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The influence of unilateral plugs of the left horizontal semi- 
circular canal (LHC plugs) of rabbits on the development and 
compensation of asymmetric eye movements evoked by 
horizontal vestibular stimulation was studied. LHC plugs 
caused an immediate reduction of 50-65% in the gain of the 
horizontal vestibuloocular reflex (HVOR). This reduction in 
gain was achieved without altering the symmetry of the HVOR, 
and was accompanied by a change in the axial alignment of 
eye movements evoked by vestibular stimulation about the 
vertical (HVOR) and longitudinal (VVOR) axes. Postoperative 
asymmetry of eye movements developed 12-46 hr after the 
plugging operation. The development of asymmetry was re- 
duced if the rabbit was restrained for 24 hr, thereby mini- 
mizing vestibular stimulation following the plugging opera- 
tion. Over a 3-4 week period, the normal symmetry of eye 
movements was restored and the axial alignments of the 
HVOR and VVOR returned to the preoperative values. The 
gain of the HVOR did not recover. The horizontal cervicoocu- 
lar reflex (HCOR) was examined before the plugging oper- 
ation and after compensation of asymmetry was complete. 
The gain and phase of the HCOR were not altered. A rela- 
tively simple set of explanations at a cellular level is pro- 
posed to account for the induction and compensation of 
asymmetric eye movements following a unilateral plug of the 
horizontal semicircular canal. 

For over a century, the oculomotor system has been used to 
characterize the changes in CNS function that occur following 
unilateral damage to the peripheral vestibular apparatus. Such 
unilateral damage causes both an eye nystagmus, with the slow 
phase towards the damaged side, as well as other postural dis- 
turbances (Bechterew, 1883; Dow, 1938; Fisch, 1973; Schaefer 
and Meyer, 1973; Baarsma and Collewijn, 1975; Lacour et al., 
1976; Jensen, 1979). Over a period of days to weeks, these 
oculomotor and postural abnormalities are attenuated. It is this 
process of “compensation” that has stimulated neurophysiologi- 
cal inquiry into the effects of unilateral labyrinthectomies on 
oculomotor function. Compensation has served as a model for 
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understanding the more general phenomenon of plasticity of the 
CNS. 

There are at least 2 major consequences of unilateral periph- 
eral damage to the vestibular apparatus: (1) loss of vestibular 
primary afferent activity causes a reduction of synaptic drive to 
secondary vestibular neurons ipsilateral to the damaged laby- 
rinth, with a consequent loss in their spontaneous activity (Precht 
et al., 1966; Shimazu and Precht, 1966; Maioli et al., 1983) 
and (2) loss of stimulus-modulated activity to both the damaged 
side, by vestibular primary afferents, and the intact side, through 
a commissural pathway, reduces the range of stimulus-driven 
activity of secondary vestibular neurons, particularly on the side 
of peripheral vestibular damage, and lowers the gain of vestib- 
uloocular reflexes (Baarsma and Collewijn, 1975). The time 
course of the attenuation of nystagmus during “compensation” 
varies over a large range, depending on the species (Dow, 1938; 
Schaefer and Meyer, 1973; Maioli et al., 1983). Although the 
“compensation” of nystagmus (the recovery of symmetric eye 
movements) is complete in all species examined, the recovery 
of vestibuloocular reflex gains is less than complete (Baarsma 
and Collewijn, 1975; Wolfe and Kos, 1977; Wolfe et al., 1978; 
Istl et al., 1983; Maioli et al., 1983). 

The technique of making a unilateral labyrinthectomy poten- 
tially confounds the study of “compensation” by causing both 
a loss of spontaneous vestibular primary afferent activity as well 
as a loss of stimulus-modulated activity. Alternatively, we have 
used a modification of the technique of semicircular canal plug- 
ging (Money and Scott, 1962) to block stimulus-modulated ac- 
tivity of the plugged canal, while leaving spontaneous primary 
afferent activity unaffected (Barmack, 1988). Presumably, if the 
primary afferent activity originating from the ampulla of the 
plugged semicircular canal were not reduced by the plugging 
operation, then no nystagmus would be caused by the operation. 
We have observed in the rabbit that a unilateral horizontal 
semicircular canal plug does not induce nystagmus, but that 
natural vestibular stimulation in conjunction with a unilateral 
plug does. A behavioral description of the induction and com- 
pensation of asymmetry constitutes the principal contribution 
of this report. 

