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BIGLER, E. D., D. E. FLEMING AND D. E. SHEARER. Metrazol potentiated after-discharges: dose-response relationships 
and effects of selective lesions. PHARMAC. BIOCHEM. BEHAV. 5(4) 423-429,  1976. - In Experiment 1 
the dose-response effects of pentylenetetrazol (Metrazol) on photically evoked after-discharge (PhAD) parameters were 
examined. Metrazol potentiated PhAD activity by affecting all measured parameters - P h A D  frequency, amplitude, burst 
duration and spindle composition - in particular PhAD burst duration and spindle composition. A minimum effective dose 
of 10 mg/Kg of Metrazol was required for some statistically reliable potentiation. Metrazol dosage levels of 20 and 25 
mg/Kg induced lengthy bouts of EEG spindling and spiking as well as near maximized PhAD component augmentation. In 
Experiment 2 stereotaxically oriented knife-cuts isolated the thalamus from cortical and/or midbrain and brainstem input. 
Such lesions did not block the capacity of Metrazol to potentiate PhADs, although the lesions altered evoked activity. 
These findings are discussed in terms of the current thought of Metrazol action and thalamic mechanisms in the control of 
after-discharge activity. 

Metrazol Photically evoked after-discharge Dose-response effects Lesions Thalamus 

A R E P E A T E D  obse rva t ion  in our  l abora tor ies  [ 2 - 4 ,  11, 
20 ] ,  as well  as o thers  [16 ,25]  has  been  tha t  p e n t y l e n e t e t -  
razol  (Met razo l )  and  its derivat ives re l iably  a u g m e n t  the  
phot ica l ly  evoked  af ter-discharge ( P h A D )  in the  rat .  These  
f indings  t'.ave es tab l i shed  the  PhAD response  as an effect ive 
mode l  in the  s tudy  of convu l san t  and  an t i convu l san t  ac t ion .  
For  the  p resen t  expe r imen t s ,  in t e rms  of the  Metrazol  
p o t e n t i a t e d  PhAD,  we wan ted  to clarify two  po in t s :  (a) 
E x p e r i m e n t  1 - the  dose- response  effects  of Metrazol  on 
specific P h A D  c o m p o n e n t s ,  an aspect  no t  sys temat ica l ly  
examined  in previous  research,  and  (b)  E x p e r i m e n t  2 - the  
effects  of  selective lesions on  the  capaci ty  of  Met razo l  to  
p o t e n t i a t e  PhAD burs t ing .  

EXPERIMENT 1 

Method 

Animals and surgery. Twelve male  H o l t z m a n  a lb ino rats  
be tween  the  ages of 9 0 - 1 2 0  days at  the  start  of the  
inves t iga t ion  were anes the t i zed  w i th  p e n t o b a r b i t a l  sod ium 
(45 mg/kg)  and  surgically p repa red  wi th  indwel l ing extra-  
dural  stainless steel  e lec t rodes  i m p l a n t e d  over the  r ight  and 
left visual cor t ices  at  a po in t  7 m m  pos te r io r  to  the  b regma 
and 3 m m  lateral  to  the  midl ine .  Elec t rodes  were also 
placed in the  calvar ium over the  ce rebe l lum and f ron ta l  
sinus for  re fe rence  and  grounding ,  respect ively.  Seven days 
of recovery were al lowed pr ior  to  in i t i a t ion  of the  drug 
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t rea tment  sessions. All exper imental  procedures were 
carried out  on awake animals with mydriat ic  pupils (1% 
opthalmic atropine sulfate). 

Apparatus. A Grass Model  PS2C photos t imula to r  was 
used to present 10 usec light pulses to a reflecting 
hemicylinder.  The hemicyl inder  was placed in front  of a 
hammock  in which the animal was held under light 
restraint. With the pho tos t imula to r  lamp placed 70 cm 
behind and slightly above the hemicyl inder ,  the illu- 
minat ion of  the reflecting surface was approximate ly  5 ft-c. 
Brain responses were amplif ied with Grass 7P5A pre- 
amplifiers and Model  7 Polygraph amplifiers (bandwidth,  
0.3 Hz-3KHz; t ime constant ,  0.24) and ink wri t ten records 
were obtained.  

