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Optokinetic Stimulation Increases Corticotropin-Releasing Factor
mRNA in Inferior Olivary Neurons of Rabbits

N. H. Barmack' and W. S. Young, IlI2

Department of Ophthalmology, R. S. Dow Neurological Sciences Institute, Good Samaritan Hospital and Medical Center,
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Stimulus-specific changes in levels of corticotropin-releas-
ing factor (CRF) mRNA in inferior olivary neurons were stud-
ied in unanesthetized rabbits. The possible functional im-
portance of CRF, a neuropeptide that is expressed in all
inferior olivary neurons, in cerebellar synaptic transmission
was investigated in a subpopulation of inferior olivary neu-
rons, the caudal dorsal cap. Previous studies have shown
that unidirectional, binocular optokinetic stimulation in-
creases the level of discharge in neurons located in one of
the caudal dorsal caps of the inferior olive and decreases
the level of discharge in neurons in the opposite dorsal cap.
We investigated the influence of prolonged (1-144 hr), uni-
directional, binocular, optokinetic stimulus on the levels of
CRF mRNA in dorsal cap neurons, measured with the tech-
nique of hybridization histochemistry.

Rabbits were placed at the center of a cylindrical opto-
kinetic drum that rotated at a constant velocity of 5 deg/sec,
stimulating one eye in the posterior-to-anterior direction and
the contralateral eye in the anterior-to-posterior direction.
Posterior-to-anterior stimulation of the left eye evoked in-
creased activity of inferior olivary neurons located in the right
caudal dorsal cap. Conversely, anterior-to-posterior stimu-
lation of the right eye evoked decreased activity of neurons
in the left caudal dorsal cap.

The levels of CRF mRNA in dorsal cap neurons that were
activated by prolonged optokinetic stimulation were in-
creased by a factor of 4 to 7 after 48 hr of stimulation and
by more than a factor of 10 after 144 hr of optokinetic stim-
ulation. These optokinetically induced increases in CRF
mRNA decayed to background levels after 30 hr. Our ob-
servations implicate CRF in visual olivocerebellar function
and suggest that CRF may play a role in the plastic control
of eye movement mediated by the visual olivocerebellar sys-
tem.

The cerebellum receives afferent information from two major
classes of inputs, mossy fibers and climbing fibers. Whereas
mossy fibers originate from a number of different sources (Ito,
1984), climbing fibers (CFs) originate exclusively from the con-
tralateral inferior olivary nucleus (Fox et al., 1967; Desclin,
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1974). Each cerebellar Purkinje cell receives a projection from
a single CF terminal, which evokes a large EPSP, which in turn
evokes multiple Purkinje cell action potentials (Granit and Phil-
lips, 1956; Eccles et al., 1966).

One of the subdivisions of the inferior olive, the dorsal cap
of Kooy, consists of a group of 1500-2000 neurons that encode
visual stimulation in at least three different directions (Simpson
et al., 1981). The most caudal aspect of the dorsal cap consists
of a compact cluster of approximately 500 neurons, which en-
code horizontal optokinetic stimulation. Posterior-to-anterior
optokinetic stimulation of the left eye excites neurons in the
right caudal dorsal cap (Barmack and Hess, 1980a). Conversely,
anterior-to-posterior optokinetic stimulation of the left eye caus-
es a decreased discharge of neurons in the right caudal dorsal
cap (Fig. 1, A, B). These visually responsive neurons in the dorsal
cap have a maximal sensitivity to retinal slip velocity at 1.0
deg/sec, and this sensitivity is reduced by 50% at 0.1 deg/sec
and at 10 deg/sec (Barmack and Hess, 1980a). The axons of
these caudal dorsal cap neurons comprise part of the visual
climbing fiber projection to the contralateral flocculus and nodu-
lus (Maekawa and Simpson, 1973; Alley et al., 1975; Maekawa
and Takeda, 1976).

The visual CF projection has been implicated in the normal
control and plastic modification of reflexive eye movements
(Dufosse etal., 1978; Barmack, 1979; Barmack and Hess, 1980a,
b; Barmack and Simpson, 1980; Ito et al., 1976, 1982; Wata-
nabe, 1984). If the dorsal cap is stimulated electrically, low
velocity eye movements are evoked that outlast the duration of
the electrical stimulus (Barmack and Hess, 1980b). If the dorsal
cap is destroyed unilaterally, a permanent impairment in op-
tokinetic reflexes mediated formerly by the damaged dorsal cap
is induced (Barmack and Simpson, 1980). Prolonged unidirec-
tional optokinetic stimulation at a retinal slip velocity of 1 deg/
sec, the velocity at which visual climbing fibers are most sen-
sitive, evokes a prolonged ‘“negative optokinetic afternystag-
mus,” which can last for 100 hr (Barmack and Nelson, 1987).
These observations suggest that visual climbing fibers may, in
part, be responsible for plastic cerebellar control of reflexive eye
movements.