Materials and Methods 
Preparatory surgical procedures. Twenty-one rabbits, weighing 1 .O-2.0 
kg, were the subjects in this experiment. In preparatory operations the 
rabbits were fitted with an acrylic head-restraint device that mated with 
a steel rod, as previously described (Barmack, 1988). 

Plugging operation of the left horizontal semicircular canal. Rabbits 
were anesthetized with halothane or ketamine hydrochloride (50 mg/ 
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Pre LHC-Plug B 2.5 hours Post LHC- Plug 
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kg), xylazine (6 mg/kg), and acepromazine maleate (1.2 mg/kg). The 
technique for unilaterally plugging the HSC with small silver spindles 
was identical to that previously described (Barmack, 1988). The rabbits 
were maintained for 1 week with daily intramuscular injections of pen- 
icillin G (50.000 U/kg) and urednisolone (6 ma/k&. 

Eye position recording. Eye position was measured with an infrared 
light projection technique (Barmack, 1988). This technique has a sen- 
sitivity of 0.2’ of arc and is linear to within 5% for eye deviations of 
f 15”. The transducer could be radially aligned to establish the optimal 
plane of eye movement during the horizontal vestibuloocular- reflex 
(HVOR) or vertical vestibuloocular reflex (VVOR). 

Vest&ar and neck proprioceptive stimulation.’ Rabbits were posi- 
tioned in a triaxial, servocontrolled rate table with the head fixed at the 
center of rotation. The body of the rabbit was encased in foam rubber 
and supported with elastic straps to a plastic tube aligned with the 
longitudinal axis. The position of the tube could be controlled inde- 
pendently of head position. Neck proprioceptive stimulation was pro- 
vided by rotating the body independently of the head, in the horizontal 
plane, with the center of rotation passing through the junction of the 
C, and C1 cervical vertebrae. The rate table was oscillated sinusoidally 
at a constant amplitude of * 10” over a frequency range of 0.01-0.80 
Hz about the earth vertical axis (HVOR), earth horizontal axis (VVOR), 
or by rotating the body in the horizontal plane relative to the fixed head 
(HCOR). Table position signals were obtained from servopotentiom- 
eters for each axis of rotation. During vestibular and neck proprioceptive 
stimulation, the vision of both eyes of the rabbit was always completely 
occluded by 3 layers of black cloth. 

Head restraint of rabbits to prevent horizontal vestibular stimulation. 
In order to determine the relative importance of horizontal vestibular 
stimulation in the induction of asymmetric eye movements, it was 
necessary to prevent vestibular stimulation over a period of 24 hr. 
Horizontal head restraint was accomplished by maintaining the rabbits 
in a plastic rabbit restrainer (Nalgene) with an adjustable neck support 
and a curved support for the spine. The head of the rabbit was held 
rigid in the horizontal plane by a piece of spring steel attached to the 
rabbit restrainer and mated with the surgically implanted head bolts. 
The spring steel was flexible enough to bend in the vertical plane, but 
stiff enough, if unopposed by the rabbit, to maintain the head in an 
orientation that placed the plane of the horizontal semicircular canals 
in an earth-horizontal orientation. 

Vestibuloocular and cervicoocular reJlex testing. The gains (G) of the 
HVOR and VVOR, as well as of the horizontal cervicoocular reflex 
(HCOR), were determined from measurements of the peak eye velocities 
attained during each half-cycle of sinusoidal rotation, as described pre- 
viously (Barmack, 1988). The phases of the HVOR, VVOR, and HCOR 
were measured using table and eye position signals for each half-cycle 
of rotation. At stimulation frequencies below 0.02 Hz, 2 cycles of stim- 
ulation were usually measured. At frequencies above 0.04 Hz, 3 or more 
cycles were usually measured. 

