e n t s  will not be useful for 
studies of toxicants ,  since a me thod  for control l ing and 
moni tor ing  arousal would be necessary. On the o ther  hand. 
the relative stability of the ampl i tudes  and latencies of early 
c o m p o n e n t s  suggests thal a more complex  analysis may be 
unnecessary.  Finally, it is of  interest to point otlt thai on a 
number  of occasions the averaged evoked polent ia ls  from 
the present s ludy showed oscillations with the same period 
as N5 ex tend ing  th roughout  lhc 240 msec epoch.  l h i s  
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f inding suggests tha t  u n d e r  some c o n d i t i o n s  the sine wave 
may not  be d a m p e d  at all. 

The present  s tudy  was u n d e r t a k e n  to examine  the  
normal  super ior  col l iculus  visual evoked po ten t i a l  as a 
pre l iminary  step to examin ing  its feasibi l i ty  as an index of  
CNS sensi t ivi ty  to toxic agents .  The  e n o r m o u s  size of  the 
s t ruc tu re  gua ran tees  accessibi l i ty ,  and the large amp l i t ude  
and t empora l  s tabi l i ty  of po ten t i a l s  recorded  from it u n d e r  
cons t an t  c o n d i t i o n s  r e c o m m e n d  it as a po ten t i a l ly  useful  
tool.  Invest igators  are cau t ioned ,  however ,  tha t  the s tabi l i ty  
of  po ten t i a l s  recorded  decreases  marked ly  when  the l ight 
in tens i ty  and in t e r s t imu lus  interval  are no t  held c o n s t a n t  
from one  record ing  session to ano the r ,  and when  amp l i t ude  
compar i sons  are made  be tween  instead of  wi th in  animals .  It 
seems qui te  likely tha t  the wide in te ran imal  var iabi l i ty  in 
ampl i t udes  represen ts  small var ia t ion  in e lec t rode  place- 

men t ,  and tha t  careful  m o n i t o r i n g  of  ampl i t udes  dur ing  
e lec t rode  i m p l a n t a t i o n s  might  reduce it. When e x p e r i m e n t s  
using wi th in  subjec ts  designs are undes i rab le  such an 
app roach  might  be a t t e m p t e d .  Fu r the r ,  no t  all c o m p o n e n t s  
are equal ly  stable.  The  P1, P3 and N4 peaks have been the 
most  s table f rom trial to trial and day to day. Finally,  it 
remains  to be d e m o n s t r a t e d  that  u n d e r  careful ly  con t ro l l ed  
c o n d i t i o n s  SC" EP is in fact sensit ive to toxic agents.  

It perhaps  should  be no t ed  that  if the SC EP is found  to 
be a sensit ive index of the effects  of  toxic agents  upon  the 
CNS, it does not  necessari ly fol low that  the St'7 itself is 
sensitive. Changes  could represent  changes  at ret inal  or t ract  
loca t ions  or might  be charac te r i s t ic  of all loca t ions  wi th in  
the brain,  bu t  where the changes  occur  is init ial ly less 
i m p o r t a n t  than w h e t h e r  or not  they do occur.  
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