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ABSTRACT

Neurons in the reticular formation respond to vestibular stimulation. Using
extracellular recording, we characterized the responses of neurons in a restricted region
of the reticular formation, the medial aspect of the caudal nucleus reticularis
gigantocellularis (NRGc). Most neurons in the medial aspect of the caudal NRGc
have increased activity with static roll tilt to the contralateral side. This response
polarity is opposite to that of vestibular nucleus responses. Over half of these also
responded to transient vestibular stimulation. At least one quarter of vestibularly
responsive neurons have a response phase that varies with the orientation of the
stimulus plane (“variable phase” neurons) suggesting convergence of spatially and
temporally differing inputs. This proportion of “variable phase” neurons is higher than
that observed in the vestibular nuclei indicating that some convergence of vestibular
inputs occurs in the medial NRGc.

Since input from the two vertical semicircular canals is topographically
organized in both the B-nucleus of the inferior olive and the uvula/nodulus of the
cerebellum, we were interested in testing whether vestibular information is
topographically organized in the NRGe. We compared the location of each neuron to
its response characteristics, i.e., response to static tilt and optimal response plane. We
were not able to identify a topographical organization of vestibular information in this
nucleus.

To examine the pathways that transmit vestibular information to the NRGc, we

used injections of phaseolus leucoagglutinin into the medial and descending vestibular
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nuclei (MVN and DVN). We identified fibers extending from the MVN and DVN and
filled terminals bilaterally in the medial NRGe. Projections extend from the MVN and
DVN in two distinct fiber tracts. Fibers in these tracts appear to terminate among three
groups of neurons adjacent to these tracts. Using horseradish peroxidase (HRP)
injections into the medial NRGce, we demonstrated that the projection from the DVN is
primarily ipsilateral while that from the MVN is primarily contralateral. We also
identified glutamic acid decarboxylase-positive varicosities in the region of the fiber
tracts suggesting that the projection from the MVN and DVN is GABAergic. Using
HRP injections into the vestibulocerebellum, the medial vestibular nucleus and nucleus
prepositus hypoglossi, we identified the locations of neurons in the medial NRGc that
project to these nuclei. These anatomical findings may be useful in further exploration
of the organization of vestibular information in the nucleus on a more localized level.
NRGc neurons are known to project to the spinal cord and to have strong
effects on motoneurons. Our results together with these previous findings suggest that

the medial NRGc may play an important role in molding postural.
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INTRODUCTION

Sensory systems of vertebrates convey a wide range of specific information
about the environment and forces of the environment acting on the animal. However,
the specific information encoded by a sensory system or set of systems in response to a
particular set of stimuli must first be segregated and combined for the control of the
appropriate muscles.

This research is concerned with the processing of vestibular information for the
control of posture. One aspect of postural control that has received attention is the
stabilization of the head. For the stabilization of the head, the vestibular end organs
provide sensory information about the spatial and temporal aspects of the position and
movements of the head (Lowenstein and Sand, 1940b; Lowenstein and Sand, 1940a;
Lowenstein and Roberts, 1949). This information is used by various postural reflexes
controlling neck, back and limb muscles (Schor and Miller, 1995; Wilson and Maeda,
1974; Bolton et al. 1992a; Schor and Miller, 1981; Wilson et al. 1979; Bilotto et al.
1982; Wilson et al. 1990a). For example, during the vestibulocollic reflex, the
appropriate neck muscles must be selected to counteract the forces of gravity or the
movement of the head and to control the timing of each muscle to initiate correction of
head movement, to control for overshoot of this head movement. Neck and other
postural muscles are controlled by vestibulospinal and reticulospinal input to motor

neurons (Wilson and Yoshida, 1969; Roucoux et al. 1989; Hayes and Rustoni, 1981;



Peterson et al. 1978; Peterson et al. 1980; Peterson et al. 1979; Wilson et al. 1979;
Bilotto et al. 1982).

