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In recent years two of us have investigated the neural structure of 
the visual fixation reflex in the cat (Dreher et al. 1965, Dreher and i e r -  
nicki 1969ab). In these studies we were interested in the effects of ablfa- 
tion of cortical oculomotor areas. However, available data in the loca- 
lination of these areas are not adequate. In anesthetized cats relatively 
small cortical ocu~lomotor areas were described (Gar01 1942, Shipova 1965). 
We know, however, that the oculomotor effects of cortical stimulation 
may be affected by the narcosis (Krieger et lal. 1958). Small oculomotor 
areas were also observed by Claes (1939) in the enckphale is016 cats. On 
the contrary, some data obtained in the intact freely moving cats suggest 
that the cortical oculomotor areas are very large (Fangel and Kaada 1960). 

The objective of this paper was to complete the data concerning the lo- 
calization of the oculomotor cortex in the cat. For this purpose the pre- 
trigeminal preparation was used (Batini el al. 1959, Zernicki 1968). 
A well-known drawback of this preparation is that only vertical eye 
movements are controlled by the isolated cerebrum. However, due to the 
pretrigeminal transection the pain factor is eliminated and consequently 
neither the narcosis nor local anesthesia necessary. 

METHODS 

For the main experiments 23 pretrigeminal cats were used. During stimulation 
sessions only 10 preparations were awake (as shown by the  presence of the fol- 
lowing eye movements to  the moving objects). The lack of wakefulness in 13 ani- 
mals was probably due to extensive cortex exposure (see Zernicki 1968). Additional 
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experiments were performed on 4 encephale isole cats, 7 cats under chloralose 
anesthesia (80 mglkg), and 4 cats under Nembutal anesthesia (40 mglkg). I n  the 
encephale isole cats 2010 novocaine was applied to all cut surfaces and pressure 
points, and 2, mg d-amphetamine sulphatc was administrated intravenously every 
5-6 hr. All these animals were awake during stimulation sessions. 

In all preparations a large craniotomy was performed on the right side, and 
in some animals complemented by the removal of the  right eyeball. In the pretri- 
geminal and encephale zsole cats the craniotomy preceded the transection of the 
nervous axis and both were done under short-lasting anesthesia (light ether anes- 
thesia followed by an intravenous administration of 100 mg/kg of Viadril) 2. The 
stimulation of the cortex began 2-4 hr after the surgery. In  some animals several 
stimulation sessions, with intervals ranging from 2 hr to 12 hr, were conducted 
(in some pretrigeminal cats the last session was performed on the second day). 
At the end of an experiment is some preparations (5 pretrigeminal cat, 4 cats 
under chloralose anesthesia and 3 cats under Nembutal anesthesia) t he  right he- 
misphere was partially removed, and the medial aspect of the left hemisphere 
stimulated. 

During a session the exposed cortex was surrounded with a high wall of wet 
cotton wool and moistened with warm physiological NaCl solution every 5-10 min. 
I n  the intersessional intervals the space over the cortex was covered by placing 
an additional piece of wet cotton wool on the wall. In  some preparations, however, 
the cortex was covered with warm mineral oil. With both techniques of cortex 
protection the effects of stimulation were the same. 

The cortex was stimulated bipolarly with small silver ball electrodes, 1-3 mm 
apart. The stimulus was a 2-3 sec train of square wave pulses of 1 msec duration 
delivered at a frequency of 6Olsec. The stimulating current was monitored with 
an oscilloscope. The effects of current lower than 1.5 ma were usually considered. 
Every point was stimulated a few times to establish treshold current. The intertrial 
intervals lasted at  least 1 min. During the course of an  experiment, cortical points 
were plotted on a drawing of the individual cat cortex. All the data were then 
summarized on an average cortex. 

The ocular effects of stimulation were observed by two experimenters. When 
an animals was awake, it was placed in a small compartment to isolate it from 
inadvertent stimuli, and the eyes were observed through peep holes. I n  seven 
pretrigeminal cats the movement of an eyeball was recorder by a photokymograph. 
A band of light was reflected by a small mirror, which was attached to a light 
pulley pivoting above the eye and connected with the eyeball by a thread (improve- 
ment of "mirror" technique by B. Dreher and W. Kozak, unpublished). 