The role of visual climbing fibers in evoking plastic changes
in cerebellar function may be dependent on the synthesis and/
or expression of synaptic transmitter(s). Although indirect evi-
dence indicates that aspartate is an excitatory neurotransmitter
of CFs (Wiklund et al., 1982; Matute et al., 1987), corticotropin-
releasing factor (CRF), a 41-amino acid neuropeptide that was
isolated originally from bovine hypothalamus (Vale et al., 1981)
and that stimulates the release of proopiomelanocortin-derived
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Figure 1. Optokinetic stimulation and
evoked activity in olivary neurons. 4,
Illustration of the location of the dorsal
cap of the inferior olive within the rab-
bit brain stem. B, Microelectrode mul-
tineuron recording from the left dorsal
cap of an anesthetized rabbit. The right
eye was stimulated with a triangular
waveform of constant velocity of 1 deg/
sec in the posterior-to-anterior and an-
terior-to-posterior directions. The bot-
tom trace indicates the constant veloc-
ity optokinetic stimulus with respect to
the contralateral eye. Posterior-to-an-
terior stimulation caused an increase in
neuronal activity of caudal dorsal cap
neurons. C, [llustration of the stimulus
conditions for prolonged, binocular,
unidirectional optokinetic stimulation.
D, Ilustration of flexible long-term head
restraint system. Abbreviations: Sp Tr
V, spinal trigeminal nucleus; X, vagus
nucleus; XII, hypoglossal nucleus;
MAO, medial accessory olive; DAO,
dorsal accessory olive; Cun N, cuneate
nucleus; B, 8 nucleus; DC, dorsal cap;
PT, pyramidal tract; LRN, lateral re-
ticular nucleus.

peptides from the anterior lobe of the pituitary gland, may also
play a role in CF-Purkinje cell transmission. CRF has been
localized immunohistochemically to several extrahypothalamic
regions of the CNS, including the inferior olive and the cere-
bellum (Schipper et al., 1983; DeSouza, 1987; Palkovits et al.,
1987, Powers et al., 1987; Sakanaka et al., 1987a, b; Cha and
Foote, 1988; Cummings et al., 1988, 1989).

CRF mRNA also has been localized to the inferior olive using
hybridization histochemistry (Young et al., 1986a; Palkovits et
al., 1987). Receptors for CRF have been identified in the cer-
ebellum (Wynn et al., 1984; DeSouza et al., 1985; DeSouza,
1987).

If CRF were functionally important for cerebellar synaptic
transmission or for modification of synaptic transmission, one
would expect that either the transcription of CRF mRNA or
the expression of CRF in olivary neurons would be related to
neuronal activity. We have examined one of these possibilities:
the influence of naturally evoked olivary activity on the level
of CRF mRNA in olivary neurons. We have used binocular
optokinetic stimulation to alter the activity of neurons in the
caudal dorsal cap of the inferior olive (Fig. 1) and we have
examined the influence of this alteration in activity on levels of
CRF mRNA using hybridization histochemistry. We have found
that prolonged, binocular optokinetic stimulation increases levels
of CRF mRNA in neurons of the “stimulated” dorsal caps
relative to the background level of neurons in the “unstimulat-
ed” dorsal caps and relative to the background levels of CRF
mRNA in other olivary neurons.

Materials and Methods

Surgical procedures. Twenty-six pigmented rabbits, weighing 1.0-2.0
kg, were the subjects in this experiment. In preparatory operations, the
rabbits were anesthetized with intramuscular injections of ketamine
hydrochloride (50 mg/kg), xylazine (6 mg/kg), and acepromazine ma-
leate (1.2 mg/kg). Each rabbit’s head was aligned in a stereotaxic ap-
paratus so that the lambda suture was 1.5 mm above the bregma suture.
Two stainless steel screws (8-32) were anchored to the calvarium with
4 smaller, peripherally placed stainless steel screws (2-56) and dental
cement. The 2 larger screws mated with devices that were used to restrain
the rabbit’s head during optokinetic stimulation. Rabbits recovered
from surgery for at least 4 d before being exposed to prolonged opto-
kinetic stimulation.

