
Abolition of Optokinetic Nystagmus in the Cat 

Abstract. Combining a behavioral and a surgical manipulation, namely complet 
visual deprivation with surgical section of the optic chiasm, results in the abolition o 
optokinetic nystagmus in the cat. This basic optomotor reflex remains relativel 
unaffected by either of these manipulations performed singly. 

Most movements of the eyes are made 
not in order to look at objects in the 
world, but to compensate for motion of 
the visual world caused by the orga- 
nism's own movement (1). The visual re- 
sponse by which an image is stabilized 
on the retinas is called the optokinetic re- 
flex and its properties are surprisingly 
similar in animals as diverse as crab, cat, 
and human (2). We have measured op- 
tokinetic responses in the cat and now 
report that combining two manipulations 
abolishes the optokinetic response to vi- 
sual stimuli. Either of these manipula- 
tions alone has relatively small effects on 
the response. The manipulations are to- 
tal visual deprivation starting near birth 
and surgical section of the optic chiasm, 
which severs direct connections from the 
eye to the opposite side of the brain. The 
results will be discussed in terms of the 
physiology of the nucleus of the optic 
tract. 

We measured optokinetic responses 
by placing the cat in the center of a rotat- 
ing striped drum which filled most of the 
visual field. The cat's head was fixed to a 
stereotaxic frame with previously im- 
planted tubes, and eye movements were 
recorded through the use of a magnetic 
search coil technique (3). When the drum 
is rotated around a normal cat, a charac- 
teristic pattern of eye movement is ob- 
served. This is called optokinetic nys- 
tagmus (OKN) and has a time course 
resembling a sawtooth. In normal cats, 
the velocity of the slow phase of OKN 
matches the velocity of the moving 
stripes rather well (4). We compared 
optokinetic responses of (i) normal cats, 
(ii) dark-reared cats, (iii) normally reared 
cats in which the optic chiasm had been 
surgically sectioned, and (iv) dark- 
reared cats in which the chiasm has 
also been sectioned (5). 

The binocular optokinetic responses 
to stripes moving with different veloci- 
ties around the animals are shown in Fig. 
1. The responses to movement in both 
directions have been combined. For nor- 
mal cats, the gain indicated nearly per- 
fect image stabilization over most of the 
velocity range. In both the dark-reared 
and the split-chiasm groups, responses 
were vigorous at low velocities, but sta- 
bilization became progressively worse at 
higher velocities. Surgical section of the 
optic chiasm in cats also reared in the 
dark caused much more severe effects 
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than those found with either manipulk 
tion alone. The effect of sectioning th 
optic chiasm is to remove retinal input t 
the opposite side of the brain while lea) 
ing uncrossed retinal pathways intaci 
Thus, the results suggest that in norms 
cats crossed or uncrossed visual pati 
ways are sufficient to sustain OKN. Th 
dark-reared cat appears to use exclusive 
ly crossed pathways for this response 
thus increasing its vulnerability to opti 
chiasm section. 

The experiments illustrated in Fig. 
were all performed under binocul 
viewing conditions. Experiments wit 
monocularly presented stimuli (Fig. 
suggest the set of pathways illustrated i 
Fig. 3 as those underlying horizonti 
nystagmus in the cat. 

Interpretation of the effects of the var 
ous surgical and deprivation condition 
on monocularly elicited OKN is con 
plicated by the finding that monocularl 
viewed stimuli moving medially (for e- 
ample, rightward when viewed throug 
the left eye) are more effective than ar 
laterally directed stimuli even in norms 
cats (6). The preference for mediall 
over laterally directed stimuli is re 
versed, however, in the animals in whic 
the optic chiasm has been sectioned. I 
these animals, the response to later; 
movement is reduced only marginall 
from normal, while that to medially d 
rected stimuli is very weak above th 
lowest stimulus velocities. 

Conversely, medially directed optok 
netic responses are less affected than la 
erally directed responses in the darl 
reared cat (7). While medial response 

are certainly depressed especially with 
high drum velocities, these animals re- 

e spond only weakly to a drum moving lat- 
)f erally to the open eye, even at low 
y speeds. The apparently negative gain for 

laterally directed stimuli and the appar- 
ent gain of greater than unity with low 

t- medially directed stimulus velocities is 
ie a consequence of a spontaneous nys- 
o tagmus (slow-phase medial), which we 
v- have observed in all three dark-reared 
t. cats studied. This nystagmus is unrelated 
al to visual stimulation, since it is observed 
1- in the dark and also when the drum is 
le stationary. An example of the spontane- 
- ous nystagmus of a typical dark-reared 

e, cat is shown as an inset in Fig. 2. This 
ic inset also shows examples of the nys- 

