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{1 Abstract — Electrical stimulation in the monkey
vestibulocerehellum bas previously been shown
to produce ocular nystagmaus, but large stimulat-
ing current values were used. Using long durution
(5 10-second) siimulus pulse trains and low current
values (<50 gA), we studied the nystagmus evoked
by microstimulation in fhe uvular/nodular regions
of the cerebellum. In doing this, we tound quan-
titative differences in the nystagmus svoked from
these two regions. Stimulation of the nodulus typl-
cally produced 3 vigorous nysisgmus with » contra-
lateral siow phase and a profonged afternystagmus
in the same direction. In contrast, stimulation of
the uvula typicaily produced a regular ipsilateral
nysiagmus pattern with a very short, if any, sfter-
nystagmus in the same direction. In addition, at
some stimulation sites ko the uvala we observed an
adaptation in the slow phase eye velocity during the
time that the stimulation remained on. This effect
could result n a secondary nystagmus, with a slow
phase velocity direction opposile to that first
evoked by the stimulution, followed by a prolonged
afternystagmus In the dircetion of the secondary
nystagmus at stimulus offset. The nystagmus
evoked by these cerebellar stimvulations diffess from
both natural nysiagmus produced by large feld vi-
susl motion and from the nystagmus produced by
clectrical stitaulation of the nuclens of the optic
tract. The nystagmus produced by uvular and wod-
ular stimulation shows a shorter Intency and a more
rapid slow phase eye velocity buildup. ‘The avula
stimulations also showed 2 much shorter afternys;
tagmus, Also, the same oystagmus was evoked
whether the animal was in a lighted or dark sur-
round. Thess cheracteristics and recent single-unit
recording studies in the uvula seem to suggest that
the uvula acts not as & direct lnput to the velocity

storage mechaniam, but instead perhaps as part of
an internal reguintor for balance between (he bilat-
el vestibular nuclel which are normally part of the

nystagmus response. On the other hand, the nod-
‘ulus, with its prolonged afterystagmus in the same
‘direction us the evoked nystagmus, may be in-

volved as & part of the velocity storage mechanism.

O Keywords — cerebellum; uvula; nodulus;

vesiibular nuclel; opiokinetic nystagmus,

Introduction

The uvula/nodulus (Iobules IX and X respec-
tively of the cerebellar vermis) and the floc-

.culus/ventral paraflocculus are all classically

considered to be part of the vestibulo-cerebel-

lum (1). Thus, these cerebellar regions have

often been lumped together in terms of their
functional role in the control of eye move-

‘ments. In support of this idea, studies have

shown that lesions of the flocculus/parafloc-
culus (2) and the uvula/nodulus (3) both af-
fect the monkey’s ability to use a stationary
visual background to suppress nystagmus. [t
has also been demonstrated that Purkinje cells
in both areas respond to angular acceleration
of the head (4,5). Furthermore, it has been
shown shown that single climbing fibers from
the inferior olive ¢can branch and project to
both regions (6).

On the other hand, some significant differ-
ances in the functional role (with regard to eye
movements) of these two regions, and even
batween the nodulus and the uvula, have been
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suggested by the results of other srudies, Le-
sions in the floceulus/paraflocculus disrupt the

rapid rise in optokinetic nystagmus (OKN):

while lesions of the uvula/nodulus (3) or the
uvula alone (7) have little effect on this com-
ponent of QKN, although one study involving
uvula/nodulus lesions in monkey did show
such an effect using high speed optokinetic
stimulation (8). The response of Purkinje cells
to constant velocity optokinetic or vestibular
stimuli appears to be quite different in the two
regions. Cells in the flocculus/paraflocculus
respond erisply with short latencies to stimuli
of these types, even during smooth pursuit
eye movements (5,9), while most cells in the
uvula/nodulus respond sluggishly with long
latencies following the onset of these same
types of stimuli (4,7). The dorsal folia of the
uvula receives a strong projection of visual
mossy fiber input from the cerebro-ponto-
cerebellar system (10,11) as does the flocculus/
ventral paraflocculus (12-14), The nodulus
seems to receive a visual input, but only via
the visual climbing fiber system (15).

