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PROJECT ABSTRACT

During manned spacctlight, acute vestibular disturbances oflen occur, leading 1o physical
duress and a loss of perfarmance. Vestibular adaptation to the weightless envitonment follows
within two to three days, yet the mechanisms responsible for the disturbunce and subsequem
adaptation are still unknown. In order to understand vestibular system function in space and normial
earth conditions, the basic physiological mechanisms of vestibular information coding must he
determined. Information processing regarding head movement and head position with respect to
gravity takes place in the vestibular nuclei neurons that receive signals from the semicircular canals
and otolith organs in the vestibular labyrinth. These neurons must syathesize the information into a
coded output signal that provides for the head and eye movement reflexes, as well as the conscious
perception of the body in three-dimensional space. The current investigation will, for the tirst time,
determine how the vestibular nuclei neurons quantitatively synthesize atferent information from the
different linear and angular acceleration receptors in the vestibular labyrinths tnto an integrated
output signal. During the second year of funding, progress on the current project has been focused
on the anatomical orientation of semicircular canals and the spatial orientation of the innervating
afferent responses. This information is necessary in order to understand how vestibular nuclet
neurons process the incoming afferent spatial signals. particularly with the convergent otolith
afferent signals that are also spatially distributed. Since information fram the vestibular nuclei is
presented to different brain regions associated with differing reflexive and sensory functions. it is
important to understand the computational mechanisms used by vestibular ncurons to produce the
appropriate output signal.
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PROJECT DESCRIPTION

A. SCIENTIFIC ORJECTIVES

The primary objective of this project was toa determine the nature of information processing
used by the central nervous system to encode neural signals regarding head movements, cyc
movements, and position of the head with respect to gravity. It is known that a fast conducting,
neural pathway contained within the vestibular system is responsible for the control of head and eye
movements. I[nformation provided to the central vestibular system arises from peripheral receprors
of the semicircular canals and otolith organs which is carried through the primary afterent fibers. In
order to determine precisely how the central neurons process affcrent information from the different
receptor endorgans into an appropriate neural output signal, the spatial properties of the afferents and
their termination patterns within the central nervous system must be known. The data obtained by in
the current project answered both of these questions.

B. ACCOMPLISHMENTS

Vestibular afferent and nuclei neuron responses elicited by electrical stimulation: Before |
could begin to study the synthesis of information from the different linear and angular acceleration
receptors by the central vestibular neurons, it was necessary to determine if selective types of
afferents could differentially be activated by their thresholds to electrical stimulation. [t has been
demonstrated that small electrical currents applied Lo the labyrinth can selectively either silence or
excite afferent fibers that have irregular discharge rates, while afferents with more regular firing
patterns arc little cffected (Goldberg et al., 1984). It is currently beheved that these regular and
irregular firing afferents converge upon vestibular nucler neurons in unique patterns to control
different types of muscle movements. For example, there is evidence to suggest in monkeys that
regular afferents are more involved in the control of eye movements, while irregular atferents
primarily are involved in the control of head and/or postural movements (Minor and Goldbery.
1991). As an added tool in the current investigation of synthesis of converging inputs outo
vestibular nuclei neurons, T used electrical stimulation of the labyrinth 1o examine the effectivenass
of selectively stimulating the regular and irregular afferent fibers in pigeons

Electnical stimulating electrodes were implanted into the perilymphatic space of the labyrinth,
while extracellular electrophysiological recordings were made from the ipsilateral afferent fibers.
Recordings were obtained from both semicircular canal and otolith organ afferent fibers. Both
anodal and cathodal clectrical DC currents were utilized, with current magnitudes ranging between -
100pA to +100uA. In addition, for many neurons, sinusoidal rotational (semicircular canal
afferents) or off-vertical axis rotational (otolith afferents) stimulation was applied with and without
simultaneous electrical stimulation, in order to determine if the responsiveness of the fiber changed
during the electrical stimulation. These experiments are continuing, however. to date 93 atferents
have been studied using electncal stimulation. with etfects observed in both semicircular canal and
otolith affcrent fibers. Similar to the results reported in monkeys (Goldberg et al., 1984), pigeon
afferent fibers can be selectively excited or inhibited based upon their discharge regularity. All
afferent fibers were inhibited hy cathodal (positive) currents and were excited by anodal (negarive)
currents, as shown in Figure [. [rregular firing aftercnt fibers had substantially lower thresholds to
electrical currents applied to the labyrinth than did regular afferent fibers. In fact, irregular afferent
fibers could be selectively silenced with low amplitude (5 - 25pA) anodal currents (Figure 1).
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Figure 1. Response amplitude of vestihular afferents to difterent levels of galvanic stimularion
(ipsitateral ear). Zero amplitude cormesponds to neural rectification (silencing) of the discharge rate,
The afferents are divided into three classes of neurons, depending upon their coefticient of variation
values, with regular, intermediate, and irregular firing cells being grouped (opether.