RESULTS 

P r e t r i g e m i n a l  cats 

In all preparations three large oculomotor areas were found which 
will be referred to as the occipital area, the occip i to-par ie ta l  are's and the 
frontal area (Fig. 1). However, on the medial aspect of the hemisphere, 
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and in some preparations also on the lateral aspect, the occipital and 
occipito-parietal areas created one oculomotor complex. It is worth noting 
that the unresponsive region between the occipital and occipito-parietal 
areas corresponds to the cortical projection of the central meridian of 
visual field (see Talbot and Marshall 1941). In the majority of prepara- 
tions within the oculomotor areas some unresponsive points were dis- 
persed. The frequent close vicinity of the responsive and unresponsive 
points suggest that under our experimental conditions the role of spread- 
ing of current was moderate. Surprisingly, the extent of the oculo- 
motor areas and the treshold current (see below) were similar in the 
awake and unawake preparations. 

The stimul'ation of all areas produced conjugate deviations of eyes 
but with a low current the movements were occasionally observed ex- 
clusively in the contralater'al side. Stimulation of the lower part of the 
marginal gyrus in the occipital area evoked upward movements, while 
the stimulation of the upper part of the marginal gyrus in  the occipital 
area, the marginal gyrus in the occipito-parietal area, and the splenial 
gyrus evoked downward movements (Fig. 1). The presence of the down- 
ward deviations from the occipital oculomotor area (to which there 
is projection from the upper part of the visual field, Talbot and Marshall 
1941) may be due to some upward inclination of visual axis in the pre- 
trigeminal cab during position of rest (Zernicki and Dreher 1965) 3.  The 
stimulation of the suprasylvian and ectosylvian gyri induced upward 
movements. On the other hand, the stimulation of the frontal area usu- 
ally evoked downward movements. In the frontal area the movements 
in the vertical plane were occasionally accompanied by convergence 
movements. In addition, the eye deviations (particularly those from oc- 
cipito-parietal and frontal areas) were frequently accompanied by a small 
pupillary dilatation. 

The values of treshold current for eye deviations varied considerably 
for different stimulation points, but they were similar for downward 
and upward movements and the means from larger areas were also 
similar (Table I). The preliminary data for latent period, amplitude and 
speed of movements were calculated from seven cats in which the eye 
movements were recorded by photokymograph (Table I). Again the range 
of scores for the movements induced from different points was large, 
but the mean values for larger areas seemed to be similar with the ex- 
ception that the latent period for the movements induced from the supra- 
sylvian gyrus in the occipitmo-parietal area was smaller. I t  may be noted 

Such wpward inclination of visual axis is also observed in the cat under 
flaxedil (Bishop et al. 1962). 
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Fig. 1. Cortical oculomotor areas in the pretrigeminal cat. For the lateral aspect 
of the hemisphe're the data from 23 cats are summarized and for the medial aspect 
the data from 5 cats. All illustrative records are taken from one preparation. The 

stimulation is marked with a heavy line 

that from this area the a'bumdant projection to the efferent layers of 
superior colliculi was described (Sprague 1963). In some movements quick 
and slow phases could be distinguished, the quick phase being usually 
the first one. After the stimulation (particularly of the marginal gyrus) 
the deviations of eyes were occasionally maintained for several seconds. 
When the stimulation of a given point was repeated a few times (with 
intervals of a t  least 1 min) the character of a movement was preserved. 

Additional experiments 
In the encdphale isold cats and in the cats under chloralose anesthesia 

the occipital, occipito-parietal and frontal oculomotor areas were also 
distinguished and their extent was similar to that in the pretrigeminal 
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Table I 

Characteristics of movements induced from the lateral aspect of the hemisphere in the pretrige- 
minal cata 

a The data for latent period, amplitude and speed of movements are only from seven cats and have preliminary cha- 
racter. For these data the movements induced by a current approximately 50% higher than the treshold value were 
considered. When the speed of a given movement varied, several independent measurements were made. 

Area and gyrus 

Occipital 
marginal 
suprasylvian 

Occipito-parietal 
marginal 
suprasylvian 

Frontal 

preparations (Fig. 2). In addition, the stimulation of most cortical points 
induced eye movements in the vertical plane and the distribution of 
downward and upward movements wlas similar to that in the pretrige- 
minal cats. However, the threshold currents were somewhat higher and 
latent pe r id s  seemed to be longer. In the preparations under chloralose 
anesthesia the eye movements induced by stimulation of the ainterior part 
of the frontal area were [accompanied by movements of legs and ears, 
and by body jerks. 

On the other hand, in the cats under Nembutal anesthesia only occi- 
pital and frontal oculomotor areas were present, and the former was 
present only on the lateral aspect of the hemisphere (Fig. 2). However, 
when with time the anesthesia was considerably lowered the occipito- 
parietal area could be also found. In addition, in contrast to the prepa- 
rations described so far the m~ajority of movements (about 60°/o) were in 
the horizontal plane. Most of them were conjugate, directed towards the 
contralateral side. 