In the present study, we used electrical mi-
crostimulation in the uvula/nodulus to detet-
mine if we could gain further information
about the functional role of this cerebellar re-
gion that might supplement our recently com-
pleted single-unit recording and lesion studies
in the wvula (7,16),

Ron and Robinson (17) have previously re-
ported that nystagmus is evoked by electrical
stimulation of the uvular/nodular region of
the cerebellum, but in their study very large
currents were used (=1 mA) which very likely
excited both structures as well as other adja-
cent regions by current spread. Thus, an ad-
ditional goal was to determine, by the use of
very simall currents, if we could show any dif-
ferences in the effect of stimulation between
the uvula and the nodulus.

Materials and Methods
Preparation

Three monkeys (Macaca fascicularis) were
prepared for these studies by the chronic im-

plantation of three devices. Each animal was
implanted with a coil of Teflon-coated stain-
less steel wire mounted under the conjunctiva
of one eye (18) to record eye movements using
the search coil method (19). A stainiess steel
chamber (17 mm diameter) was stereotaxically
positioned (with a posterior angle of 10%) over
the uvular/nodular lobules of the cerebellum
to allow single-cell recording and electrical
microstimulation in this cerebeflar region. Fi-
nally, two transverse stainless steel rods were
implanted to allow immobilization of the
head with respect to the magnetic fields dur-
ing subsequent experimental sessions. The
chamber and the rods were fixed in place with
dental acrylic cement, All surgeries were per-
formed under sodium pentobarbital anesthe-
sia and sterile conditions, Sutured incisions
were treated with antibiotic ointments, and
penicillin was administered during the post-
surgical recovery period. Analgesics (torbu-
trol, 0.05 mg/kg, intramuscular) were given
after recovery from the anesthesia to relieve
any postsurgical pain, Following recovery from
these surgical procedures, the monkeys were
taken to the recording room on a daily basis
for sessions lasting several hours to obtain
the electrical stimulation results described
here. The care and use of all animals used fol-
lowed the guidelines of the National Research
Council.

Recording and Stimulation

We recorded single cells in the uvula/nod-
mlus lobules as previously described (7). Dur-
ing some microelectrode penetrations, after
recording the activity of single units in these
regions, we delivered electrical stimulation be-
ginning at the depth on the penetration of the
despest isolated unit. The microelectrode was
then withdrawn in 500 wm steps, and the ef-
fect of stimulation was tested at each loca-
tion. High-frequency pulse trains (pulse width
0.25 ms, frequency 300 pulses/s) were used as
the standard, while current strength and pulse
train fength were varnied.

Before data ware collected, the threshold
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current for evoking an eye movement was de-
termined. Threshold levels of stimulation
were always determined with the animal int a
totally dark surround. In between stimula-
tions the animal fixated a moveable visual
spot for liquid reward (a task on which it has
been praviously trained) in order to maintain
alertness, Train length was set to 50 ms and
current was fixed at 10 A, If 6o eye move-
ment was evoked, current was then increased
in step amounts up to a maximom level of
100 pA. If no eyve movement occurred using
this current, the location of the site was
marked on the log as non-responsive for eye
movements. The electrode was then with-
drawn to a new location. If an eye movement
was evoked, the threshold current was noted
and then doubled in strength, and all eye
movement data which were analyzed were col-
iected using this supra-threshold level. Stim-
ulus train length was varied up to a maximum
value of 10 seconds. Stimulation data were
gathered with the animal in complete dark-
ness except when explicit tests were done 1o
assess the effects of visual surrounds on stim-
ulation-evoked eye movements, Because the
nystagmoid-like eye movements that were
routinely evoked showed adaptive character-
istics, we were not able to test longer train
lengths and as a precaution we waited several
minutes batween the delivery of stimulations.

In order to compare the eye movements
that we evoked with electrical stimulation
with visually-evoked nystagmus, we rotated
an optokinetic drum about a vertical axis
passing through the animal’s head at constant
speeds of either 40° or 10075, The drum was
lined with alternating light and dark stripes
having random widths that averaged B° in
width. In a typical trial, the drum was accel-
erated with the drum lights off until it reached
one of the constant speeds used in this study.
QKN was evoked when the drum lights were
turned on, presenting the animal with a step-
like increase in visual surround velocity. Drum
rotation continued at a constant velocity for
a fixed period of time, after which the drum
lights were again turned off allowing for as-
sessment of the ensuing optokinetic afternys-
tagmus (OKAN).