We have examined the responses of neurons in the reticular formation to natural
vestibular stimulation. We focused our attention on a limited region of the reticular
formation, the medial aspect of the caudal nucleus reticularis gigantocellularis (NRGc),
addressing the following questions. From which peripheral vestibular organs do the
vestibular responses of NRGc neurons originate? Is vestibular information
topographically organized in this nucleus? What pathways convey vestibular
information to the NRGc? What kind of processing of vestibular information in
preparation for motor control might take place in the NRGc?

This introduction provides an overview of current ideas about the pathways that
convey vestibular information, segregation and topography of vestibular information in
the central nervous system, the vestibulocollic reflex, the transformation of vestibular
information by convergence of inputs, and the role of the reticular formation in

vestibular function.

Pathways and transmitters of the vestibular system

Vestibular information for the control of motor functions is conveyed in several
pathways (Fig. 1). Primary vestibular afferents terminate in the vestibular nuclei (Stein
and Carpenter, 1967; Walberg and Bowsher, 1958; Gacek, 1969). The transmitter for
primary vestibular afferents has not been identified conclusively but is probably

glutamate (Takeda and Maekawa, 1980; Raymond et al. 1984). Neurons in the lateral



FIG. 1. Transmitter-specific pathways of the vestibular system. Direct vestibulomotor
pathways are indicated by solid lines. Pathways through the cerebellum are indicated
by dashed lines. Abbreviations: DVN, descending vestibular nucleus; FN, fastigial
nucleus; MVN, medial vestibular nucleus; NPH, nucleus prepositus hypoglossi; NRGc,
nucleus reticularis gigantocellularis; RST, reticulospinal tract; SG, scarpa’s ganglion;
VST, vestibulospinal tract; IX, cerebellar lobule IX or uvula; X, cerebellar lobule X or
nodulus.



and descending vestibular nuclei project in the vestibulospinal tract to neurons in the
spinal cord motor nuclei (Minor et al. 1990; Rose et al. 1992; Coulter et al. 1979;
Petras, 1967; Wilson and Peterson, 1981; Manzoni, 1988).

Neurons in all four of the vestibular project to the reticular formation (Ferraro
et al. 1940; Ladpli and Brodal, 1968; Brodal, 1972; Brodal, 1974). Fibers from the
vestibular nuclei have been traced to nuclei in the reticular formation including: the
nuclei reticularis pontis oralis (NRPO) and caudalis (NRPC), gigantocellularis (NRGc),
and parvicellularis (NRPc) (Ferraro et al. 1940; Ladpli and Brodal, 1968). The
transmitter for the projection from the vestibular nuclei to the reticular formation has
not been identified.

Neurons in the reticular formation convey information to motor nuclei in
the spinal cord. Reticulospinal neurons are located predominantly in the NRGc and
NRPC but are also found in the nuclei reticularis ventralis (NRV) and lateralis (NRL)
(Valverde, 1961). Axons of neurons in the dorsal NRGc of rat project to the spinal
cord in the ventral reticulospinal tract and those in the ventral NRGc project in the
ventrolateral reticulospinal tract (Zemlan et al. 1984). Axons of neurons in the nucleus
reticularis ventralis and the nucleus reticularis magnocellularis project in the lateral
reticulospinal tract.

Vestibular information is also conveyed to the cerebellum. More than 70% of
primary vestibular afferents project as mossy fibers to the cerebellar nodulus
terminating in the granule cell layer (Barmack et al. 1993a). Ionotropic glutamate

receptors are expressed by vestibular nuclear neurons as well as in cerebellar granule



cells and Purkinje cells (Smith and Darlington, 1988; De Waele et al. 1990; Doi et al.
1990; Smith and Darlington, 1991; Petralia and Wenthold, 1992; Gallo et al. 1992;
Danbolt et al. 1992; Martin et al. 1993). Secondary vestibular afferents from the
medial and descending vestibular nuclei also project to the uvula/nodulus and the
flocculus of the cerebellum as well as to both the ipsilateral B-nucleus and bilaterally to
the dorsomedial cell column (dmcc) of the inferior olive (Olson et al. 1987; Walberg,
1974; Saint-Cyr and Courville, 1979; Barmack et al. 1992a; Barmack et al. 1992b;
Barmack and Fagerson, 1994). The transmitter for the projection from the MVN and
DVN to the inferior olive is y-aminobutyric acid (GABA) while one of the transmitters
to the cerebellum is acetylcholine (Nelson et al. 1986; Nelson et al. 1989; Barmack et
al. 1992a; Barmack et al. 1992b).