tagmus evoked in response to monocular 
1 optokinetic stimulation (8). 
ir In the dark-reared cat in which the 
th chiasm was sectioned, combining these 
2) manipulations that affect laterally and 
in medially directed OKN yields a com- 
al plete absence of OKN in response to ei- 

ther direction of stimulus movement. 
i- Both the apparently negative gain for 
is medially directed stimuli and the appar- 
i- ent response to laterally directed stimuli 
ly can be accounted for by a spontaneous 
i- nystagmus (slow-phase lateral in the 
:h monitored eye) observed in these ani- 
re mals. Allowing the animal visual ex- 
al posure for as long as 10 months in a nor- 
ly mally lit animal colony has not resulted 
e- in any recovery of optokinetic responses 
:h to stimuli moving in any direction. 
[n We believe that our findings can be un- 
al derstood in terms of emerging studies 
ly implicating the nucleus of the optic tract 
i- (NOT) in the control of horizontal OKN 
le (9). This nucleus contains binocularly 

driven direction-selective neurons pre- 
i- ferring movement toward the ipsilateral 
t- hemifield; the velocity characteristics of 
k- these neurons are appropriate for the 
Is generation of OKN. Moreover, lesions 

Fig. 1. Gain (eye ve- 
locity + stimulus ve- I Normal 
locity) of horizontal 1. 
optokinetic nystag- 
mus (OKN), mea- 
sured with both eyes 
open, as a function of . _ 
drum speed. A gain of 0 Split chiasm 
1 indicates perfect fol- Dark-reared 
lowing of the drum by and 
the eyes. These data split chiasm Dark-reared 
represent the means 
of at least two deter- T 
minations of OKN I 

slow-phase gain in 0 20 3040 
both horizontal direc- Stimulus velocity (deg/sec) 
tions of movement in 
each of two subjects. 
The drum consisted of a large cardboard cylinder (diameter, 90 cm) on which high-contrast 
vertical black and white stripes were painted (stripe period was 20?). Background luminance 
was 0.1 cd/m2. 
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of this structure abolish horizontal OKN 
in rabbits, and electrical stimulation of 
the NOT elicits OKN with the slow 
phase toward the side of stimulation 
[that is, stimulation of the left NOT pro- 
duces leftward OKN (9)]. 

Our manipulations do not alter the 
function of the NOT, but affect the ac- 
cess of visual input to this nucleus. The 
direct retinal projection to this nucleus 

originates primarily from the con- 
tralateral eye, while the ipsilateral eye 
input takes an indirect route through the 
visual cortex (Fig. 3) (10). After chiasm 
section, only the ipsilateral eye has ac- 
cess to the NOT, exciting only neurons 
that are responsive to laterally directed 
stimulation of that eye. By contrast, vi- 
sual deprivation appears to exert its ma- 
jor effects on the cortex and its output 

pathways leaving access to NOT units 
only through the direct pathway from the 
contralateral eye (11). When the optic 
chiasm is sectioned in the dark-reared 
cat, the visual input from both retinal 
and cortical sources is virtually abol- 
ished by the combination of deprivation 
and surgery. Hence this animal lacks vi- 
sual input of any kind to its optokinetic 
systems and exhibits a profound blind- 
ness which does not diminish over time. 
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Fig. 2. Responses to monocularly viewed stimuli moving medially (toward the nose) or 1 
The gain of the reflex is lower for laterally directed high-velocity drum movement 
medial in the normal cat (6). (Inset) Nystagmus of the dark-reared cat under monocular 
conditions. Another oculomotor anomaly characteristic of dark-reared cats is the lo\ 
tude, high-frequency pendular nystagmus (12). 

Fig. 3. Visual pathways to the nucleus of the 
optic tract (NOT). Each eye sends a direct 
projection to the NOT on the other side of the 
brain. This projection is interrupted by 
chiasm section, so the NOT lacks direct con- 
tralateral eye input after surgery. In addition, 
both eyes project to cells in the visual cortex 
on both sides of the brain after a relay in the 
lateral geniculate nucleus. The visual cortex 
then projects to the NOT, providing the sole 
route by which stimuli viewed monocularly 
can influence the cells of the ipsilateral NOT. - - Optic ci 
Visual deprivation appears to result in a func- 
tional loss of cortical efferent pathways to the Nucleu 

optic 
midbrain; thus, in the dark-reared cats, stimu- - op 
li presented monocularly may not influence 
cells of the ipsilateral NOT. This result would 0 Later 
be consistent with the lack of response to lat- - genic 

erally directed stimuli in these animals. When A 
the chiasm is sectioned in cats reared in the 
dark, all access routes to either NOT become 
nonfunctional, with the result that the cats be- \ /- - Cortex 
come incapable of responding to stimuli mov- 
ing in either direction. 
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