Data Analyvsis

During stimulation sessions, eye position
signals were differentiated by analog hardware
to produce analog voltages proportional to eye
velocity (high-frequency cutoff at 150 Hz).
Eye position, eye velogity, and a signal giving
the time envelope of the stimulus train were
digitized at 500 Hz for short stimulus trains
{4 seconds) or at 100 Hz for longer pulse
trains, Data were stored on computer disk
during stimulation sessions and later analyzed
off-line using either a PDP 11/73 or & PC/AT
compatible computer.

Location of Recording Sites
and Histology

Microelectrode tracks were made in para-
sagittal planes. The placement of the end of
the guide tube just below the tentorium min-
imized the length of microelectrode travel,
consequently minimizing the possibility of de-
viations of the tip away from a selected posi-
tion in the parasagittal plane.

Before the animals were sacrificed, sev-
eral electrolytic marker lesions were made at
known stereotaxic locations by passing DC
current at 20 pA for 20 seconds through the
tungsten microelectrodes, Histological mate-
rial was obtained by deeply anesthetizing the
animal with pentobarbital and perfusing with
buffered 10% formalin. Frozen serial sections
(60 microns thick) were cut in the parasagit-
tal plane and every fifth section was subse-
quently stained with cresyl violet. Stimulation
sites were then reconsiructed from the loca-
tions of the recovered lesion marks. We are
confident about the laterality of our stimula-
tion sites both because of the marker lesions,
and since tracks were never run closer than
1 mm from the midline (to avoid the parasag-
ittal sinus). However, since these sites were re-
constructad on the basis of a few lesions at the
end of the experiment, some uncertainty re-
mains about the exact location of some of the
stimulation sites with respect to the border be-
tween the uvula and nodulus.
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Results
Stimulation Sites

We stimulated at sites along 27 penetra-
tions in three monkeys. The locations of a
group of representative stimulation sites from
all three animals are superimposed and illus-
trated on a schematic reconstruction of a
parasagittal section of the cerebellum in Fig-
ure 1. This figure was traced from a section
located 1 mm from the midline in one mon-
key. In two of the monkeys, most of the pen-
etrations went into the nodulus and ventral
folia of the uvula, and in the other animal
most went into the region of the dorsal folia
or the central connective stem of the uvula.
Nystagmic eye movements were evoked from
sites scattered throughout the whole area ex-
plored in the three animals, from both the

white matter and from the coriex, without
any apparent pattern in stimulus threshold.
However, quantitative differences were noted
in the type of nystagmus that was evoked at
uvilar sites and nodular sites as described be-
low. The initial movement evoked by stimu-
lationt throughout this region was always a
smooth movement, and as stimulation dura-
tion was increased, this simnooth movement
was followed by a saccade in the opposite di-
rection and then a typical alternating pattern
of slow and fast eye movements.

The onset of the first slow evoked move-
ment varied in latency from 20 to 50 ms with
a mean value of 28 ms when averaged across
all stimulated sites, The direction of the evoked
nystagmus (categorized on the basis of the
direction of the initial slow phase eye move-
ment) could be either ipsilateral or contra-
lateral and usually also contained a vertical

Figurs 1. Stimulation sites in the uvuls and nodulus. Locations whars stimulastion evoked nystagmus at cur-
rent strengths less than 100 gA are shown ag filled circies. Stimulsted sites where no nystagmus was prociuced
at this current strength ars shown with opsn circles. Repressntative sites from ail thres monkeys are super-
imposed on one sagittal section (1 mm from the midiine} of the cerebellum of one animal. The vertical arrow
indicatas the approximate direction of the wertical stersttaxic plane. FN = fastigial nucleus; BS = Lrain stem;
IX = lobule § of the cerwbellar vermia (the uvula) X-= lobule 10 of the vermis (the nodulus). The * indicates
8 location just dorsal to the nodulus at whioh sacoadio sye movemants instead of nystagmus was svoked.
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component. From 13 penetrations that were
clearly off the midline and in the uvula, the
direction of the slow phase of the evoked nys-
tagmus was ipsilateral in 11. However in the
nodulus, the opposite directional bias was
found with seven out of nine penetrationg
yielding contralateral nystagmus. There was a
sharp transition depth along nodular tracks
(as the electrode was withdrawn) at which the
evoked eye movement changed from nystag-
mus to a saccade, probably indicating entry of
the stimulating electrode into the posterior
fastigial nucleus, a region known to be in-
volved in saccade generation (20).