- + 
5 set 

Results 

Figure I. Influence of a plug of the left 
horizontal semicircular canal (LHC) on 
the HVOR evoked at a stimulus fre- 
quency of 0.40 Hz at different times 
following the plugging operation. A, 
Control. B, Immediately after the plug- 
ging operation (2.5 hr),.the gain of the 
HVOR was reduced. but the HVOR ve- 
locity bias was small (I’,, = 0.05). C, At 
24 hr, the HVOR velocity bias was large 
(I’,, = 0.85), and (D) at 330 hr, the 
HVOR velocity bias was reversed, but 
small (V,, = -0.08). 

HVOR measured 12-40 hr after plugging the LHC. 
The HVOR was measured in rabbits before and at various in- 
tervals after a plug was placed in the left horizontal semicircular 
canal (LHC). Rather than use spontaneous nystagmus as a mea- 
sure of relative imbalance of the vestibular system, we employed 
a more sensitive measure of the gain of the HVOR in both the 
left and right directions during sinusoidal oscillation of the rate 
table about the vertical axis (yaw). In a normal rabbits, the gain 
of the HVOR in both directions was symmetrical (Figs. lA, 2). 
However, if the HVOR was measured 12-40 hr after plugging 
the LHC, then not only was a spontaneous nystagmus of 2-15 
deg/sec present, but the HVOR became asymmetric (Figs. 1 C, 
2). In Figure 2 the HVOR was measured in 4 “plugged” rabbits 
before and 12-40 hr after the plugs were inserted. These rabbits 
had a spontaneous nystagmus, with a mean velocity of 3 deg/ 
sec. This nystagmus made measurement and interpretation of 
eye movements evoked at low-stimulus frequencies (0.01-0.02 
Hz) uncertain, since the stimulus-evoked eye velocities at these 
frequencies were low relative to the spontaneous velocity of the 
nystagmus. The velocity of eye movements evoked during ves- 
tibular stimulation of the plugged rabbits was “corrected” for 
spontaneous nystagmus by subtracting it from the peak veloc- 
ities of eye movements evoked in both the left and right direc- 
tions (filled symbols connected by dashed lines, Fig. 2). The 
LHC plugging operation caused a reduction in G, and G, of 
50-65%, an increase in phase lead of lo”-25” for leftward eye 
movements, and a smaller increase for rightward eye move- 
ments. In sum, these rabbits evinced the classic signs charac- 
teristic of hemilabyrinthectomized animals. 

HVOR measured I-10 hr after plugging the LHC 

In contrast to a previous report of spontaneous nystagmus in 
squirrel monkeys evoked immediately following a unilateral 
plugging operation performed with the bone dust-filling tech- 
nique (Paige, 1983), rabbits with unilateral silver spindle plugs 
evinced no spontaneous nyst%mus, nor did they have an asym- 
metric HVOR during the first’1 0 hr after the plugging operation. 
The gains of the HVOR, G, and G,, were reduced by 50-65% 
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Figure 2. Influence of an LHC plug on the gain and phase of the HVOR. The HVOR was measured 12-40 hr after a plugging operation in 4 
rabbits. Each rabbit evinced a spontaneous nystagmus (slow phase to the left) during this period. The gain and phase were measured for each half- 
cycle of sinusoidal stimulation (+ 10” amplitude). Open symbols connected by solid lines, the gain and phase of the HVOR. Filled symbols connected 
by dashed lines, the gain and phase that were uncorrected for spontaneous nystagmus. Filled symbols connected by solid lines, corrected responses. 
One standard deviation is illustrated for each data point, unless the data point encompasses the SD. 
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depending on stimulus frequency, and this reduction in gain was 
accompanied by an increase in phase lead of lo”-20” (Fig. 3). 
After 10 hr, a nystagmus developed. It became fully manifested 
after 24 hr (Figs. 1, 2). Three weeks after the LHC was plugged, 
the asymmetry had a slight bias in the opposite direction (to 
the right). However, there was no statistically significant increase 
(2-tailed Student’s t test) in the gains of the HVOR (Fig. 3). 