Procedure. Stabilized PhADs in terms of reliable elic- 
i ta t ion rates and consistent waveforms develop when the 
awake non-anesthet ized animal has been well accl imated to 
being restrained and the presentat ion of iterative photic  
stimuli [5] .  Accordingly,  each animal was taken through 
several short- term habi tuat ion sessions to insure that AD 
activity was occurring at a reliable and stable rate. There 
were 6 separate drug condit ions which consisted of a 
normal saline control  and five dosage levels of  Metrazol (5, 
10, 15, 20 and 25 mg/kg). Only one drug t rea tment  
condi t ion was given on a single day and at least 5 days 
separated subsequent  drug sessions. The drugs were injected 
IP in equal vo lume amounts  according to an individualized 
random schedule. The exper imenta l  procedures  were 
carried out in the fol lowing manner:  a rat was placed in the 
restraining hammock  and allowed to dark adapt for 15 min 
after which time phot ic  s t imulat ion was initiated at a rate 
of 1/7 sec for a period of 5 rain at which t ime the next 25 
visually evoked responses (VERs)  were recorded for 
purposes of data analysis. PhAD activity at this point  has 
been repeatedly demonst ra ted  to possess uniform and 
stabilized patterns and hence provides the best measure for 
comparat ive purposes. When recording of this block of  25 
responses had been completed,  phot ic  st imulation was 
interrupted and a drug t rea tment  given. Photic  s t imulat ion 
was then resumed and at a period of 8 min post inject ion 
another  block of 25 VERs was recorded for analysis 
purposes. EEG was cont inuously  recorded for the duration 
of the exper iment .  

Data analysis. Although VERs were recorded from both 
hemispheres only those in the right visual cortex were 
utilized for data analysis. The modula t ion  of PhAD 
waveform was determined by 4 representative measures: (a) 
the percentage occurrence rate of PhAD activity for each 
block of 25 responses recorded,  with a scoreable PhAD 
consisting of a min imum of two distinct sinusoidal waves 
developing in t ime after the late negative componen t  of the 
VER (see [2 ,5] ) ,  (b) the number  of spindle-like waves per 
the largest PhAD burst, (c) the peak-to-peak ampli tude (in 
uV) of the largest wave componen t  of  PhAD activity and 
(d) the longest burst durat ion (in msec) of PhAD activity. 
Cortical EEG was also examined in terms of the following: 
(a) incidence of spontaneous spindles, (b) f requency and 
ampli tude of spontaneous spindles, (c) changes in the 
ampli tude and rhy thmic i ty  of cortical  EEG activity, and (d) 
the incidence of cortical spiking. The subjects were also 
observed for overt  signs of seizure activity. 

The data were analyzed by several statistical techniques.  
Pre- and postdrug comparisons for each separate and 
individual t rea tment  were carried out with t-test analysis. 
For  comparisons across t reatments ,  pre- and postdrug 

condi t ions  were subjected separately to analysis of variance 
with repeated measures tests (see [26] ). Where the resulting 
F-score indicated statistical significance, Newman-Keuls  
tests (see [26] ) were incorporated for t rea tment  mean pair 
comparisons. 

Results and Discussion 

The results are summarized in Figs. 1, 2 and 3. While 
Metrazol increased the f requency of PhAD occurrence 
during the various postMetrazol  condit ions,  the degree of 
enhancement  as compared to postsaline control  values did 
not  reach a significant level, F(5,55)  = 2.00, p>0.01.  
Individual analysis be tween  separate pre- and postdrug 
measures can be made by inspect ion of Fig. 1. 

Results of  Newman-Keuls  tests, based on a reliable 
analysis of variance, F(5,55)  = 7.81, p<0 .01 ,  indicated that  
the mean number  of spindles per largest PhAD during 
postdrug condi t ions  was significantly increased at dosage 
levels of 15, 20 and 25 mg/kg as compared to saline and 5 
mg/kg levels. Individual analysis of the separate drug levels 
(see Fig. 1) indicated that postMetrazol  mean spindles per 
largest PhAD could be reliably different iated from predrug 
measures during the 15 mg/kg (t = 2.09, d r =  22, p<0.01) ,  
20 mg/kg (t -- 3.12, d /  = 22, p<0 .01 )  and 25 mg/kg (t = 
2.06, df  = 22, p < 0 . 0 l )  t rea tment  levles. The effect  of 
Metrazol on spindle composi t ion  was to increment  spindle 
f requency not  in a dose-response fashion, but rather to 
enhance f requency by a mean constant  factor of approx- 
imately four  waves above predrug baseline measures (see 
Fig. 1 and Fig. 2A). 