Regular firing afferents, however, could never be silenced even when administering larpe amplitude
(100pA) currents, The afferent's responsc magnitude was correlated with the electrical stimulus
magnitude, again with the irregular afferents having the greatest sensitivity to the galvanic
polarizations, as shown in Figure 1. Further, for most fibers, the sensitivity of the afferent to

_ electrical stimulation was linearly related to the discharge regularity. [rregular firing semicircular
canal fibers could be ablated (silenced) with electrical stimulation, even dunng sinusoidal rotations
at 20 deg/sec peak velocity. Irregular firing otohth afferent fibers could also be ablated during off
vertical axis rotations of 30 deg/sec constant velocity. However, with both otolith and semiciscular
canal regular firing afferents, only the discharge rate was slightly changed and little or no effect was
observed in the fibers sensitivity to rotation.

Once the studies regarding the effects of galvanic stimulation upon afferent discharge rate
were completed, | began to record responses from vestibular nuclei neurons during sinusoidal
rotation and off-vertical axis rolation paradigms. During the rotation sequences, nuclel neuron
responses were obtained betore, during, and after simultaneous galvanic polarization of the
ipsilateral labyrinth, as shown in Figure 2. The current amplitude for all cells was varied between 10
to 100pA. If signals from irregular and regular firing afferents converge upon single vestibular
nuclei ncurons, then the effects of silencing the irregular input can be observed. Rotation stimulation
was varied across frequencies between 0.02 and 5 He, with the amplitude remaining constant at 20
deg/sec. Differences between the response dynamics for the before and during galvanic polarization
conditions were noted for each cell. First. each recorded neuron was identified as to type of
semicircular canal input by manipulating the animal with a series of manual yaw. pitch, and roll
movements in the three major semicircular canal planes. Thus, each neuron could be classified as 10
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a Type [ or [1. with input from either the
horizontal. lett anterior - right posterior. or right
anterior - left posterior canals, [n addition, each
neuron was identified as to whether it recetved
monosynaptic or polysynaptic inpul [rom the
ipsilateral labyninth. As shown in Figure 3. the
response dynamics for some neurons were

.affected by the elimination of the trregular

afferent inputs, while other cells were not. In
Figure 3, the response gain and phase values are
plotted across stimulus frequency (or three
horzontal canal related vestibular nuclei
neurons. The solid symbols and lines indicate
the responses to sinusoidal rotational
stimulation alone. Open symbols and dotted
lines indicate responses to rotational and
simultaneous galvanic polarization stimulation.
For some ncurons, galvanic polarization reduced
the gain during rotational stimulation,
particularly at the lower frequencies of
stimulation. The phase of these aftected cells
sometimes changed and sometimes did not.
Similar results have also been obtained for
vertical canal related neurons. To date, only 11
vestibular neurons with complete protocols have
been obtained during rotational and
simultancous ¢lectrical stimulation. These
studies are still on-going and will be completed
in the new NASA grunt NAGW-4507.
However the results so far suggest that many
vestibular nuclei neurons receive convergent
inputs from ircegular and regular fring
afferents. Further, the convergence in differing
dynamic information trom the afferents appears
to be important in determining the responsc
sensitivity of these cells to head movement
stimulation.
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Spatial orientation of semicircular
canals and afferent fibers: Once 1 began to
study the effects of ablation of irregular afferent
inputs upon vestibular nuclei neuron responses.
it hecame clear that the convergence of irregular
and regular afferent inputs may determine the
spatial orientation of thesc cclls. The spatial
orientation of each neuron can be assessed by
determining the maximum and minimum
sensitivity responses 1o rotational stimulation
about an earth vertical axis while differing the
animal's head orientation. The head orientation
that produces the maximurm gain of the neuron
can be considered to correspond to the spatial
orientation vector of the cell, where the vector
direction represents the axis about which the
head must be rotated. One of the principal goals
of the present project was to determine these
vectors for the different vestibular neurons,
particularly during rotational and linear
acceleration stimuli. However, before this goal
could be accomplished, it was first necessary to
measure the anatomical oricntation of the
semicircular canals relative to the head in
pigeons. Next, the rotation vectors for the
Jdifferent canal afferents were also determined in
order to make comparisons with the derived
vectors for vestibular nuclei neurons.