Optokinetic Drum Stimulation
In order to better interpret the effect of

uvular/nodular electrical stimulation, it is help--
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ful to first illustrate the effect in the same an-
imal of natural full-field moving visual stim-
ulation having similar time durations to the
pulse-train lengths used during electrical stim-
ulation. Typical results are shown in Figure 2
for visual motion durations of about 4, 10,
and 30 seconds, Drum speed was 40%s in each
of the tests, a speed similar to the eye move-
ments evoked by electrical stimulation in the
uvula/nodulus at many sites. When a drum
motion duration of 4 sec was used, the nys-
tagmus slow phase velocity built up very rap-
idly, was sustained for the duration of the
drum rotation, but then declined rapidly after
the drum lights were extinguished. However,
even for these short periods of optokinetic
(OK) stimulation there was a prolonged pe-
riod of low velocity OKAN (most clearly seen
on the gye position trace), Thus, even rela-
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Figure 2. Nywtagmus produced by striped drum rotetion of about 4 (A), 10 (B), and 30 seconds duration {C).
in A, B, and C the upper trace shows the time coursa of lighted drum rotation, the middie trace horizontal oy
valocity, and the lower horizontal eye position. Quick phase sye velocities are clippad for clarity. Al drum
rotations shown are rightward. The breaks in C ocour in & continuous trace at times when the stored data o
the computar was written to disk. D: Graph shows an sstimate of the parcent of the maximum stored veloc-
ity tor drum rotations of 4, 10, and 30 seconds (sss text for deisile of the method). Esch point represents the

mean of 5 maasuremants in one animal.
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tively short periods of electrical stimulation of
4 sacond duration would be expected to lead
1o clear after nystagmus, if the electrical stim-
ulation engaged the normal optokinetic path-
ways in a manner similar to that produced by
natural stimulation. Ten- and thirty-second
periods of OK stimulation resulted in similar
patterns of sustained nystagmus during drum
rotation, but these longer periods of visual
stimulation produced more velocity storage as
seen in the higher values and longer durations
of siow phase eye velocity during OKAN. For
each speed, we defined the percent of velog-
ity storage as the ratio of the peak value of
observed OKAN slow phase velocity (nor-
mally found immediately after the drum light
was turned off) to the OK slow phase veloc-
ity just before the drum light was turned off,
Figure 2D shows the mean values of the re-
sults of these calculations for one animal.
This figure shows that at 4 seconds of moving
field stimulation only about 20% of the speed
reached during OKN was stored. Maximum
values of storage (about 80%) were reached
with 30 seconds of drum rotation, and longer
stimulation periods of up to | min in duration
did not further increase the level of storage.
In conclusion, natural OK stimulation given
to our animals produced nystagmus similar to
that previously reported for monkeys (21,22).
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Velocity storage is relatively low at drum ro-
tation durations of 4 seconds (the most com-
monly used electrical stimulation duration),
but the small amount of stored velocity de-
cays slowly during OKAN and is still clearly
seen for 10 seconds or more (Figure 2A) af-
ter the drum light is turned off. Ten-second
drum rotations produced even more vigorous
OKAN for times that exceeded the 15-second
post-stimulus recording period {Figure 2B).

Thus, our typical electrical stimulations
of either 4 or 10 second durations might be
expected 1o evoke eye movements with after-
nystagmus having similar durations, if the
nystagmus was evoked by stimulation of the
same neural pathways that are normally used
to generate OKAN, Stimulation in the uvula,
although eliciting strong nystagmus during the
stimulus train, produced only minimal after-
nystagmus when the stimulation was turned
off. In contrast, some sites in the nodulus
produced prolonged afternystagmus follow-
ing the offset of electrical stimulation. We de-
scribe these results below,