In terms of postMetrazol  effects on mean peak-to-peak 
ampli tude of the largest spindle componen t ,  Newman-Keuls  
tests, based on a reliable analysis of variance score, F(5,55)  
= 8.78, p<0 .01 ,  indicated that the dose levels of 15, 20 and 
25 mg/kg could be statistically separated from the dosage 
levels of 5 mg/kg and saline control.  Individual analysis of 
the separate drug levels can be made by inspection of Fig. 
1. Metrazol affected peak-to-peak ampli tude in an in- 
cremental  dose-response fashion irrespective of the baseline 
control values. 

With respect to postMetrazol  effects on mean PhAD 
duration per largest burst, Newman-Keuls  tests, based on a 
reliable analysis of variance score, F(5,55) = 9.79, p< 0.01, 
revealed that the 10, 15, 20 and 25 mg/kg leve l s  could be 
statistically different iated from post-saline values. In 
addition, the 15, 20 and 25 mg/kg levels could be reliably 
distinguished from the 5 and 10 mg/kg levels. Individual 
analysis (see Fig. 1) of  the separate drug levels indicated 
that the 10 mg/kg (t = 2.31, a~(= 22, p<0 .05) ,  15 mg/kg (t 
= 2.66, d f  = 22, p<0 .01) ,  20 mg/kg, (t = 4.29, d / =  22, 
p<O.01) and 25 mg/kg (t = 3.69, d r =  22, p<0 .01 )  could be 
reliably separated from their respective pre-Metrazol base- 
line controls.  Metrazol affected burst durat ion in a manner 
similar to that observed with the spindle componen t  
burst durat ion was enhanced by a mean constant  factor  
(approximate ly  800 msec) wi th  respect to preMetrazol 
measures. 

In terms of cortical EEG activity, Metrazol did not  
systematically alter cortical  act ivi ty at the 5 and 10 mg/kg 
levels. At 15 mg/kg and above (see Fig. 3) Metrazol induced 
a t ime-locked effect  of  the development  of a low ampli tude 
synchronous rhy thm which preceded the development  of 
large ampli tude spindling. At 20 and 25 mg/kg levels, this 
large ampli tude spindling was fol lowed in most subjects by 
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FIG. 1. Effects of Metrazol on PhAD parameters. Mean and (+) standard error of the mean values are presented. Broken lines = predrug; solid 
lines = postdrug. 

the: d e v e l o p m e n t  of spiking act iv i ty  at  a b o u t  3 m in  
pos t in j ec t ion  (see Fig. 3). In Fig. 2B it is seen t ha t  Metrazol  
induced  spindl ing or spiking does no t  p rec lude  PhAD 
e labora t ion .  Po in t  in fact ,  Met razo l  induced  spindl ing has  a 
similar amp l i t ude  (at  25 mg/kg,  Met razo l  induced  spindles  
have a mean  a m p l i t u d e  of  64.0  ~V,  PhAD spindle  am- 
p l i tude  at this  dosage level was 61.0  ~V)  and f r e q u e n c y  
5 7 Hz) as t ha t  of PhAD burs t ing.  The  low ampl i t ude  
s y n c h r o n o u s  p a t t e r n  i nduced  by  Met razo l  wh ich  preceded  
Metrazol  i nduced  spindl ing was found  to be at  var iance  
wi th  PhAD e l ic i ta t ion  (see Fig. 2B). This  type  of  cor t ical  
pa t t e rn  has been  cons idered  to be a b y - p r o d u c t  of  
l imbic-d iencepha l ic  arousal  wh ich  b locks  PhAD e l abo ra t i on  
[ l O l .  

E X P E R I M E N T  2 

The visual cor t ical  PhAD is a p r o d u c t  of  discharge 
s y n c h r o n i z a t i o n  in dorsal  lateral  genicula te  n e u r o n s  ( d L G N )  
which  fo rm the  geniculo-s t r ia te  p ro jec t ions  [2 ] .  While 

Met razo l  induces  a h y p e r s y n c h r o n i z a t i o n  in these genic- 
u la te  neu rons  [ 2 , 4 ] ,  we have no t  d e t e r m i n e d  whe the r  this  
effect  is s t r ic t ly  a tha lamic  event  or d e p e n d e n t  u p o n  
exist ing reciprocal  connec t i ons  be tween  t ha l amus  and 
cor tex  or t ha l amus  and midb ra in  or b ra ins tem.  Several 
r epor t s  have d e m o n s t r a t e d  the  role of n o n t h a l a m i c  s truc-  
tures in Met razo l  i nduced  seizures [1, 23, 27 ] .  In the  
fo l lowing expe r imen t s  we selectively e l imina ted  i npu t  to  
the  t ha l amus  while a t t e m p t i n g  PhAD a u g m e n t a t i o n  by  
Metrazol .  