Optokinetic stimulation. For long-term optokinetic stimulation, rab-
bits were placed in a plastic restrainer (Nalgene) with an adjustable
neckpiece. The restrainer had a stainless steel grid floor elevated above
a plastic, removable collection pan. The restrainer was mounted on a
pedestal in the center of an optokinetic cylinder with a diameter of 110
cm and a height of 115 cm. The inside wall of the cylinder was a contour-
rich pattern that rotated (clockwise) at an angular velocity of 5 deg/sec,
stimulating the left eye in the posterior-to-anterior direction (exiting
neurons in the right dorsal cap) and the right eye in the anterior-to-
posterior direction (disfacilitating neurons in the left dorsal cap) (Fig.
1C). Optokinetic stimulation initially evokes optokinetic eye move-
ments with an average velocity of 4 deg/sec, thereby creating a retinal
slip velocity of 1 deg/sec (Erickson and Barmack, 1980).

During optokinetic stimulation, the head of the rabbit was aligned
within the optokinetic cylinder in the horizontal plane by a spring-
loaded flexible coupling that was attached to the rabbit restrainer and
that had holes that mated with the surgically implanted bolts on the
calvarium (Fig. 1D). This flexible coupling system permitted move-
ments of the head in the sagittal plane but prevented the potentially
confounding influence of optokinetically evoked horizontal head move-



ments. The flexible coupling also maintained the head in a relatively
constant orientation with respect to earth horizontal (Barmack and Nel-
son, 1987). The alignment of the head within the optokinetic cylinder
was critical, since even slight misalignments resulted in vertical as well
as horizontal optokinetic stimulation. In electrophysiological experi-
ments, slight misalignments of the head caused changes in olivary dis-
charge in rostral regions of the dorsal cap during horizontal optokinetic
stimulation. These same neurons responded optimally to vertical op-
tokinetic stimulation. The sign of this horizontally evoked change in
activity could be reversed by altering the angle of pitch of the rabbit’s
head by 2-4 deg (unpublished observations).

The method of restraint used in this experiment caused no pressure
on any part of the body. It permitted partial movement of the head in
the sagittal plane, and it permitted vertical and lateral movement of the
body. The rabbit was able to maintain its normal posture, with all four
paws in contact with the support surface. The EKG and respiratory rate
of several rabbits were monitored during the experiment and remained
within the normal range of 180-220 beats/min and 30-50 breaths/min.
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Figure 2. The location of optokineti-
cally evoked increases of CRF mRNA
in the caudal dorsal cap of the inferior
olive. 4, An illustration of the rostral-
caudal extent of the dorsal cap. B, X-ray
films taken of six, 14-um, serial sections
through the caudal inferior olive of
a- R121. This area corresponds to the
shaded region of the dorsal cap illus-
trated in 14. These sections are spaced
28 um apart and are numbered from
most caudal (/) to most rostral (6). The
rabbit received 43 hr of binocular op-
tokinetic stimulation in the posterior—
anterior direction with respect to the
left eye. The increase in grain density
over the right dorsal cap corresponds
to a 440% increase in levels of CRF
mRNA in neurons of the right dorsal

imm cap. Scale bars, 1 mm.

Both rates accelerated if the rabbit was disturbed from its normal state
of quiet rest by an unexpected stimulus.

During optokinetic stimulation, the rabbits were removed from the
apparatus every 8 hr, weighed, and given food and water. They were
returned to the testing apparatus after 2030 min. The feeding period
was terminated only when ‘the rabbits had finished feeding and had
withdrawn to the rear of the feeding cage. This feeding regimen of 20—
30 min every 8 hr was sufficient for the rabbits to maintain body weight,
which was measured three times each day. Rabbits easily adapted to
this modified restraint and evinced no behavioral signs that would in-
dicate a reluctance to resubmit to restraint after a brief hiatus for food
and water.