The anatomical planar orientations of the
semicircular canals in five pigeons werc
measured bilaterally, The labyrinths of both
ears were exposed and the bony surfaces the
semicircular canals debrided of vessels and
connective tissue. The heads were mounted in a
stereotaxic device such that the horizontal
semicircular canals were coplanar to the
horizontal stereotaxic plane. Using a small
needle attached to a micromanipulator, different
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Figure 3 Response gain and phase vatues af
horizontal canal related vestibular nuclei neurons
to rotation before and duriny, hilateral galvanic
stimulation. Solid lines: contral response valies
nbtained before galvanic stimulation. Dushed
limes: response valucs obtained duriny, galvanic
stimulation (+25pA). m = monosynaplic input
{rom ipsilateral labyrinth; p = polysynaptic
input; n = na response to orthodromic activation
of ipsilateral labyninth

points along the circumference of the exposed bony canal for each of the semicircular canals were

measured in three dimensions.

Retween 17 and 65
number of points being dependent upon the size of canal. The measured puints were

points werc obtained for each canal, with the
then cntered

into a three-dimensional plotiing program on a microcomputer, where a planar equation could be fit
through the points for each canal using a least-squarcs algorithm, as shown in Figure 4. The best-fit
planes for each canal bilaterally were then reconstructed in three-dimensional space and angles

between the canal planes were caleulated.
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Figure 4. Anatomical measurements of lell semicircular canals. Circles,
represent coordinate values from the horizontal, anterior, and posterior canals, respectively.
Calculated canal planes are plotted through each set of canal points with the best-fit parameter values

indicated above the plot. All axes are in siereotaxic coordinates, with point (0,0.0) corresponding to
car bar zero in the center of the head.

triangles, and diamonds

As shown in Figure 5, the results indicated that the horizontal canals were approximately orthogonal
to the vertical canals and complementary verlical canals on opposite sides of the hcad were nearly
coplanar. Still, significant deviations on the order of 5 ta 20 degrees between complementary canal

pairs were noted. Qimilar results have been reported for cats (Blanks et al.. 1972) and monkeys
(Reisine et al., 1988).
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been determined, spatial orientation vectors
from semicircular canal afferent fibers were F\
obtained. The responses of atferents to AN [P
sinusoidal rotational stimulation (0.5 Hz, 20 /j:»-',lﬂx '
deg/sec peak velocity) about an carth vertical .- ~\£ ‘160"

axis were obtained with the animal's heud placed
in different orientations relative to the rotation
axis. A minimum of five head orientations were
used, identical to those stated above for nucles
neuron experiments. As long as the afferent .y
remained isolated during recording, other head RS A
orientations were also used. The gain and phasc ' ;f A
values observed during rotational stimulation // T \ L
were then plotted versus head orientation and fit X L7
with a cosine function. The orientation that
produced the maximum response gain from each
afferent was thus calculated and served to define
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Figure 3. Relative orientauons of semicircular canal

planes in stereotaxic space. Each canal plane is shown

the spatial orientation vector for the cell. '\eni":r::ii‘: :zl::‘;::i::m:iig ;g;f"l “’;;" a positive ¥
_ Maximum Scnsillvvlty dlr_ections were planes are ind:cmed' h} thin arrow°s zi\dcnt:;z:iz:ﬁalucs.

obtained for 36 afferents. including fibers from

each of the three semicircular canals.