Neurons in both the B-nucleus and the dmce project as climbing fibers to the
cerebellum terminating on Purkinje cells in the contralateral uvula/nodulus (Maekawa
and Simpson, 1973). The transmitter for these pathways is probably glutamate (Matute
et al. 1987; Wiklund et al. 1982). Corticotropin releasing factor (CRF) is also released
by these projections to the uvula/nodulus (Wynn et al. 1984; DeSouza et al. 1985;
DeSouza, 1987; Mugnaini and Nelson, 1989; Barmack and Young, III, 1990).

The fastigial nucleus receives input from neurons in the vestibular nuclei as well
as GABAergic input from Purkinje cells in the uvula/nodulus (Najlerahim et al. 1990;
Schiffmann and Vanderhaeghen, 1990). The transmitter for the projection from the

vestibular nuclei has not been identified.



Neurons in the vestibular nuclei, the cerebellar uvula/nodulus and the fastigial
nucleus as well as in the B-nucleus and dmcc of the inferior olive respond to vestibular
stimulation (Barmack et al. 1993b; Barmack, 1987; Barmack and Fagerson, 1994).
The predominant response to stimulation in vertical planes of neurons in the vestibular
nuclei, the uvula/nodulus and the fastigial nucleus is increased activity during tilt to the
ipsilateral side while that of neurons in the B-nucleus and dmcc of the inferior olive is
increased activity during tilt to the contralateral side (Barmack et al. 1993b). The
reversed polarity of the responses of neurons in the B-nucleus and dmcc is likely a

result of the inhibition resulting from the release of GABA in this nucleus.

Segregation and topography of vestibular information

Sensory information must be retained in an organized fashion for it to be used
effectively in motor control. Retention of vestibular sensory information in an
organized fashion has been demonstrated in several nuclei. Following lesions of the
vestibular ganglia of monkey, fiber degeneration in the medial and descending
vestibular suggests an organization of information from individual vestibular organs
(Stein and Carpenter, 1967; Gacek, 1969; Lowenstein and Roberts, 1949). Ipsilateral
semicircular canal information is represented in the superior vestibular nucleus (SVN)
and the rostral MVN and DVN. Otolith input is also represented caudal to that from
the semicircular canals and extends caudally throughout most of the length of these
nuclei. Input from the utriculus terminates in the medial DVN while input from the

sacculus terminates in the lateral DVN.
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Secondary vestibular input to the B-nucleus of the inferior olive retains the
segregation of anterior and posterior canal information (Barmack et al. 1989; Barmack
et al. 1993b). Extracellular recordings in rabbit B-nucleus during vertical vestibular
stimulation demonstrated that the optimal response planes of neurons in the rostral B-
nucleus are close to the plane of the ipsilateral posterior semicircular canal while the
optimal response planes of neurons in the caudal B-nucleus are close to the plane of the
ipsilateral anterior semicircular canal.

A similar organization of vertical canal information has also been identified in
climbing fiber responses in the cerebellar uvula/nodulus of rabbit (Sato and Barmack,
1985; Barmack and Shojaku, 1992; Barmack and Shojaku, 1995). During natural
vestibular stimulation, the optimal response planes of climbing fiber responses of
Purkinje cells in a medial sagittal strip on the ventral surface of the uvula and in the
nodulus were located in the plane of the ipsilateral posterior semicircular canal,
whereas the optimal response planes of Purkinje cells in a more lateral sagittal strip
were located in the plane of the anterior semicircular canal. Visual stimulation in
vertical planes coinciding with the planes of the anterior or posterior canal also
resulted in climbing fiber responses in the lateral or medial strip, respectively (Sato and
Barmack, 1985; Barmack and Shojaku, 1992; Barmack and Shojaku, 1995).
Horizontal visual stimulation in the posterior—anterior direction was represented in
cells in the ventral nodulus between the medial and lateral strips containing vertical

canal information. Thus, two modes of sensory input are combined in these cerebellar



sagittal strips but each mode is segregated based on the directional content of the

information.