One might expect that prolonged optokinetic stimulation would in-
duce nausea in the stimulated rabbits. However, rabbits lack an emetic
reflex. Furthermore, their ingestion of ordinary rabbit food was undi-
minished by prolonged stimulation. Prolonged stimulation did produce
some postural changes when the rabbits were released from the opto-
kinetic drum, including transient circling behavior in the direction op-
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Figure 3. Optokinetically induced in-
crease in CRF mRNA in caudal dorsal
cap revealed by darkfield photomicro-
graph of an emulsion-coated brain-stem
section. R126 received 37 hr of bin-
ocular optokinetic stimulation in the
posterior to anterior direction with re-
spect to the left eye, causing a 360%
increase in levels of CRF mRNA in the
right dorsal cap. 4, B, Brightfield and
darkfield views of the same tissue sec-
tion are shown. The finer spatial reso-
lution of the emulsion demonstrates
clustering of silver grains over individ-
ual olivary neurons. Scale bar, 200 upm.

posite to the drum rotation. This circling behavior disappeared after 1-
3 min and was replaced by slow ocular and head nystagmus, which
lasted 1-30 min. The nystagmus could be suppressed by rabbits as they
were eating and drinking.

Hybridization histochemistry. At the conclusion of optokinetic stim-
ulation, rabbits were anesthetized (sodium pentobarbital, 60 mg/kg).
The brains were quickly removed and frozen in isopentane cooled on
dry ice. Frozen brain sections (12-14 ym) were cut on a cryostat, thaw-
mounted onto slides, and hybridized with a **S-labeled oligonucleotide
probe for CRF, which was complementary to the coding region for
amino acids 22-37 of rat CRF (Young et al., 1986b). The CRF probe
had a specific activity of 0.5-1.5 x 10* Ci/mmol and was dissolved in

the hybridization buffer at 1 x 10® dpm/50 ul. The complex buffer
contained 4 x SSC (1 x SSC = (.15 M sodium chloride and 15 mm
sodium citrate, pH 7.2) and 50% formamide. Hybridization was per-
formed 20-24 hr at 37°C. The washes were performed in 2 x SSC and
50% formamide at 40°C over 1 hr, with four changes. The density of
silver grains on the x-ray film images of these sections was subsequently
analyzed with a computer-based Loats image analysis system (West-
minster, MD; Young et al., 1986b). Quantification of the amount of
CRF probe hybridized to each section through the dorsal cap was achieved
by codeveloping sections of brain paste standards of equal thickness
containing known concentrations of **S (Young et al., 1986b; Lightman
and Young, 1987). The baseline, unstimulated level of CRF probe that
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Figure 4. Absence of change in levels of CRF mRNA in caudal dorsal cap neurons in an optokinetically unstimulated rabbit. R151 was restrained
within the optokinetic drum for a period of 48 hr. While the rabbit was in the drum, pingpong ball hemispherical occluders were suspended over
each eye, preventing optokinetic stimulation. 4, Photomicrograph of brain stem at the level of the caudal dorsal cap. B, X-ray films taken from
four sections spaced about 200 pm apart in the caudal (1) to rostral (4) levels. Section 2 corresponds to the level at which the photomicrograph

was taken. Scale bars, 500 um.

was hybridized to the region of the caudal dorsal cap taken from a rabbit
that did not receive optokinetic stimulation was 7700 + 372 copies (+
SEM, R151; see Fig. 4). Measurements were taken over four regions of
brain stem sections that encompassed the caudal inferior olive: the left
and right dorsal caps and the left and right medial accessory olives. The
measurements of these circumscribed regions within each histological
section (dorsal cap, medial accessory olive) were multiplied by the area
ofeach region before obtaining ratios of different regions. Thisaccounted
for the known greater spread of autoradiographic signal at higher con-
centrations of radioactivity. Ratios of dorsal cap measurements were
compared across different rabbits because of rabbit-to-rabbit variability
in hybridization values from the medial accessory olive. This variability
could be due to tissue section thickness, postmortem dissection time,
and duration of storage.

In two experiments, the slides on which brain sections were mounted
were coated with a photographic emulsion, NTB3 (Eastman Kodak,
Rochester, NY). These slides were stored for 2 weeks before they were
developed.