Changes in the axial alignment of eye movement caused by 
plugging the LHC 
The axial alignments of eye movements evoked by vestibular 
stimulation about the vertical axis (HVOR) and about the lon- 
gitudinal axis (VVOR) were measured both before and after the 
LHC was plugged. When tested within 10 hr following the plug- 
ging operation, and before there was any marked asymmetry of 
evoked eye movements, the axial alignment of vestibularly 
evoked eye movements was shifted. When the right eye moved 
to the right, it had a downward component, and when it moved 
to the left, it had an upward component (Fig. 4). Similarly, there 
was a change in the alignment of the vertical axis of eye move- 

ments evoked by vestibular stimulation about the longitudinal 
axis. When the right eye moved down, it moved to the right, 
and when it moved up, it moved to the left. The axial alignment 
of the principal axes of horizontal and vertical eye movements 
reached 68” 24-48 hr following the LHC plugging operation. 
This compares with a preoperative axial alignment for hori- 
zontally and vertically evoked eye movements of approximately 
86” Over a period of 30 d, the axial alignment of evoked eye 
movements reverted to the preoperative value (Fig. 4). 

Comparison between post-LHC plug forced vestibular 
stimulation and the absence of vestibular stimulation in the 
induction of nystagmus 
The induction of asymmetry in the HVOR appeared to occur 
over a period of lo-24 hr, presumably as a consequence of 
asymmetric vestibular stimulation experienced by the rabbits 
with LHC plugs when they moved their heads. We examined 
directly the role of this asymmetric vestibular stimulation in the 
induction of vestibular asymmetry by restraining head move- 
ments of 4 rabbits with plugs of the LHC (see Materials and 
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Figure 3. Comparison between HVOR evoked immediately after an LHC plug with the HVOR evoked at least 3 weeks after the plugging operation. 
The HVOR was measured in 5 rabbits within 10 hr following the plugging operation filled symbols). During this period there was no asymmetry 
of the HVOR. The rabbits were retested 3-5 weeks after the plugging operation (open symbols connected by dashed lines). During this period, there 
was no recovery of the gain of the HVOR. One standard deviation is illustrated for each data point. 

Methods) over a 24 hr period and comparing the time course 
of the induction of asymmetry in these rabbits with that of a 
group of 4 rabbits that received 8 hr of continuous sinusoidal, 
vestibular stimulation (0.4 Hz -t lo”) immediately following 
the LHC plugging operation. Although both groups of rabbits 
developed an asymmetry of evoked eye movements that reached 
a maximum 24 hr after the plugging operation, the rabbits that 
received 8 hr of continuous vestibular stimulation developed a 
larger asymmetry. The rabbits that were deprived of horizontal 
vestibular stimulation in between testing sessions developed a 
smaller asymmetry than did the rabbits that received 8 hr of 
continuous vestibular stimulation (Fig. 5). However, the “de- 
privation” of vestibular stimulation was not complete because 
even the “deprived” rabbits received 20 min of vestibular stim- 
ulation during each vestibular testing session. 

Examination of a possible role for neck proprioceptors in the 
compensation of asymmetry 
The question of how the asymmetry of eye movements induced 
by the asymmetrical vestibular stimulation caused by unilateral 
LHC plugs is compensated for was examined with the specific 
intent of determining whether neck proprioceptors might “sub- 
stitute” for the absence of a modulated primary vestibular af- 
ferent input from the left labyrinth. If such a substitution oc- 

curred, then the HCOR could potentially develop an asymmetry 
that could complement the vestibular asymmetry. The HCOR 
was tested in a group of 6 rabbits before the LHC plugging 
operation and 3-5 weeks after the operation, when the asym- 
metry of eye movements caused by the plugging operation had 
disappeared. The gain of the HCOR in both directions was 
unmodified by the plugging operation, although the gain of the 
HVOR was reduced to 0.4-0.5 of the preoperative value (Figs. 
6, 7). These data indicate that neck proprioceptors could, in 
principle, provide information concerning asymmetry of head 
movements, but that the gain of the HCOR is not used to 
compensate for the asymmetry in gain of the HVOR. 