M e t h o d  

Expe r imen t s  were p e r f o r m e d  on b o t h  h o o d e d  and  a lb ino  
rats  anes the t i zed  wi th  u r e thane  (2 g/kg). There  are s t ra in  
de t e rmined  di f ferences  in PhAD pa t t e rns  be twe en  a lb ino 
and h o o d e d  rats  bu t  in b o t h  s t ra ins  PhADs  are readi ly  
elicited and  a u g m e n t e d  by Met razo l  [12] .  In the  fo l lowing 
expe r imen t s  we were pr imar i ly  conce rned  wi th  quan t i t a t ive  
changes in the  abi l i ty  of  Metrazol  to  augmen t  PhAD 
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FIG. 2. (A) Comparison of (1) pre-Metrazol PhAD activity with (2) 
post-Metrazol (20 mg/kg) potentiated PhADs. An upward deflection 
in the line beneath the EEG tracings, and in all subsequent tracings, 
represents the presentation of the flash stimulus. (B) (1) PhAD 
activity during Metrazol induced (25 mg/kg) EEG spiking. (Note the 
similar amplitudes between PhAD spindles and EEG spiking), (2) 
PhAD activity with spontaneous spindling preceding the second 
PhAD burst. Note the similarities between spontaneous spindling 
and PhAD activity, (3) suppression of PhAD activity during low 
amplitude electrocortical rhythmical activity (calibrations, 50 #V; 1 

sec, in this and following in Figures unless noted). 

activity fo l lowing selective bra in  lesions and not  wi th  
exist ing species-specific d i f ferences  in PhAD pat terns .  
Animals  were secured in a s te reo tax ic  f r ame  wi th  the  head  
being pos i t ioned  to con fo rm to the  atlas of Sk inner  [21 ] .  
VERs were r ecorded  f rom the  r ight  visual cor tex  via silver 
ball e lec t rodes  placed on  the  over lying dura  (7 m m  
pos te r io r  to  the  bregma,  3 m m  lateral  to  the  midl ine) .  
Phot ic  pulse s t imu la t ion  was p roduced  by  a S t robo tac  un i t  
(Model No. 1531,  set at m a x i m u m  in tens i ty )  and guided by 
a f iber  opt ic  bundle ,  the  rad ia t ing  end of which  was 
pos i t ioned  wi th in  5 m m  of the left eye. Pho t ic  pulse 
s t imula t ion  was in i t ia ted  and after  5 min  of i terat ive 
s t imula t ion  at a f r equency  of 1/7 sec a b lock  of 25 VERs 
was averaged onl ine over a 750  msec epoch  wi th  a 
P r ince ton  Appl ied  Waveform E duc t o r  (mode l  TDH-9).  The 
tha lamus  was then isolated by s te reotaxica l ly  o r ien ted  
t r ansec t ions  (knife-cuts)  of the  f ronta l  cor tex  ( 1 - 3  mm 
an te r io r  to b regma)  or at  midbra in  and  b ra ins t em levels 

(5 12 m m  pos te r ior  to bregma).  Care was t aken  to avoid 
damage to re t ino-genicu la te  pa thways  a n d / o r  visual cort ical  
areas. Once lesioned,  pho t i c  s t imu la t ion  was resumed and  
after  5 rain a n o t h e r  b lock  of 25 VERs was averaged. Phot ic  
s t imu la t ion  was then  d i scon t inued  and  the animals  in jected 
wi th  1 0 - 4 0  mg/kg of Metrazol .  Pho t ic  s t imu la t ion  was 
t hen  re sumed  and  af ter  10 min a th i rd  block of 25 VERs  
was averaged. Subsequen t  to these  p rocedures  the  animal  
was sacrif iced by an in t racardia l  per fus ion  of  KC1 and the  
brain ex t rac ted  for his tological  purposes .  The data were 
compared  in t e rms  of  Metrazol  induced  changes in averaged 
VERs wi th  reference  to PhAD act ivi ty.  