Results

Optokinetically evoked increase in levels of CRF mRNA in
dorsal cap neurons

Binocular, unidirectional optokinetic stimulation at a stimulus
velocity of 5 deg/sec caused an increase in levels of CRF mRNA
in neurons in the caudal dorsal cap that was contralateral to the
eye that was stimulated in the posterior-to-anterior direction
(Figs. 2, 3). Although there was a relative increase in CRF mRNA
in the caudal dorsal cap contralateral to the eye that received
posterior-to-anterior optokinetic stimulation, there was no stim-
ulus-evoked relative decrease in the ipsilateral caudal dorsal cap.
This was determined by measuring level of probe hybridized in
each dorsal cap relative to that in the adjacent medial accessory
olive. The level of probe hybridized over the unstimulated dor-
sal cap relative to that over medial accessory olive in rabbits
that had received at least 12 hr of unidirectional binocular op-
tokinetic stimulation was 1.08, SD = 0.29, n = 17. The cellular
composition of the caudal dorsal cap is much more homoge-

neous and its boundaries are much more distinct than are those
of the medial accessory olive. Consequently, measurements of
probe hybridized over the dorsal caps were less variable than
measurements of either the medial accessory olives. Measure-
ments reported here are ratios of probe hybridized over the
stimulated dorsal cap relative to the unstimulated dorsal cap.

Optokinetically evoked increases in levels of CRF mRNA in
the caudal dorsal cap were not observed in rabbits that were
restrained within the optokinetic drum while wearing pingpong
ball optical occluders and, therefore, received no optokinetic
stimulation (Fig. 4). If the direction of rotation of the optokinetic
drum was changed from clockwise to counterclockwise so that
the right eye was stimulated in the posterior-to-anterior direc-
tion and the left eye was stimulated in the anterior-to-posterior
direction, the increased levels of CRF mRNA appeared over
the /efi dorsal cap.

In 2 initial experiments before the flexible head coupling was
adjusted to obtain the optimal horizontal orientation of the
heads of the rabbits in the sagittal plane, the heads of the rabbits
were tilted nose-up by approximately 7 deg. In these cases,
horizontal rotation of the optokinetic drum provided a down-
ward vertical component to the visual field of the left eye and
an upward vertical component to the visual field of the right
eye. This misaligned optokinetic stimulus not only caused in-
creased CRF mRNA in the caudal right dorsal cap but also
caused increased CRF mRNA about 600 yum more rostral in
the left dorsal cap, ipsilateral to the eye stimulated in the pos-
terior-to-anterior direction (Fig. 5). Neurons of this region have
vertically directionally selective components in the structure of
their optokinetic receptive fields (Leonard et al., 1988).

Three other oligonucleotide probes were made that success-
fully identified mRNAs of somatostatin, galanin, and enkepha-
lin in the brains of rats but did not label cells in the inferior
olive above background activity (Fig. 6). The somatostatin probe
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Figure 5. Optokinetically evoked changes in levels of CRF mRNA in caudal and rostral dorsal cap neurons. R120 received 22 hr of unidirectional,
binocular optokinetic stimulation that was posterior-to-anterior with respect to the left eye. However, the flexible head coupling was misaligned,
producing a 7 degree nose-up head tilt. This misalignment produced a downward vertical component to the posterior-to-anterior optokinetic
stimulation of the left eye and an upward vertical component to the anterior-to-posterior optokinetic stimulation of the right eye. 4, Brain-stem
section at the level of the caudal dorsal cap. Inser shows X-ray films at level of the caudal dorsal cap. Note increased silver grain density over the
left dorsal cap. B, Brain-stem section at the level of the rostral dorsal cap near the ventrolateral outgrowth. Note the increased silver grain density
over the right dorsal cap.
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Figure 6. Absence of labeling of inferior olivary ncurons by oligonucleotide probes for somatostatin, galanin, and enkephalin. The probe for
somatostatin (4) labeled cells in the trigeminal complex and cuneate nucleus. The galanin probe (B) labeled cells in the tractus solitarius-vagal
complex. This area is shown in higher magnification in D. The probe for enkephalin (C) did not cause any labeling above background levels. The
area of the inferior olive that corresponds to the level of the brain stem represented in the X-ray films was at the level of the caudal dorsal cap

(£).

labeled cells in the spinal trigeminal complex and cuneate nu-
cleus (Fig. 64). The probe for galanin labeled cells in the nucleus
tractus solitarius—vagal complex at the level of the caudal dorsal
cap (Fig. 6B8). The enkephalin probe did not label any structure
at the level of the caudal dorsal cap (Fig. 6C). A messenger sense
vasopressin probe of the same length and similar guanine—cy-
tosine content as the CRF mRNA probe also failed to label cells
in the inferior olive above background activity.