Discussion 
Vestibular contributions to the induction of asymmetrical eye 
movements 
One of our main observations is that a unilateral plug of the 
horizontal semicircular canal without the concomitant experi- 
ence of vestibular stimulation does not induce asymmetric eye 
movements over the range of stimulus frequencies and ampli- 
tudes used in the present experiment. Although the plugging 
operation caused an immediate frequency-dependent reduction 
in G, and G, (Fig. 3), the induction of asymmetry occurred only 
after rabbits with LHC plugs received horizontal vestibular 
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Figure 4. Changes in the axes of eye movements caused by a plug of 
the LHC. The alignment axes for the HVOR (circles) and VVOR (squares) 
were measured at stimulus frequencies of 0.4 Hz in 5 rabbits before 
(open symbols) and at different times after the plugs were inserted. When 
the HVOR was measured 24 hr after the plug was inserted, the right 
eye moved down when it moved to the right. During the VVOR, the 
right eye moved to the right when it moved down. The recovery of 
normal axial alignment was virtually complete within 4 weeks. One 
standard deviation is illustrated for each data point. 

stimulation. This induction of asymmetry of eye movements 
developed over lo-24 hr and then gradually subsided over a 
period of 1 O-25 d. These data differ from the observations made 
concerning the immediate effects of unilateral horizontal semi- 
circular canal plugs in monkeys (Paige, 1983). In monkeys a 
nystagmus with the slow phase directed toward the plugged canal 
was immediately observed following the plugging operation. 
The techniques used in performing the plugging operations in 
the present experiment and in the experiments on monkeys were 
dissimilar. In the present experiment, the LHC was plugged with 
a small silver spindle that gently compressed the membranous 
horizontal semicircular canal. This technique produces revers- 
ible inactivation of the LHC (Barmack, 1988). In the monkey, 
the bone dust generated by the burr of a dental drill was mixed 
with bone wax and used to compress the membranous hori- 
zontal semicircular canal (Paige, 1983). This procedure may 
have been more traumatic tha1 the procedure of using silver 
wire spindles, since it subjected the cristae ampullares to rela- 
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Figure 5. Influence of vestibular stimulation on the development of 
nystagmus after an LHC plug. Following the plugging operation, 4 rab- 
bits were immediately placed in the rate table and subjected to 8 hr of 
horizontal sinusoidal vestibular stimulation at 0.40 Hz i 10” (“forced 
oscillation,” unfilled circles). At different times following the operation, 
the gain of the HVOR was measured at a stimulus frequency of 0.40 
Hz. At the conclusion of the forced oscillation and in between subse- 
quent tests, the rabbits were maintained in conventional cages in which 
they could freely move. Following the plugging operation, 4 rabbits were 
restrained in a “rabbit restrainer,” which prevented horizontal vestibu- 
lar stimulation. The gain of the HVOR at 0.40 Hz was also measured 
in these rabbits, and after testing they were returned to the rabbit re- 
strainer for the first 24 hr postoperative period. Subsequently they were 
returned to rabbit cages in between tests, which allowed free mobility. 
Standard deviations are illustrated for each data point. 

tively large and repeated pressure transients while the canal was 
first drilled open and then compressed with bone dust. In the 
present experiment, the postoperative use of steroids might have 
reduced both temporary and permanent damage to the labyrinth 
caused by the plugging operation. 

In the squirrel monkey experiments, in spite of the use of a 
potentially more traumatic plugging procedure, the spontaneous 
nystagmus that was present immediately after the plugging op- 
eration nevertheless increased in velocity over the first 24-48 
hr postoperatively. Furthermore, the bias of the HVOR was 
greater at higher stimulus frequencies than would be predicted 
by the linear addition of the velocity of the spontaneous nys- 
tagmus. It was concluded that the response asymmetry was 
caused by a static nonlinearity and an amplitude-dependent DC 
component (Paige, 1983). In the present experiment, the max- 
imum-velocity spontaneous nystagmus was determined for each 
rabbit. This was subtracted from the evoked eye velocity at each 
stimulus frequency (Fig. 2). This spontaneous velocity appeared 
to account for the velocity bias of the HVOR when it was mea- 
sured 12-40 hr after the plugging operation, even at higher 
stimulus frequencies. The apparent difference between this find- 
ing and the work on squirrel monkeys, in which it was necessary 
to invoke an amplitude-dependent DC component, can prob- 
ably be attributed to the procedures and criteria used to measure 
the velocity of spontaneous nystagmus. 
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In rabbits, the initial absence of spontaneous postoperative 
nystagmus, its subsequent induction by vestibular stimulation, 
and its delayed induction under conditions of reduced vestibular 
stimulation indicate that the nystagmus is a consequence of a 
stimulus-dependent modification of the HVOR, rather than a 
direct consequence of the plugging operation. This contrasts 
with the findings on squirrel monkeys, in which an immediate 
postoperative nystagmus was caused by the plugging operation 
(Paige, 1983). 