For  cort ical  ab la t ions  of the  str iate area, since the  na tu re  
of the  lesion precludes  cort ical  record ing  of PhADs,  uni t  
and mul t ip le  un i t  record ing  of dLGN was uti l ized.  Using 
asp i ra t ion  t echn iques  ipsilateral  cort ical  ab la t ions  were 
pe r fo rmed  which  inc luded all of area 17 and mos t  or all of  
areas 18 and 18a. Fo l lowing  ab la t ion  a glass microelect rOde 
filled wi th  3 Molar KC1 (DC resis tance range in saline of  
0.5 2.0 meg ~ )  was lowered to the  r ight  dLGN,  by  a 
r emo te ly  con t ro l l ed  microdr ive ,  unt i l  a uni t  could be 
isolated. All uni ts  examined  were lateral  genicula te  
pr incipal  (P) cells which  pace the  cor t ical  PhAD response  
[2 ,4 ] .  These cells were ident i f ied  by  thei r  response  pa t t e rn  
to a n t i d r o m i c  s t imu la t ion  (see [3, 4, 6 ] ) .  Since in these 
p repara t ions  a pre les ion con t ro l  could no t  be taken ,  cont ro l  
consis ted of a preMetrazol  pos t ab l a t i on  per iod wi th  pho t ic  
s t imula t ion  pa ramete r s  ident ical  to those  specified above.  
Fol lowing the  con t ro l  record,  10--40 mg/kg of Metrazol  
was injected,  pho t i c  s t imu la t ion  was resumed and af ter  10 
min evoked P cell act ivi ty  was examined  for  af terdischarge  
p o t e n t i a t i o n  by  Metrazol .  Data  were also recorded  on 
magnet ic  tape for delayed data  analysis (see [2 4] ). At  the 
end of e x p e r i m e n t a t i o n  the animals  were t e r m i n a t e d  as 
described above  and the brains  ex t rac ted  for histological  
examina t ion .  

Resul ts  and  Discussion 

The results  are summar ized  in Fig. 3 and  d e m o n s t r a t e  
tha t  the  various brain  t r ansec t ions  al tered VER com- 
ponen ts ,  bu t  cort ical  PhADs could still be el ici ted and 
augmen ted  in the  pos t l es ion+Met razo l  cond i t ions .  In t e rms  
of cort ical  abla t ions ,  it was d e m o n s t r a t e d  tha t  cor t ico-  
geniculate  connec t i ons  were not  essential  for  the aug- 
m e n t a t i o n  of P cell af ter-discharges by  Metrazol .  These 
results  ind ica te  tha t  Metrazol  a u g m e n t e d  cort ical  PhADs  are 
a local p r o d u c t  of tha lamic  mechan isms .  While f ron ta l ,  
cort ical  and  mesencepha l ic  regions all unequivoca l ly  mod-  
ulate visual sys tem act ivi ty  [6, 7, 13, 16] ,  these regions are 
apparen t ly  no t  essential  for the Metrazol  p o t e n t i a t i o n  of 
PhAD burst ing.  However,  Metrazol  does affect  these  areas 
(see [ 1 9 , 2 3 ] )  and such effects  are l ikely addi t ive to  the  
in t r a tha lamic  ones in te rms of PhAD augmen ta t i on .  

G E N E R A L  DISCUSSION 

Metrazol  p o t e n t i a t e d  PhAD act ivi ty by  affect ing a 
variety of  in te r re la ted  PhAD parameters ,  in par t icular ,  burs t  
du ra t ion  and spindle wave compos i t i on  of the  burst .  
Metrazol  had  similar effects  on visual cort ical  EEG spindles. 
The fo l lowing dose related effects  could be d o c u m e n t e d :  
(a) a dose of 10 mg/kg was the  required m i n i m u m  for  the 
induc t ion  of rel iable a u g m e n t a t i o n  in some pa ramete r s  of 
PhAD act ivi ty ,  (b)  a dose of 20 mg/kg  p roduced  m a x i m u m  
p o t e n t i a t i o n  of all PhAD pa rame te r s  along wi th  inducing 
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FIG. 3. Segments of visual cortical EEG activity during the first 3 min following a 20 mg/kg (A) and 25 mg/kg (B) dose of Metrazol. The 
numbers on the left border indicate the number of minutes postinjection during which recording took place. Two different animals are 

represented in A and B, respectively, 

lengthy spindle activity and some seizure spiking, and (c) a 
dose of 25 mg/kg was required for maximum PhAD 
augmentation with extensive overt seizure activity, both 
behaviorally and electrophysiologically. With respect to 
PhAD bursting, these Metrazol effects were localized at the 
thalamic level. 