Vestibular contribution to head stabilization

Vestibular information contributes to the stabilization of the head through the
vestibulocollic reflex. This reflex coordinates with the cervicocollic reflex that
responds to proprioceptive input from neck muscles. The two reflexes stabilize the
head by stimulating neck muscles to oppose movement of the head or the force of
gravity (Wilson et al. 1979; Bilotto et al. 1982; Dutia and Price, 1987; Goldberg and
Peterson, 1986; Peterson et al. 198; Wilson et al. 1990b; Wilson et al. 1990a).
Voluntary control also contributes to the stabilization of head position (Keshner et al.
1992b; Keshner et al. 1992a).

Neck muscles respond to stimulation of vestibular afferents (Wilson and
Maeda, 1974; Wilson et al. 1979; Baker et al. 1985; Bolton et al. 1992a).
Experiments using stimulation of individual ampullar nerves, while recording
intracellularly from neck extensor motoneurons in cat, indicate that neck muscles
receive both excitatory and inhibitory input from several canals (Wilson and Maeda,
1974). Some neck muscles, biventer cervicus and complexus, are maximally excited
by stimulation of both anterior semicircular canals. Similar experiments using
stimulation of the utricular nerve, indicate that neck motoneurons receive disynaptic

excitatory and tri- or polysynaptic inhibitory input from the utriculus (Bolton et al.
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1992a). The motoneuron responses in these experiments were functionally appropriate
to counteract a head movement suggested by the nerve stimulated.

The phase lag and the gain of neck muscle electromyographic (EMG) activity
decreased as the frequency of sinusoidal polarizing current applied to individual
ampullary nerves increased (Wilson et al. 1979). On the other hand, simultaneous
extracellular recordings in the vestibular nuclei indicated that the response of vestibular
nuclei neurons followed the stimulus as the frequency of stimulation was increased,
with the phase of the response approximately in phase with the stimulus. The gain of
the vestibular neuronal responses increased with increases in frequency rather than
decreasing as was observed in the muscle EMG. This difference between the muscle
responses and vestibular neuron responses and the similarity of vestibular responses to
the stimulus profile indicates that a transformation of the timing of vestibular

information must occur in pathways to neck muscles beyond the vestibular nucleus.

Other transformations of vestibular information

Another transformation of vestibular information occurs in the pathway from
the vestibular organs to neck muscles. A combined spatial and temporal transformation
of vestibular information was demonstrated in EMG activity in individual neck muscles
during natural vestibular stimulation (Baker et al. 1985). The optimal response plane
of stimulation was identified for each neck muscle at stimulus frequencies above 0.5
Hz. At low frequencies of stimulation in vertical planes, the optimal response plane

was poorly defined because the response phase shifted with changes in the orientation
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of the stimulus plane. These data were taken to indicate that neck muscle responses
were generated by convergence of input from two sources with differing spatial and
temporal characteristics. The phenomenon was termed spatiotemporal convergence
(STC) and was assumed to be the result of convergence of vertical canal and otolith
inputs.

A spatial transformation also occurs in the transmission of vestibular
information to neck muscles. Some muscles are maximally activated in pitch planes
and some neck motoneurons receive input from the two anterior canals (Wilson and
Maeda, 1974; Baker et al. 1985).