The rotation vectors for the afferents were plotted in three-dimensional spacc, with reference

coordinates expressed relative to the pigeon's head, as shown in Figure 6. A right-hand coordinate

system was used, such that the positive X. Y, and Z directions corresponded to the animal's nose, left

ear, and vertex, respectively. Each spatial orienfation vector represents one afferent, where the

direction of the vector corresponds to the direction of the axis about which the animal must be

rotated to produce the maximum response from the cell. Each vector is shown as a unity gain

response {all vectors have equal magnitudes) for clarity.

Fron View & Lent Sige View

ntation vectors for semicircular canal atferent tibers X, Y. and Z directions
spectively. All vectors are shown as unity gain. Crrcles.
1, anterior and posterior canal affcrent rotation vectors,

Figure 6. Spatial vrie
correspond o beak, lefit ear, and vertex, re
triangles. and squares represent horizonta
respectively. Dotted fines indicatc measurcd anatomicat canal orientations.
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Figurc 7. Horizontal canal afferent erminations in the brainstem. Representative sections from one
pigcon are shown, with cach section separated by 200 pm. Thin lines: HRP filled afferent fibers.
Filled circles: termination zone of afferent s. CbL, lateral cerehellar nucleus. D, descending vestibular
nucleus; dC, dorsal cochlear nucleus; IO, inferior ohve; L. lateral vestihular nucleus, M, medical
vestibular nucleus; S, superior vestibular aucleus; Sg, Scarpa's ganghon; SO, superior olive: vC,
ventral cochlear nucleus: VI, vestibulo-cochlear nerve; IX, glossupharyageal nerve: X. vagus
nuclcus; Xn, vagus nerve, XII hypoglossal nucleus.

The vectors were classified by their canal innervation with the horizontal, anterior, and
posterior canal afferents being represented by the circles, triangles, and squares, respectively. In
addition, the measured anatomical planes for each canal are indicated by the dotted line vectors. One
should note the close correlation between the measured anatomical canal planes and the calculared
spatial orientation vectors for the inncrvating afferent fibers. It is also interesting that the spatial
orientation vectors of the afferents have some degree of variability. particularly when companny,
vectors of similar canal innervation. Thus, not all of the horizontal canal afferent vectors are
oriented in a tight spherical group, even though a cluster of directions is apparent. This study is now
complete, with a manuscript published (Dickman, 19962).

Vestibular afferent projections (o the brainstem: Onc of the stated objectives in the initial
project was to determine the location of the vestibular nuclei neurons within the vestibular complex.
as well as their axonal targets, then correlate morphological characteristics of the neurons with their
gravitational response properties. In my initial experiments regarding vestibular nuclei neuron
responses, fast green dye spots were placed at the recording site location for histological verification.
As I began to examine the locations of the recorded neurons, it became increasingly clear that we did
not have an adequate description of the anatomical distribution of the vestibular nuclei in pigeons,
neither the cell types, borders, or relative locations of the afferent terminations with the brainstem.



29497 15:37 T601 984 5107 UMC-SURGERY

.
3
.
.
13
.
.
s
v

Semicircular Canals Otoliths

Figure 8. Organizuion of vestibular afferent terminations in the vestibutar nuclei and cerebellum
Each vestibular end urpan is represented by a different symbol. The density of termination for a
particular region is indicited by the size of the dots - A, anterior canat, CbL.. lateral cerebellu nucteus,
dLVN, dorsal lateral vestibular nucleus; DVN, descending vestibular nutleus; H. horizoatal canal. 1.,
lagena: MVN, medial vestibular nucleus; P, postcrior canal; SVN, superior vestibular nucleus; U,
atricle: vLVN, ventral Jateral vestibulir nucleus,