Uvular Stimulation

Sites producing little afternystagmus, Figure 3
shows the type of eye movement typically
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Figure 3. Eyes movements producsd by stimulation at a rapresantative she in the right uvuls, (A) A 4.2 second
stimulation, (B} A 10.9 second stimulation a1 the sama alte. Traces from top to bottom: slectrics stimulation
snvelops, horizontal sys valocity {rightward direction shown as poasitiva), horlzontal ayes position {right shown
as positive). Reaults from the same animal shown In Figure 2 for drum stimulation.
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evoked by eiectrical stimulation (train dura-

tion was about 4 sec in this example) in the
uvula. Stimulation at this uvular site pro-
duced a smooth acceieration of the eyes (af-
ter a latency of about 20 ms) in an oblique
(right-down) direction. We found, in general,
that the vertical component of the electrically
evoked nystagmus was often much smaller in
amplitude, and was often not sustained or
waxed and waned in amplitude during the
stimulation. Therefore, we have only shown
the horizontal component of the nystagmus.in
this and the following figures. The evoked
movement continned with a typical nystag-
moid pattern of alternating slow- and fast-
phase eye movements, The horizontal slow
phase eye velocity reached a plateau in about
| sec and then continued as a rather regular
nystagmus of approximately constant veloc-
ity for the duration of the 4-second stimula-
tion. When the stimulation was turned off,
slow phase eye velocity decayed rapidly back
to zero with a short period (about 2-second
duration) of afternystagmus in the same di-
rection as the peri-stimulation nystagmus,
Longer duration stimulation {about 10 sec) at
this site showed that the nystagmus tended to
adapt as illustrated in Figure 3B. Slow phase
eye velocity declined during the stimulus train
for longer stimulations so that little (at this
site) or no slow phase velocity (at other sites)
remained by the end of the 10-second stimu-
lation train. Even less afternystagmus was
produced by the longer period of electrical
stimulation as compared to that produced by
the 4-second stimulus durations.

Stimulation during fixation of a visual target.
Figure 4 shows the result obtained at this
same uvular site when the stimulus train was
applied while the monkey was fixating a small
stationary spot projected onto the screen di-
rectly in front of it. A qualitatively similar
nystagmus was evoked during the peri-stimu-
lation interval, although the peak value of the
evoked slow phase sye velocity was reduced
from 67°%/sec (in the case of no fixation point,
see Figure 3A) to 57%sec (when a fixation
point was present, see Figurs 4). A difference
also existed at the time of stimulation offset.
When the stimulus was turned off with no fix-
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Figure 4. Stimulation In the pressnce of & stationary
visual tixation point. Figure layout is the same as that
in Figure 2A. Stimulation sita Is tha same as that for
Flgurs 3.

ation point present, the ongoing slow phase
eye velocity declined exponentially to produce
a short afternystagmus in the same direction
as that evoked during the peri-stimulus inter-
val {(Figure 3A). When the animal was at-
tempting to fixate, although it was unable to
suppress the effect of the stimulation, it
showed a rapidly declining slow phase eye ve-
locity that reversed direction at stimulus off-
set (Figure 4). The lower trace in this figure
{eye position) illustrates that the animal was
immediately able to regain fixation on the vi-
sual target when the stimulus was turned off,
although its eyes were driven far off the tar-
get during the stimulation.

Nystagmus reversal during stimulation. At
some sites in the uvula the adaptation that oc-
curred during stimulation was very rapid, and
in these cases the slow phase eye velocity of-
ten reversed direction during the time course
of the electrical stimulation. This effect then
resulted in a secondary nystagmus in the op-
posite direction which was larger than the
spontaneous nystagmus seen in this animal in
the dark. This effect is illustrated for one uvu-
far site in Figure 5. This figure shows that a
nystagmus in the left direction was evoked
about 20 ms after stimulation onset, but that
it reversed direction and went to the right af-
ter 2.5 seconds. When reversals of this type
occurred during the stimulation, there was al-
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Figure 5. Four-sacond stimulation st a sits In the
uvels which produced a sacondary nystagmus with
reversed direction. Figure isyout the same as In Fig-
ure 3.

ways a prolonged afternystagmus in the same
direction as the secondary nystagmus as illus-
trated in Figure 5.