DISCUSSION 

In our data the extent of the cortical oculomotor areas was similar 
in the awake pretrigeminal clats, unawake (but not deteriorated) pretri- 
geminal cats, enckphale isole cats and the cats under chloralose anesthe- 
sia. This similarity suggests two conclusions: (i) The pretrigeminal tran- 
section (followed by the absence of the horizontal eye movements) does 

Threshold current 
(in ma) 

mean range 

0.8 
0.8 

0.9 
0.6 

0.9 

Latent period 
(in msec) 

mean 1 range 

0.5-1.0 
0.3-1.0 

0.5-1.0 
0.2-1.0 

0 . 6 1 . 0  
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30 
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Amplitude 
(in deg) - -  

mean / range 

7.8 
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(in deg/sec) 

mean 1 range 

1 . 6 2 0 . 0  
0 . 6 1 5 . 8  
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1.3-10.4 

0.8-11.3 

3.7 
6.2 

-. 

4.0 
4.7 

3.6 

0 .G15 .2  
0 .G33 .0  

0.3-28.7 
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0.4-12.2 



Under Ch/ora/ose 

Under Nembu fa/ 

Fig. 2. The comparison of the extent of the cortical oculamotor areas in the pre- 
trigeminal cats, the cats under chloralose anesthesia and the cats under Nembutal 

anesthesia 
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not change considerably the extent of the oculomotor areas. (ii) The lack 
of wakefulness does not affect considerably the oculomotor effects of 
cortical stimulation. Because we know that in unawake animal the fixa- 
tion reflex and the "voluntary" eye movements are absent, i t  may be 
supposed that the stimulation of any part of the oculomotor cortex does 
not imitate the action of an external stimulus. In other words, such sti- 
mulation rather puts in operation an efferent part of the oculomotor 
system. 

From a functional point of view the oculomotor cortex in the cat 
may be divided in three parts: (i) primary visual cortex, (ii) associative 
cortex (main part of suprasylvian gyrus) and (iii) premotor cortex (fron- 
tal area). 

1. The facts that stimulation of the visual cortex induces eye move- 
ments and that the direction of such movements is related to the visu- 
al field projection are well known. There is also satisfactory evidence 
that the visual cortex is the link for the fixation reflex (see Dreher and 
Zernicki 1969b). 

2. As we know, non-visual stimuli contribute in evoking eye mo- 
vements. An eye movement is often initiated by a non-visual stimulus 
and when the image of the sound emitting object appears on the retina 
the fixation reflex occurs. Obviously there must be a close collaboration 
between the non-visual and visual stimuli in the process of eye directing 
toward a target. We may speculate that the associative cortex from which 
the eye movements are induced is involved in the mechanism of such col- 
laboration. This hypothesis is supported by the known fact that in the 
suprasylvian gyrus the non-primary evoked responses to visual, auditory 
and somatic stimuli are present (see Buser and Bignall 1967). 

3. There is some evidence that the frontal oculomotor area is im- 
portant for voluntary eye movements and for inhibition of the fixation 
reflex (see Dreher and Zernicki 1969ab). Present data show that in the 
cat this area is large, overlapping with the areas for head and forelegs 
(see Woolsey 1958). Similar overlapping is present in the monkey (Wag- 
man 1964) but not in man. In the freely moving cat the isolated eye 
movements seem to appear rarely, being usually associated with the 
movements of head and foreleg, and possibly this association is mani- 
fested in the premotor cortex organization. 

Finally, the considerable diminution of the oculomotor cortex under 
Nembutal narcosis should be commented upon. We may suppose that 
some oculomotor responses are mediated via brain stem reticular for- 
mation, and they are lost during barbiturate anesthesia. Such a hypo- 
thesis is supported by the usual presence of the pupillary dilatation during 
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oculomotor responses. Howev.er, in the experiments of Kaada and Johsan- 
nessen (1960) and Fangel and Kaada (11960) the distribution of the points 
eliciting the ECoG arousal in  the 'anesthetized cats and the "attention" 
behavior in awake ones was different than the distribution of the oculo- 
motor responses in our experiments. 

SUMMARY 

1. In the pretrigeminal cat three large cortical oculomotor areas were 
described and referred to as occipital, occipito-parietal and frontal. From 
a functional point of view the oculomotor cortex was divided into visulal, 
associative and premotor. 

2. Additional experiments were performed in enckphale isolk cats, in  
cats under chloralose anesthesia, and in cats under Nembutal anesthesia. 
In the enckphale is016 and chloralose cats the extent of the oculomotor 
cortex was similar to that in  the pretrigeminal cats, but in the Nembutal 
cats it was much smaller. 
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