LHC plug and reduction of the gain of the HVOR 
Although the induction ofasymmetric eye movements following 
the unilateral plugging operation was dependent on vestibular 
stimulation, the reduction in gain of the HVOR was immediate 
and permanent (50-65%). Similarly, unilateral plugs of the hor- 
izontal semicircular canal of squirrel monkeys caused an im- 
mediate gain reduction of 46-60% (cf. Fig. 3; Paige, 1983). 
However, in monkeys, after the first postoperative week, there 
was a significant, although incomplete, recovery in the gain of 
the HVOR. In rabbits, after a postoperative recovery period of 
more than 3 weeks, there was no statistically significant recovery 
of the gain of the HVOR (Fig. 3). This finding is consistent with 
a previous observation that unilaterally labyrinthectomized rab- 
bits evinced no sign of recovery of the gain of the HVOR when 
tested 6 months postoperatively (Baarsma and Collewijn, 1975). 
In spite of the lack of recovery of gain, there was complete 
compensation of the asymmetry of the HVOR and complete 
recovery of the normal axial alignment of the HVOR and VVOR 
within a 3-4 week postoperative period. 

In human patients with absent labyrinthine function, there is 
some evidence that neck proprioceptive signals may be en- 
hanced to compensate for absent vestibular inputs during head 
rotation (Kasai and Zee, 1978). In the present experiment, we 
could find no evidence that neck proprioceptive inputs influ- 

Figure 6. Comparison of the HVOR 
and HCOR before and after a plug of 
the LHC. The HVOR and HCOR are 
illustrated before and 3 weeks after the 
LHC was plugged. The gain of the 
HVOR was reduced, but the gain of the 
HCOR remained normal in both direc- 
tions. 

enced the recovery of the HVOR from the induced asymmetry. 
The HCOR values in LHC-plugged rabbits were equal in phase 
and gain to preoperative values, and these were similar to pre- 
vious measurements of gain and phase of the HCOR (Barmack 
et al., 198 1). It is possible, although, we think, unlikely, that 
neck proprioceptive signals contribute to the recovery in gain 
of the HVOR, but that the present experiment did not extend 
the postoperative recovery period long enough to observe this 
recovery. 

Mechanisms of induction and compensation of HVOR 
asymmetry 
The induction of asymmetric eye movements in rabbits with 
unilateral LHC plugs depended on vestibular stimulation. This 
observation indicates that the site of induction must be centrally 
located. The induction of asymmetry cannot be ascribed to a 
traumatically induced imbalance in primary afferent activity. 
What kinds of neuronal interactions could account for this al- 
tered vestibuloocular function? The lack of stimulus-dependent 
modulation of hair cell responses or of primary vestibular af- 
ferent activity may be sujjicient by itself to reduce the amount 
of transmitter released spontaneously, to decrease the number 
of postsynaptic receptors, or to decrease the sensitivity of post- 
synaptic receptors. The hypothetical influence of synaptic ac- 
tivity on the total number or aggregation of postsynaptic recep- 
tors is illustrated in Figure 8A. 

Autoradiographic and biochemical evidence suggests that glu- 
tamate or aspartate may be synaptic transmitters in the cat 
vestibular nerve (Raymond et al., 1984). Electrical stimulation 
of a glutaminergic pathway in the hippocampus causes an in- 
crease in glutamate postsynaptic receptors (Baudry et al., 1980). 
However, at present it is not known what parameters of neuronal 
activity are critical for producing this effect. 