Thus, I initialized a neural tracing study using horseradish peroxidase (HRP), biocytin, and
choleratoxin B conjugate HRP compounds in order (o identify the afferent fiber termination patlerns
and extent of the vestibular nuclei in pigeons. The isolated branch of the VIIIth nerve that
innervated a specific receptor neuroepithelium in the vestibular labyrinth was exposed, cut, and
bathed in either tracer crystals or injected with tracer/saline (30%) solution. Separate animals were
used for tracing the afferents innervating the anterior, posterior, and horizontal semicircular canals,
as well as the utricle, saccule, and lagena otolith organs. At least three birds were used for each
receptor organ, as well as two control birds where HRP crystals were placed within the
endolymphatic membrane without transection of any nerve branch. The animals were allowed to
survive for 48 to 96 hours [vllowing tracer implantation, then perfused with warm heparin/saline
followed by cold aldehyde fixatives. The hrains of each animal were stereotaxically marked, then
removed and sectioned (50-100 pm) using a freezing microtome. Tissue sections were rcacted using
standard histochemical procedures for HRP and biocytin processing  Camera lucida drawings were
made of the reacted tissue for each animal. As shown in Figure 6 for one animal where the
horizontal canal nerve was traced with HRP, afferent fibers coursed into the ipsilateral brainstem and
differentially terminated in a number of brainstem regions. For each receptor organ, the innervating
afferent's cell badies lie clustered within Scarpa’s ganglion, with central projecting processcs
remaining bundled together until distributing to different brain regions. When viewing relative
afferent termination patterns from the different canal and otolith receptor nerve branches, an

10
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overlapping but distinguwishable pattern appears to emerge, as shown in Figure 7. The distribution of
afferent terminations in the brainstem of pigeons is similar to that reported for other vertebrate
species. Gencrally, the scmicircular canal afferents terminated tn the more rostral and medial
portions of the vestibular nuclei complex, with fibers from all three canals terminating in the
superior, medial, lateral, and descending vestibular nuclei. Very few afferents from the semicirculur
canals projccting to the cerebellar nuclei were observed  The otolith organs, conversely, largely
terminated in the more caudal and lateral portions of the vestibular nuclei. Utricular afferents, but
not fibers from the lagena, werc noted to be much more numerous than canal afferents in the
cerebellar nuclei. Afferent terminations from both the semicircular canal and otolith organs were
also observed in the reticular formation und prepositus hypoglossal nucleus. In addition to
determining the afferent distribution, this study served to define the anatomical regions and borders
of the vestibular nuclei in pigeons. The organization of the afferent input und the regional
cytoarchitecture of the vestibular nuclei is important to understand, 1o order 1o make inferences
regarding the locations of vestibular neurons. The information obtained in thesc initial experiments
has appeared in short paper form (Dickman, 1996b), and is currently being completed for a larger
publication as a full paper.
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Mecdical Center, Jackson, MS.

 In order to determine bow vestibular nuclei oeurony process
'vcr.:nvc,rgm(.i'n.fommion from scmicircular eanal and otolith affcrent
fibers reparding head movemenus, the spatial orientation veetors of
the afferent fibers must be known, The present siudy examined the
responses of semicircular canal aflcrent fibers (o sinusoidal
oscillations (0.5 Hz, 20 deg/sec) abour an eanh vertical axis, with the
animal being oriented in 3 nuaber of different head planes; including
horizootal, nose up pitch, nase down pitch, left evch down, and left
anierior - right posterior sose down. The response gaio and phase
values obuained for cach oricotation were determined, with the
maxmum and @inimum esponse vectors then beiog calculated for
cach fibcr. In addition, the major anatomical plane for each of the
semicircular eanals, bilaterally, were measured in two ammals for
romparicon.  Although the response vectors are still being analyzed,
pretiminary evideocr suggests that the borizontal and posterior
semudreular ewal alioronts provide responses that are spatally
oricnted close to their respective membranous duct planex. However,
anterior canal afferents appear 10 be sligned 15 - 35 degroms away
from the ma,or aoterior canal phnc_ (Supponcd by NASA graat
. _#NAG2 786) "

[106] -
) ('HANGES [N C-FOS SI'AINING WITHIN THE RAT

SUPRACHIASMATICNUCLEUSFOLLOWING 2G EXPOSURE.
CA. Fuller, D.M. Murakami, TM Hobao-Higgins, and I-H. Tagg.
. Sectian. of Neurobiology, Physlology and Behavior, University of
: Cah!orma, Davu, California 95616. USA