Since the discovery of spatial and temporal transformations, experiments have
focused on identifying the level at which these transformations take place (Baker et al.
1984b; Baker et al. 1984a; Wilson et al. 1990b; Wilson et al. 1992; Peterson et al.
1992; Bolton et al. 1992b; Graf et al. 1993; Endo et al. 1994). Explorations have
taken place in the vestibular nuclei, the reticular formation, and in spinal cord
commissural neurons with the goal of finding neurons with properties that indicate a
spatial convergence such as that of two canals across the midline (e.g., right anterior +
left anterior) or a spatial and temporal convergence such as convergence of canal and
otolith input (Wilson et al. 1990b; Bolton et al. 1992b; Endo et al. 1994). There was
no evidence of significant convergence between the two anterior or the two posterior
canals at any of these levels. There was evidence for spatiotemporal convergence in
small fraction of vestibular nucleus neurons (9%) and in meduliary reticular formation

neurons (10%) (Wilson et al. 1990b; Bolton et al. 1992b). However, since
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spatiotemporal convergent behavior is so prominent in the vestibulocollic reflex, a
larger fraction of spatiotemporal convergent neurons was expected. These results have
led to the conclusion that significant convergence occurs at a point closer to the motor

neuron.

Role of the reticular formation in vestibular functions

The reticular formation is appropriately positioned in the vestibulomotor
pathways to provide the substrate for the convergence of vestibular information to
control muscles (Fig. 1).

The reticular formation receives vestibular input. Evidence from both
galvanic stimulation of vestibular afferents and from natural vestibular stimulation
experiments indicate that the reticular formation receives vestibular information. First,
the reticular formation receives both di- and polysynaptic input from vestibular
afferents (Peterson et al. 1975a; Peterson and Abzug, 1975; Nauta and Kuypers, 1958;
Peterson et al. 1980). With stimulation of the vestibular nerve, short latency IPSPs
were concentrated in the dorsorostral NRGc while short latency EPSPs were distributed
throughout this nucleus (Peterson et al. 1975a). Neurons identified as reticulospinal
neurons received only short latency EPSPs but not IPSPs. When stimulation was
applied to the vestibular nuclei on the same side similar responses were usually evoked
(Peterson and Abzug, 1975). Vestibular neurons could also be activated antidromically

by stimulation of the contralateral medial reticular formation. However, many reticular
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neurons receiving input from the vestibular nuclei do not receive vestibular information
since they could not be activated by stimulation of the vestibular nerve.

Second, neurons in the reticular formation respond to natural vestibular
stimulation of both the semicircular canals and the otoliths (Duensing and Schaefer,
1960; Orlovsky and Pavlova, 1972; Fukushima et al. 1977; Manzoni et al. 1983; Spyer
et al. 1974; Bolton et al. 1992b). Neurons that responded to horizontal rotation were
located near the boundary of the nucleus prepositus hypoglossi in the dorsal brainstem
and concentrated just caudal to the abducens nucleus (Fukushima et al. 1977). Neurons
in the NRGc and NRYV respond to low frequency (0.026 Hz) sinusoidal stimulation in
vertical planes (Manzoni et al. 1983). The majority of these neurons especially in the
NRGc and rostral NRV have increased activity during rotations onto the contralateral
side and had a response phase that correlated to the displacement of the head during
sinusoidal stimulation frequencies from 0.026 to 0.051. At higher frequency
stimulation, the response phase of a minority (16%) of these neurons advanced so that
the response was correlated with the angular velocity of displacement. These results
indicate that the majority of reticulospinal neurons receive input mediated by the
otoliths (Bolton et al. 1992b). This is in contrast to vestibulospinal neurons that
receive input mediated predominantly by semicircular canal input (Kasper et al. 1988;
Wilson et al. 1990b).

The planes of stimulation resulting in an optimal response for most
reticulospinal neurons lie in roll quadrants (i.e., the maximal response occurs during

rotation to the side rather than during nose down-nose up rotations). There was no
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attempt to correlate the location of the neurons in these studies in the reticular
formation with the optimal response plane.

Although previous anatomical studies have demonstrated connections of the
vestibular nuclei with the pontomedullary reticular formation, they have not identified
conclusively the laterality of the projections from the medial and descending vestibular
nuclei (Ferraro et al. 1940; Ladpli and Brodal, 1968). The Marchi method does not
allow identification of terminals (Ferraro et al. 1940) whereas with the Nauta technique
fiber and terminal degeneration were identified in the dorsomedial contralateral NRGc
following lesions in the DVN (Ladpli and Brodal, 1968). However, because of
possible interruption by the lesion of fibers from other vestibular nuclei that also
terminate in the NRGec, it was not possible to conclude that fibers from the MVN
terminate in the ipsi- or contralateral NRGc. Thus, the laterality of the projections
from the MVN and DVN to the NRGc have not been demonstrated.