Alternatively, it is possible that a change in the excitability 
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Figure 7. Influence of LHC plugs on 
the gain and phase of the HCOR. The 
HCOR was measured in 6 rabbits be- 
fore (circles) and 3-5 weeks after .1 
(squares) the LHC was plugged. There 
was no significant alteration of the 
HCOR as a consequence of the unilat- 
eral plugging operation. One standard 
deviation is illustrated for the upper and 
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lower data points at each stimulus fre- 
quency. 

Eyes-left wright 
e-0 O--O Pre-plug 

m-4 o-0 Post-LHC plug 

1.0 .Ol 
Freauencv. Hz 

of secondary vestibular neurons could be induced through syn- nism is illustrated as a displacement of postsynaptic receptors 
aptic competition (Fig. 8B). Such a mechanism has been pro- that receive an unvarying excitatory synaptic input by postsyn- 
posed to account for the biased development of ocular domi- aptic receptors that receive a varying inhibitory synaptic input. 
nance columns in the visual cortex of cats and monkeys that In this instance, the presynaptic inhibitory neuron could cor- 
are deprived of binocular vision (Wiesel and Hubel, 1963; Guil- respond to a commissural neuron originating in the vestibular 
lery and Stelzner, 1970). The physiological mechanism that could nucleus, which is contralateral to the LHC plug. The synaptic 
actually account for a more active set of synapses occupying the competition would cause this commissural input to become 
postsynaptic area formerly occupied by another set of less active more potent in regulating the activity of the postysynaptic neu- 
synapses is unknown. In Figure 8B, this hypothetical mecha- ron. Although there is compelling evidence that the vestibular 

Figure 8. Possible mechanisms of in- 
duction of and compensation for asym- 
metric eye movements. A, Lack ofstim- 
ulus modulation of primary afferent 
activity causes a diffusion or loss of 
postsynaptic receptors, rendering the 
postsynaptic neuron less sensitive to a 
maintained spontaneous level of pre- 
synaptic activity. B, Synaptic “com- 
petition” between 2 different presyn- 
aptic inputs (excitatory input, open 
symbol; inhibitory input,jilled symbol) 
renders the unmodulated input less 
competitive in maintaining postsyn- 
aptic receptor density. C, Recurrent in- 
hibitory feedback of postsynaptic neu- 
ron “compensates” for an induced lower 
output activity by withdrawing inhibi- 
tion due to decreased activity from the 
output neuron. 
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commissural system may play a role in the compensation of 
asymmetry (Dieringer and Precht, 1977; Bienhold and Flohr, 
1978; Galiana et al., 1984), at present there is no direct evidence 
that would indicate whether postsynaptic receptors of secondary 
vestibular neurons are lost or displaced as a consequence of a 
unilateral semicircular canal-plugging operation. Nor is there 
direct evidence that the phenomenon of induction of asymmetry 
of eye movements can be attributed purely to either the action 
of commissural neurons or the action of these neurons on post- 
synaptic receptors. 

Synaptic inactivity or competition could account for the in- 
duction of asymmetry of eye movements. However, once in- 
duced, what factors contribute to compensation or restoration 
of symmetry? If a recurrent inhibitory neuron were coupled to 
the output of a secondary vestibular neuron, then, as the output 
of the secondary vestibular neuron decreased, the effective re- 
current inhibition would also decrease (Fig. SC). Conversely, 
an excitatory vestibular commissural pathway (not illustrated) 
might increase in efficacy in driving secondary vestibular neu- 
rons that are ipsilateral to a unilaterally sectioned vestibular 
nerve (or plugged semicircular canal), as has been demonstrated 
in the frog (Dieringer and Precht, 1977). Consequently, the out- 
put of a secondary neuron could eventually be stabilized about 
some constant frequency. The time necessary for this to occur 
might correspond to a period of compensation. The mechanism 
discussed here depends on the growth or aggregation of post- 
synaptic receptors under certain conditions of presynaptic ac- 
tivity; for the purpose of emphasis, we ignore other possible 
mechanisms, such as changes in presynaptic release, changes in 
presynaptic innervation density (Korte and Friedrich, 1979), or 
induced dendritic growth. While, in the past, these mechanisms 
have not been differentiated electrophysiologically, it is possible 
that, with the advent of more selective immunocytochemical 
markers, the problem of identifying mechanisms of plasticity 
may not be so intractable in the future. 
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