Nodular Stimulation

afternystagmus in the same direction as that
o¢curting during the stimulation. Figure 6A
illustrates this type of result for a represen-

- tative nodular site. Stimulation produced an

initial rightward (contralateral slow phase}
and upward eye acceleration with a latency of
20 ms. The vertical slow phase eye velocity
{not shown} reached a small amplitude steady
level after about one-half second, but the
horizontal eye velocity continued to increase

- throughout the entire duration of the 4-second

stimulation. At stimulus offset, in contrast to
the rapid exponential drop in ays velocity seen
following uvular stimulation, nodular stimu-

lation produced a sustained afternystagmus
that decayed only after 10 to 30 seconds (only

the initial 5 seconds of this decline is shown in
Figure 6A). At a few stimulation sites in the
nodulus, the afternystagmus decayed more
quickly, but even at these sites this afternys-

_tagmus decayed much more slowly {(from 4 to

15 seconds) than that evoked by uvular stim-
ulation. Sustained afternystagmus was found
at sites along 10 of the 12 nodular penetra-
tions made in two monkeys.

- Adaptation to stimulation, Stimulation at

Long duration gfiernystagmus, In contrast
to uvular stimulation, stimulation in the nod-
ulus often produced a robust and prolonged
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gome sites in the nodulus produced an initial
nystagmus and adaptation similar to that
found in the uvula (4 out of 12 penetrations
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Figura 8, Four-second stimulations at representative sites In the laft nodutus. Figure layout the same as in
Figure 3. (A) Site wheve stimulstion produced a prolonged afternystagmus, (B) Site whers only modest aftet-
nystagmus was svoked. Noie however, thal aitemystagmus Ia present hare, unilke with uvular stimuiation
{Figure 38).
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in the nodulus). Figure 6B illustrates this ef-
fect for one site in the nodulus, Stimulation at
this site produced an initial rightward nys-
tagmus. This motion, however, was not sus-
tained. The slow phase eye velogity begins to
decline rather quickly (sometimes even reach-
ing zero velocity before the stimulus offset).
In some cases, as illustrated at this site, there
18 a small afternystagmus in the same direc-
tion as the peristimulus nystagmus unlike the
case involving uvular stimulation. At others a
modest amount of afternystagmus in the op-
posite direction occurred, but never 1o the ex-
tent that was seen with uvular stimulation.

Discussion

The common features of the responses
produced by electrical stimulation at all sites
in the yvula were the strong initial nystagmus
and the almost total lack of afternystagmus
(in the same direction as the peristimulus nys-
tagmus) at the end of stimulation. With longer
duration stimulations, a secondary nystagmus
often appeared. It was always in a direction
opposite to the original peristimnlus nystag-
mus, and it could start even before the termi-
nation of electrical stimulation. When a strong
secondary nystagmus was evokex, there was a
prolonged afternystagmus, but always in the
direction of this reversed secondary nystagmus.

Stimulation at most sites in the nodulus
produced a prolonged afternystagmus in the
same direction as the peristimulus nystagmus,
In contrast to uvular stimulation, with nodu-
lar stimulation there were few cases of an ac-
tual reversal of the direction of the nystagmus
during the stimulation, however, adaptation
to the stimulus did occasionally occur. Any
afternystagmus that was produced was still in
the same direction as the initial nystagmus.

Thus stimulation in the nodulus differs
from siimulation in the uvula in several ways,
First, reversal of direction of nystagmus (sec-
ondary nystagmus) occurs much more com-
monly following uvular stimulation, In the
uvula, this reversal may occur either during or
after the stimulus. Second, adaptation in the
nodulus leads only to an absence of afternys-

tagmus or a small nystagmus nearly always in
the same direction as the original nystagmus,
while adaptation in the uvula leads to the re-
versal effect. Third, a sustained afternystag-
mus that resembles OKAN (siow phases in
the same direction as those during OKN) oc-
curs only with stimulation in the nodulus. Un-
less there is a secondary nystagmus (reversed
direction afternystagmus), the initial nystag-
mus following uvular stimulation is small or
abruptly disappears at the end of the stimu-
lus, while the nystagmus following stimula-
tion in the nedulus usually continues well after
the current is turned off.

Ron and Robinson (17) have previously re-
ported that electrical stimulation of the uvula
or the nodulus led to the induction of nys-
tagmus with similar properties from either
structure. In their study, relatively large stim-
ulating electrodes and currents (up to 1 mA)
were used and no quantitative description of
the nature of the evoked nystagmus was given.
It is very likely that these levels of stimulating
currents may have produced substantial cur-
rent spread that prevented their observing any
differences in the effect of stimulation in these
two areas. In their study, a rapid adaptation
in the nystagmus frequently occurred, but
they did not report the reversal in direction
that we frequently observed with uvular stim-
ulation. They also reported afternystagmus
which we observed only with nodular stimu-
lation. They further noted that electrical stim-
ulation of the flocculus produced a similar
type of nystagmus.