The transmitter for the pathway from the vestibular nuclei to the reticular
formation has not been identified. Physiological studies comparing the responses to
vestibular stimulation of vestibular nuclei neurons to those of reticular formation
neurons have demonstrated that the polarity of the majority of responses in the reticular
formation is opposite to that of the majority of vestibular neurons (Manzoni et al.
1983). Consequently it was suggested that the vestibular input to the reticular
formation may be inhibitory.

The peripheral origin of vestibular responses in the pontomedullary reticular

formation has been inferred from the dynamic responses of reticular formation neurons
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to vestibular stimulation by comparison to the responses of vestibular afferents from the
semicircular canals and otoliths (Manzoni et al. 1983; Bolton et al. 1992b). Most
semicircular canal afferent responses of squirrel monkey have an advancing phase lead
and increasing gain as the frequency of stimulation increases (Fernandez and Goldberg,
1971). In the mid-frequency stimulus range, the phase lead of the response with
respect to head position is 90 deg. Most otolith afferent responses have relatively
constant gain with increasing stimulus frequency and only small increases in phase lead
(Fernandez and Goldberg, 1976). Also, the response phase is near head position or 0
deg. However, some otolith afferent responses are similar to canal afferent responses
in that they have large increases in gain and phase with increasing stimulus frequency.
Thus, analysis of dynamics does not conclusively identify the peripheral origin of
vestibular responses. Response to static tilt, however, has been taken as conclusive
evidence of otolith input since semicircular canal afferents do not respond to static tilt
(Vidal et al. 1971; Fernandez et al. 1972).

Reticulospinal connections with motor neurons. Reticulospinal neurons that
project to neck motoneurons make monosynaptic connections with motor neurons
allowing direct control of muscle action (Wilson and Yoshida, 1969; Roucoux et al.
1989). However, reticulospinal neurons that project to lumbar motoneurons may have
only polysynaptic connections (Wilson and Yoshida, 1969). While many hind limb
motor neurons in cat are activated by stimulation of the lateral vestibular nucleus, these
neurons not activated by stimulation of the medial reticular formation. Neck motor

neurons, on the other hand, are often activated by both vestibular nucleus and reticular
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formation stimulation. Limb motor neurons may be activated by polysynaptic
pathways involving cervical motor neurons. This suggestion is supported by evidence
that retrograde tracer injected in the lumbar spinal cord labels neurons in cervical
segments but not in the NRGc where stimulation activates lumbar back muscles
(Roucoux et al. 1989). On the other hand, neurons in the ventral region of NRG¢ and
NRYV were retrogradely labeled but stimulation in these regions did not activate back
muscles. However, some reticulospinal neurons in the pontomedullary reticular
formation project to both the brachial and lumbar spinal enlargements (Hayes and
Rustoni, 1981).

Although no topographical organization of specific vestibular inputs to the
reticular formation has been demonstrated, topographical organization of some motor
outputs has been demonstrated in the reticular formation. The lateral and medial
reticulospinal tracts originate in different regions of the reticular formation
(Nyberg-Hansen, 1966; Petras, 1967; Ito et al. 1970; Peterson et al. 1975b; Tohyama
et al. 1979). The pontomedullary reticular formation can be divided into a number of
zones with distinct patterns of connections (Peterson et al. 1979). Microstimulation in
the reticular formation of chronically implanted unanesthetized cats indicates that there
is an organization based on patterns of EPSPs and IPSPs in neck back and limb motor
neurons and on patterns of muscle activation, i.e., neck muscle activation with various
combinations of right and left, fore and hind limbs (Drew and Rossingnol, 1990a;
Drew and Rossingnol, 1990b). The strongest responses in the ipsilateral fore limb

were evoked by stimulation in rostrodorsal regions while those in the contralateral
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forelimb were evoked by stimulation caudoventrally. Responses of neck and axial
muscles were evoked by stimulation throughout the medullary reticular formation.
However, stimulus loci evoking these muscles were concentrated in the most caudal
regions.