. This study cmnmed the changes in rat body t:mpentunc and
actM\'y cu'ca_dsan rhythms caused by exposurc to 2 hypardynamic field.
In addition, the gene activation mmrker, ¢-Fos, was used 10 reveal
" potential protain synthesis changes in the suprachiasmatic nucleus
(SCN). Biotelemetry units were used (o record body temperature
and activity, Rats exposed 10 2G etibited 3 significant reductios in
" mean body temperature and sctivity, and a signiticagtly depressed
" dseadian ywmplitude. A second experiment emmined changes in
~  protcin synthesis in 3 group of rAm expascd o ooe hour of 2G, 3
~ " cenuifuged 10 control group, and a boscenurifuged 1G control

© e group. All rats were sacrificed and stained for c-Fos. Hypothalamic

scctions revealed mgmﬁanx c-Fos swaining dilferences berween
control and c:pmmcuul ms in the SCN. The 1G conuol group of
" mtsalsg exhib-tcd 2 large number of intensely reactive ncurons within
_ the SCN. Howm:- the SCN of the 2G experimental rats exhibited
. oasi ificint reduction in ¢-FOS reactive ncurons, with ooly a fow
tightly reactive neurons. These results supsest that 2G exposure has
_ 3 direct effect on immediate carly gene oxpression within the SCN
neurone. These changes in protein synthesis function within the SCN
may be responsible for the reduced circadian amplitude of body
wmpcrature and activiry.

L

78 " ASGSB Bulledn 7(1). Ociober 1993
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[105]

BEHAVIORAL REACTIONS OF TLRRYESTRIAL VLRSUS
ARBOREAL LIZARDS TO MICROGRAVITY M Fepck ana R,
Wassersug, Dalbousic University, Halifax, NS, BIH 4H7, Canada.

Verebrites exposad to sbrupt deareases in gravity reamnd in
various ways. However, these responsa appan 1o correlate wath the
animals’ natural bistory. As pant of 3o ongoing comparative
investigation of vertebrate reacuons to microgravity (uG), o lizards,
the tarrostrial Crotaphvtus (=Gambelia) wislizenii and the arborcal
Anolis carolingnziz, were vidcotaped aboard an airaaft in parabolic.
Qight. We hypothesized that the mwo lizards would react diflcrently
based on their divergent ecologies.

In 16, the rorrestrial lizard exhibited lang axis rolling (previousty
seen in non-arboreal frogs and salamanders) in conjunction with Wil
flipping. This behavior i similar o the common venedrale nghting
reflex performed when iovened in normal gravity. ln conurast, the
arboreal lizard did not torque its body in this maaner. Instead,
rotated randoaly while clawing the air venural to it in a clear antempt
to grasp the substratc. Aller several parabolas, the Anoliz succeeded
in maiotaining its hold on the side of the containez in uG. Both
spetics responded 35 cxpected, with the proteclive behawviors used
when they lose wtheir (ooting in 1G.

This ts the frst repont on the bebavior of Lzards in rgicrogravity

[107]
RENAL CALBINDINDSK IN RATS EXPOSLD TO
MICROGRAVITY. W. Beny, Department of Mhysialogy and
Pbarmacology, University of Genrgia, Athens, GA 3602

Calbindin-D28K is 3 28 kilodalion calcium nding protein {ound
in avian intestine and b Avian agd mammaban bran, eraebelium,
kidncy, bonc, vestibular hair cells rctioa and other ussues. The
proicin is thought to (acilitate calcium uansport in iatestine, kidney
and bosc, and apparcntly 3¢ A< 3 protrctive calaum bufler in cells
of other tissues,

Calcium fux, viamin D and other hormone, tissar treepror irvels,
and ccll turnover rates interact to determine calbindin levels.
Therefore, microgravity isduced alterations in caldum and clcium
homeostatic hormones may cnuse changes in tssue calbindin levels
duriog space fight