Time course of optokinetically induced increase in CRF
MRNA in dorsal cap neurons

Six hours of binocular unidirectional optokinetic stimulation
were necessary in order to detect any change in the labeling of
caudal dorsal cap neurons by the CRF probe. After 48 hr of
optokinetic stimulation, there were 4-7-fold increases in levels
of CRF mRNA in the stimulated caudal dorsal caps. After 140

hr of optokinetic stimulation, there was a 10-fold increase in
levels of CRF mRNA in the stimulated dorsal cap (Fig. 7). These
optokinetically evoked increases in levels of CRF mRNA in the
stimulated dorsal cap were nonmonotonic. After approximately
96 hr of binocular optokinetic stimulation, the level of CRF
mRNA actually decreased. This decrease could be attributed to
a change in the optokinetically evoked eye movements, which
in turn influenced the retinal slip velocity of the optokinetic
stimulus. After 48 hr of stimulation, the gain of the optokinetic
reflex decreased, and in some cases a reversed nystagmus (neg-
ative optokinetic afternystagmus) was evoked even though the
optokinetic drum remained illuminated (Barmack and Nelson,
1987). This nystagmus prevented a constant retinal slip velocity
of 1 deg/sec, the velocity at which dorsal cap neurons are max-
imally sensitive, from being maintained (Barmack and Hess,
1980a).
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Figure 7. Time course of the induction of the CRF mRNA increase.
The ratio of hybridized CRF probe in neurons of the optokinetically
stimulated and unstimulated dorsal caps is shown as a function of the
duration of the binocular optokinetic stimulation. Each data point rep-
resents measurements from five or six brain-stem sections from one
rabbit.

Decay of increased levels of CRF mRNA in dorsal cap neurons

Having observed a 4-7-fold increase in levels of CRF mRNA
in dorsal cap neurons after 48 hr of optokinetic stimulation, we
attempted to measure the time course of decay from this ele-
vated level in the absence of further optokinetic stimulation.
Rabbits were optokinetically stimulated for a fixed time (44-48
hr). Pingpong ball occluders were then placed over the eyes of
the restrained rabbit for a variable period of time, providing a
relatively contour-free visual field with the same ambient illu-
mination and preventing additional optokinetic stimulation.
There was a rapid decrease in the levels of CRF mRNA in the
stimulated dorsal cap during the first 10 hr after termination of
optokinetic stimulation (Fig. 8). The levels of CRF mRNA in
the stimulated and disfacilitated dorsal caps were nearly equal
24-30 hr after the termination of optokinetic stimulation.

Discussion

Optokinetically evoked increases in CRF mRNA:
methodological considerations
Optokinetic stimulation evokes large changes in CRF mRNA
in a population of neurons in the caudal dorsal cap of the inferior
olive even when such stimulation only modestly increases the
normally low spontaneous discharge rate of CFs from 1-2 im-
pulses/sec to 3 impulses/sec. Three lines of evidence suggest
that the oligonucleotide probe that was used was specific for
CRF mRNA. First, the distribution of regions of the brains of
rabbits, rats, and humans in which this probe has been identified
as containing CRF mRNA agrees with the distribution of neu-
rons that have been identified with immunocytochemical tech-
niques (Schipper et al., 1983; DeSouza, 1987; Palkovits et al.,
1987; Powers et al., 1987; Sakanaka ¢t al., 1987a, b; Cummings
et al., 1988). Second, oligonucleotide probes for galanin, so-
matostatin, and enkephalin failed to label cells in the inferior
olive (Fig. 6). Third, using a messenger sense vasopressin probe
of the same length and similar guanine—cytosine content as the
CRF mRNA probe, no signal was observed above a homoge-
neous background level.

The minimum duration of optokinetic stimulation necessary

Mean OKN stimulation = 47 hrs
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Figure 8. Decay of induced increase of CRF mRNA following a con-
stant period of binocular optokinetic stimulation. Rabbits were exposed
to a constant duration of optokinetic stimulation of 44—48 hr. Further
optokinetic stimulation was prevented by placing pingpong ball occlud-
ers over the eyes of the rabbits. After a variable period of time, the
rabbits were killed, and the decay in the relative levels of hybridized
CREF probe in the dorsal caps was determined.

for evoking increases in CRF mRNA appears to be 6 hr. At
present, we have not found a stimulus duration at which the
optokinetically evoked increase reaches an asymptotic value. It
is likely that further increases in the duration of optokinetic
stimulation would evoke even larger increases in the level of
CRF mRNA in the stimulated dorsal cap.