Belknap and Noda (23) stimulated the {loe-
culus with microelectrodes and used small
currents (less than 22 uA) which were compa-
rable to those we used. However, since they
did not use train lengths longer than 500 ms,
they only occasionally evoked nystagmus, and
then, of only minimal duration, Thus it is dif-
ficult to compare our results to those obtained
from floccular stimulation to determine if Ron
and Robinson (17) are correct in their conclu-
sion that similar types of results are obtained
from electrical stimulation of all of these re-
gions of the primate vestibulo-cerebellum.
Belknap and Noda (23) argued that their floc-
cular stimulation produced pursuit eye mave-
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from uvula/nodulus stimulation argues against
this interpretation of our results.

Our experimental stimulations are more
comparable to those of Schiff and colleagues
(21} in which the nuclens of the optic tract
(NOT) was stimulated with ¢urrents of 30 to
40 uA and train durations of 20 {0 30 seconds.
Stimulation of this structure produced (after
latencies of 200 to 500 ms) horizontal, ipsi-

_lateral nystagmus and a prolonged afternys-
tagmnus in the same direction, but only when
the animal was in the dark. The presence of
a lighted stationary surround, however, in-
hibited the evoked eye movements. Because
the characteristics of the evoked movements
in darkness were so similar to natural QKN
and OKAN, these authors argued that they
were stimulating a structure which provided
the input to the horizontal velocity storage
integrator of the oculomotor system. The nys-
tagmus we evoked from uvula/nodulus stim-
ulation was quantitatively different from that
evoked by stimulation of the NOT. Most sig-
nificantly, our cerebellar stimulations pro-
duced virtually the same nystagmus whether
the animal was in a lighted, stationary sur-
tound, or in darkness, although the speed of
the slow phases were reduced in the presence
of the stationary surround, The latency of
the cerebellar evoked nystagmus was much
shorter (typically 20 ms), and the build up of
slow phase eye velocity took place over a very
short time course (typically 1 second) which is
much shorter than the build up of natural
OKN and the nystagmus evoked by NOT
stimulation (21). Uvular evoked afternystag-
mus was much shorter than that produced by
NOT stimulation and not at all like the time
course of OKAN. Finally, the nystagmus pro-
duced by uvular stimulation often showed ad-
aptation to prolonged stimulation such that
little movement remained after several sec-
onds of stimulation, or the direction of the
slow phase even reversed during or after the

menys, The consistent production of nystagmus

stimulation. Thus, it seems unlikely that we
ware stimulating an input to or within the ve-
locity storage integrator.

Recent single-unit recording studies and
chemical lesion studies in uvula have also pro-
duced somewhat paradoxical data concerning
the role of this cerabellar lobule on oculomo-
tor function (7,16). On the one hand, strong

modulation of uvular neuronal response re-
-quired prolonged periods of vestibular or

large-field visual motion stimulation, but on

the other, the time course of this change in

neural activity did not mirror that of the build
up of nystagmaus or the decay of afternystag-
mus. Furthermore, the major effect of the
chemical lesions in the uvula was on smooth-
putsuit eye movements and not QKN or
OKAN. These data and the uvular stimula-
tions both support the notion that this lobule
is not part of or a direct input to the velocity
storage mechanism. The prolonged afternys-

-tagmus produced by stimulation at some nod-

ular sites supports the idea that this structure,
in contrast to the uvula, may be invoived in
this mechanism.

As a functional role for the uvula, we sug-
gest that it helps to maintain long term bal-
ance between the bilateral vestibular nuclei
through its direct input to vestibular neurons.
Since one demonstrated role of the vestibuiar
nuclei is velocity storage, stimulation of the
uvula might be expecied to lead to nystagmus
through modulation of neurons in these nu-
clei. We hypothesize that the uvula’s input to
vestibular nuclei neurons does not constitute
a normal velocity input pathway (for example,
like that provided by input from the nucleus
of the optic tract), but instead this structure
functions more as part of an internal regula-
tory pathway. The long-term balance hypoth-
esis would also explain the frequent production

of a secondary nystagmus by uvular stimu-

lation, Secondary nystagmus has been hy-
pothesized to reflect the influence of such a
mechanism (24).
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