Although much of the activity in the visual cortex is a 
direct product of lateral geniculate P cell input, it appears 
that the mechanism subserving Metrazol potentiation of 
cortical PhAD bursting has a locus in addition to the lateral 
geniculate (see [4]). Accordingly, the thalamic reticular 
nucleus (nR) has been shown to be the source of inhibitory 
input required for the development of evoked synchronous 
and repetitive discharges in lateral geniculate P cells [22]. 
Such evoked discharges in lateral geniculate P cells drive the 
cortical PhAD response [2]. The nR has long been 
suspected as a major control center in thalamic and cortical 
synchrony (see [ 15,24]. Similarly, rostral thalamic areas 
including nR have been implicated as central to Metrazol 
induced spindling and seizures [9].  Taken together, this 
evidence strongly suggests the crucial role of nR in PhAD 
bursting and its augmentation by Metrazol. It is also very 
likely that nR plays the central role in Metrazol induced 

EEG spindling and spiking in the visual cortex and that this 
would represent the communality between visual cortical 
PhAD activity and visual cortical EEG spindling and 
spiking. 

Although the initial burst in P cell activity is strictly a 
result of retinal input [6],  the subsequent repetitive 
bursting, as alluded to above, is a result of rebound 
excitation within a synergistic recurrent inhibitory system 
[2 -4 ,  6].  Metrazol has been demonstrated to facilitate 
rebound excitation [8].  Thus, we submit that Metrazol 
potentiates PhAD bursting via a facilitatory predisposition 
of rebound excitation, this being localized at the dien- 
cephalic level. Similar actions likely control the Metrazol 
induced visual cortical spindling and spiking. The present 
results of thalamic control over visual cortical PhADs are in 
agreement with other experimental epilepsy models demon- 
strating similar diencephalic mechanisms in control of 
cortical after-discharge activity [ 14, 18, 19 ]. 
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FIG. 4. Representative effects of  brain transections on Metrazol capacity to potentiate  
PhADs. A, C, and D represent averaged VERs (750 msec duration,  calibration: 20 uV) 
during the  following conditions:  (1) prelesion control, (2) postlesion, preMetrazol and 
(3) postlesion and Metrazol. B is a photograph (5 sweeps, oscilloscope tracings) o f  lateral 
geniculate P cell activity during (1) postvisual cortical ablation, preMetrazol and (2) 
postvisual cortical ablation, postMetrazol. The details o f  the surgical techniques are as 
follows: A Frontal  transections were performed by first opening the skull in a 1 m m  
strip bilaterally, 1 - 3  m m  anterior to bregma extending 1 m m  from midline to the outer  
skull crest. A scalpel-mounted No. 11 surgical blade was attached to a standard 
stereotaxic carrier, with the angle o f  the  carrier arm being positioned at 20 °. The blade 
was then lowered approximately 6.5 m m  from brain surface at a point 1 m m  lateral to 
the midline. The blade was then moved to the lateral extent  of  the skull opening, at 
which point the angle was returned to the 0 ° posit ion and the blade moved laterally back 
across to the medial extent  of  the skull opening. The above procedures were repeated on 
the contralateral side. B - The skull overlying the right posterior neocortex was removed 
and the overlying visual cortex aspirated. The area directly over the LGN was filled with 
agar with the remaining exposed tissue being bathed in mineral oil and covered with a 
saturated gauge strip to prevent tissue drying. C and D - At the left lateral aspect o f  the 
skull a large opening was made which exposed the  posterior neocortex and anterior 
aspect of  the cerebellum. Knife cuts above, between or below the colliculi were done 
with either a stereotaxically moun ted  blade (as described above) or by hand-held scalpel. 
In bo th  cases the orientat ion o f  the blade was done by  visual inspection o f  the landmarks 
(i.e. colliculi) following the gentle lifting of  the left occipital pole by a laboratory 
spatula. Some difficulty was encountered with excessive bleeding in these preparations. 

Such exper iments  were eliminated from data analysis. 
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