The medial aspect of the caudal NRGe¢. In summary, the reticular formation
lies midway along the pathways from the vestibular end organs to motor output. This
position in vestibulomotor pathways allows convergence of other inputs. For example,
some other inputs to the reticular formation include neck proprioceptive, tectal, cortical
and cerebellar inputs (Brodal et al. 1962; Peterson et al. 1976). There may also be
convergence of more than one vestibular input on neurons in the reticular formation.

One region of the caudal reticular formation is structurally different from the
surrounding regions (Brodal, 1957). One of three cerebellar projecting nuclei in the
reticular formation is located in the caudomedial reticular formation, the paramedian
reticular nucleus (PRN). In the rabbit, this nucleus is included in the NRGc (Meessen
and Olszewski, 1949). The PRN contains neurons that have a morphology similar to
sensory neurons with short highly ramified dendrites while neurons in the surrounding
regions of the reticular formation have few long sparsely ramified dendrites
(Leontovich and Zhukova, 1963). The dendritic morphology of neurons in the PRN
seems to make these neurons well suited to receiving convergent inputs from many
sources. The PRN is located ventromedial to the fibers of the hypoglossal nerves and
dorsal to the middle third of the inferior olive (Brodal, 1953; Brodal, 1957;

Kotchabhakidi et al. 1980). In the rabbit, the PRN is included in the nucleus reticularis
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gigantocellularis (NRGc) lying in the medial aspect of the caudal NRGc (Meessen and
Olszewski, 1949),

Previous physiological studies of vestibular responses of neurons in the reticular
formation have examined a broad region of the pontomedullary reticular formation
including the nuclei reticularis pontis caudalis, magnocellularis, gigantocellularis and
ventralis (Spyer et al. 1974; Peterson et al. 1976; Peterson et al. 1979; Peterson et al.
1980; Manzoni et al. 1983; Bolton et al. 1992b). This study has focused on a more
limited region of the reticular formation, the medial 500 um of the caudal NRGc of
rabbit. This region has similar boundaries to the PRN of cat and rat. It lies dorsal to
the rostral two thirds of the inferior olive and ventromedial to the hypoglossal nerve.
In contrast to most previous physiological studies, we have attempted to correlate
physiological findings with anatomical variations in the reticular formation addressing

issues of topographical organization and convergence of inputs.



21

SUMMARY

The goal of this dissertation is to characterize several aspects of the role of the
medial aspect of the NRGc in the segregation and processing of vestibular information
for muscle control. Two sets of experiments were performed as presented in the
following two manuscripts.

First, we examined the kinds of vestibular information conveyed by NRGc
neurons and we tested the hypothesis that vestibular information is topographically
organized within the NRGc. To examine the peripheral origin (semicircular canal or
otolith) of the vestibular input, we examined the responses of NRGc neurons using
sinusoidal, static and exponential “step” vestibular stimulation while recording
extracellularly from single neurons. We determined the optimal response plane for
each neuron. The location of each neuron was examined in relation to the optimal
response plane or the response to exponential “step” stimulation for each neuron.

Second, we examined the anatomical connections of the medial aspect of the
caudal NRGc. By injecting an orthogradely transported lectin, phaseolus-
leucoagglutinin (PHA-L), into the medial and descending vestibular nuclei, we
determined the likely pathways by which vestibular information reaches neurons in the
NRGc. These pathways were also identified with injections of the retrograde tracer,
horseradish peroxidase (HRP), into the NRGc. We tested the hypothesis that the
transmitter for the pathway conveying vestibular information from the vestibular
nucleus to the NRGc was GABA using glutamic acid decarboxylase

immunohistochemistry. We also examined some of the projections from this region of
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the NRGc using HRP injections into the MVN and DVN and into the uvula/nodulus

and flocculus of the cerebellum.
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