To camine the possibility that space: Qight could allect calbindin-
D28k levels, kidney tissue was obtained [rom rats flown for 7 days on
$T3.54 (PARE 2 cxperiment rats) and from control rats mantained
an the ground under similar conditions. These Ussues are being
analyred for calbindin-D28 content a0d 125 dibpdruxyvitamin D
receptor content including relative occupation of rcocptors by
endogenous dihydroxyvitamio D. )

Specimens for this study were pravided by the NASA life Saences
Division Sccondary Payloads Program.
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177 Semicircular canal and otolith afferent projections to the
vestibular auclei in pigeons

$J.D. Dickman, Q. Fang
Univ. Mississippi Med. Cen., Jackson

As an initis] step in determining the fupctional ocganization of the vesubular nuclei
in pigooas, passible regions] diffcrcaces in affercot input to the nuclear complaz
were discarncd using neursl traciog techmiques. For each mnimal, only one
vestibular reeeptoc organ in the lefl lbynnth was rurgically expased, with random
sclection of either » acmicircular capal (SC) smpulla or otolith (OT) macula. For
soma animals, scveral cuta into the recepror seuroepithelium were made, followed
by application of horscradish petoxidase (HRP) aysuls and/or chelera-totia
conjugate homeradish peroxidase (CT-HRP) to the receptor area. For other animals,
the VI nerve branch supplying the speaafic receptor organ was exposed, cut, and
HRP and/ot CT-HRP was applicd (o the severed perve stump. Pollowing cuher & 24
or 48 bour survival time, the enimal wae cuthanized and perfused with aldehyde
Gxatives. Frozan SO pm scclioas wece cut sad reacted using & modified
molybdate-teramcthyl beozidine procedure.

To datc, afferent projections from the SCa have boen traced in six animals (two
pigecas for cach cansl) and from the utricle in ooe animal. For cach receptar organ,
the afferents” cell bodies lie chustered in Scarpa's ganglion, with cenaal prajecting
processes remaining busdled together, cven following bifurcatioa, uatl roaching the
synaptic target. Generally, antedior SC afferents project heavily 1o the supenior
(SVN) 1ad Iateral (LVN) vestibular nuclei, with some projection to the medial
vestibular puclous (MVN) and cerebellum. Horizootat SC aflcreots project heavily
o the MVN and LVN, with seme projaction lo the SVN, the cercbellum, the
reticular formatioa, and the descending vestibular oucleus (DVN). Postenioc SC
affcrcats peoject heavily to the LVN, SVN, modercly to the DVN, and lightly 10
the cetcbellum, Onolith affcrent projections are sull being investigated. The results
indicate that regional differcaces in the distribution of the afferent inputs to the
vestibular nuclei do cxist, similar to thase reportcd for most other apecies.

Supported in part by the Whitaker Foundaton, NASA grant NAG21.786, and NIH
qgranf
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ceaes ann (e e ey e s BICUTGE YESUUMI [UGIEUS. LULILE sinUsOIdal rawnon, the phase of
FRNs leads that of medial vestibular nucleus acurons not receiviag floccular inhihition
{nonFRNs). If the FRN phasc Icad is produced by signals from the flocculus. then the P-
cells should functionally lead the FRNSs. In the present study we recorded from floccular
VA P-cells in awake rabbits that were sinusoidally rotated about the VA in the light and
the dark at 0.05 - 0.8 Hz with different amplitudes. The phase of the simple spike (55)
modulation was calculated by determining the eye position seasitivity (k) and eve
velocity sensitivity (r) using multivariate linear regression The phase of the SS
modulation was compared 10 the phase of the FRN modulation The SS activity of nearly
all VA Pcclls increased with conuralateral hiead rotation During rotation in the light. the
SS modulation showed a phasc lead in reference to conrulaeral head posttion that
increased with increasing frequency (median 56.9* at 0.0S Hz. 78 6" a1t 0.8 Hz) The SS
madulaton led the FRN modulation significanty ar all frequencies. The difference of
medians was greatest {19.2°) at 005 Hz and progressively decreased with increasing
frequency (all p's < 0.005. Wilcoxon rank-sum test) During rotaton in the dark, the S
modulation had a greater phase lead than in the hight (median 110.3" ar 0.05 Hz: 86 67 at
0.8 Hz). The phase of the $3 inudulativn in the dark led that of the FRNs sigaificantly at
all frequencies (difference of medians varied from 24.2" a1 0.05 Hz 10 9.17 at 0.8 H». all
p's < 0.005). The data arc consistent with the hypothests that the phasc lcading
characteristics of FRN modulation could come about by summation of VA P.cell acuvity
with that of cells whaose phase would otherwise be identical to thar of nuaFRNs. The
floccular S§ output appears 10 increase the phase lead of the net pre-oculomotar signal,
which is in pan composed of the FRN and nonFRN signals.