Obviously, improvements in the conditions of stimulation
would help to reduce some of the variability in the data that
has been collected. For example, it would be possible to use
feedback from an eye position signal to control the movement
of the optokinetic drum and thereby control the exact retinal
slip velocity of the optokinetic pattern on the retina. It might
also be possible to monitor the state of consciousness of the
rabbits that receive prolonged continuous optokinetic stimu-
lation. Nevertheless, even without these experimental refine-
ments, the optokinetically evoked increase in levels of CRF
mRNA suggests that this neuropeptide plays an important role
in olivocerebellar synaptic transmission.

At present, we do not know whether the optokinetically in-
creased levels of CRF mRNA can be attributed to increased
transcription or decreased degradation of CRF mRNA. A nu-
clear runoff transcription assay would be necessary to detect
changes in transcription. However, this technique is inappro-
priate for in vivo experimentation and requires, at a minimum,
5 x 10¢ nuclei (Greenberg, 1989). The caudal dorsal cap con-
tains only 5 x 102 neurons.

Possible mechanisms underlying optokinetically evoked
increased CRF mRNA levels

A greater understanding of the cellular transduction mecha-
nisms that cause elevated levels of CRF mRNA depends on
more controlled experimental conditions in which it would be
possible to identify and modify concentrations of neurotrans-
mitters that are released by presynaptic terminals on olivary
neurons during optokinetically induced excitation. Alternative-
ly, it is possible that the transduction is a more general electro-
genically mediated phenomenon, which is independent of spe-
cific synaptic transmitters. For example, it would be of interest
to learn if an increase in levels of CRF mRNA could be evoked



by antidromic activation of climbing fibers at the level of the
cerebellum.

Possible role of CRF in olivocerebellar plasticity

If the optokinetically evoked increase in levels of CRF mRNA
is accompanied by a similar increase in the expression of CRF
at climbing fiber terminals, it is possible that the release of this
peptide and its binding to CRF receptors on Purkinje cells (Wynn
et al., 1984; DeSouza et al., 1985; DeSouza, 1987) might con-
tribute to both the short-term and long-term CF-evoked mod-
ulation of the discharge of Purkinje cells and to the consequent
plasticity of eye movements evoked by visual olivocerebellar
activity.

Although cerebellar Purkinje cells are endowed with CRF
receptors, the mechanisms by which altered expression of CRF
could influence either immediate or long-term Purkinje cell ac-
tivity is not understood. The exogenous application of CRF onto
pyramidal cells in hippocampal tissue slices appears to cause
an increase in the spontaneous discharge rate by reducing after-
hyperpolarizations (Aldenhoff et al.,, 1983). Intraventricular
injections of CRF in the anesthetized rat also increase the spon-
taneous discharge rate of neurons in the locus coeruleus (Val-
entino and Foote, 1988). However, in neither of these instances
is it certain that the CRF-evoked increases in discharge rate
were CRF receptor-mediated. In frontal cortex, as well as the
amygdala, CRF receptors appear to be coupled to adenylate
cyclase (Wynn et al., 1984), but the functional role of adenylate
cyclase in either short-term or long-term signal transduction
remains speculative,

It is possible that CRF could influence the responses of cer-
ebellarPurkinje cells mediated by receptors for other synaptic
transmitters that may be coreleased with CRF. For example,
cerebellar Purkinje cells are endowed with quisqualate receptors
(Kano et al., 1988; Kano and Kato, 1988). When glutamate is
iontophoretically applied to Purkinje cells in conjunction with
climbing fiber input, there is a subsequent long-term depression
(LTD) of Purkinje cell responses to iontophoretically applied
glutamate or to responses evoked by electrical stimulation of
parallel fibers (Crepel and Krupa, 1988; Kano et al., 1988; Kano
and Kato, 1988). This LTD also can be induced in vitro in
immature rat cerebella by the application of phorbol esters, in
conjunction with iontophoretic application of glutamate, pre-
sumably through a phorbol ester-induced activation of protein
kinase C (Crepel and Krupa, 1988). At least four different sub-
types of protein kinase C are expressed in the mammalian cer-
ebellum (Coussens et al., 1986; Knopf et al., 1986; Brandt et
al., 1987; Huang et al., 1987a, b; Shearman et al., 1987; Hidaka
et al., 1988; Young, 1988). These observations suggest both
specific receptors and cellular transduction mechanisms that
would be worth further examination with regard to the possible
action of CRF on Purkinje cells.
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