PlO

Afferent Proiections of Individual Vestibular Organs an Pigeons. J. David Dickman and

Qian Fang. University of Mississippi Medical Center, Jackson, MS,

A cenural issue in determining the functional organizauon of the vestibular system in
birds is to understand the anatomical substrate serving various types of movement.
Differences in afferent input to the vestibular nuclei and other regions of the brainsiem
and cerebellum were delineated vsing ncural wacer techniques for each vestibular end
organ in pigeons. For each animal, a single branch of the vestibulocochleas nerve that
innervated a specific receptor ncurgepithelium was surgically isolated, cut, then traced by
application of a horseradish pergxidase/cholera-toxin conjugate mixture (HRP) or
biocytin (BT) crysuals. Following a 24 - 48 hour survival, the animals were euthanized
and perfused with aldchyde {ixatives. Sections were cut in cither the transverse or
parasagital planes, reacted using erther 3 modified molybdate-tetramethyl benzidine or
diamino benzidine procedure. and counterstained with neutral red.

Reliablc data was obtained from 21 animals. Genenally, vertical canal afferemis
projected heavily to medial regions of the superior (SVN) and descending (DVN)
vestibolar nucles. and the A group. with lesser projections (o the medial (MVN) and
lateral (LVN) vestibular nuclei. Horizontal canal afferents projected primartly (0 the
cenural regions of the SVN, LVN, and DVN. with many fibers tenminating medially 1a the
MVN. Utricular and saccular afferents generally terminated in the lateral regions of all
vestibular nuclei and the B group. In addition, utricular and saccular afferents had
separate projections that terminally overlapped with the horizontal and vertical canal
terminal zones, respectively. All vestibular organs projected to the paraflocculus, deep
nuclei, nodulus and vvula, Lagenar affercnts projected to both cochlear and vestibular
nuclei. Supported by funds from NIH/NIDCD grant #DC01092, NASA grant INAG?2-
786, and the Whitaker Foundation,
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THE EFFECTS OF GABA-A AND GASA-3 AGONISTS AND ANTAGONISTS
MICROINJECTED UNILATERALLY INTQ THE VESTIBULAR COMPLEX OF
* NORMAL RATS, LD, Porter®. Py, Dept., Unhy. of FL, Gainesvite, FL 32811,
The neufotransmifters imvolvod in normal vestibular function have not beea
well dosorbed. 1t has been hypotheslted that the Inhibkory amino acid,
amiobutync ackt (GADA), functiona s & plausible neuiotrans iites
T vostoular p3IRwaYS. THis experiment dminad tha cla ol The GABA-A
agonst, muscimol, e GABA-B agonist, badfolen , the GABA-A arkagonist.
iina and the GABA.B antagonist S-emingvaledc ackd on vestibular
junction. A 10tad of ona Purdred and five mithe Long-Evana mfs wars yead.
The sublects wera unlstersiy canmuiated Bnd (83180 ON8 wedk Lilar wAh
verying 0030es of the GABA sgonisis and amagonists.  The dgrugs wers
sdrminictared caniratly in 8 yntataral 8 25 (f mieminjaciion diroctly into the
vasiular Autiasr complex. Foltawing tha deug Injoction. the subiects were
rrenediataly placed wu o testing spparatus Ihal alowel for complote dorsal
and veird) viewing of the animst. 1ha subjects wera videotaped lor 3 pariod
of 2 bours  The 1a0es wera afalyzed and normal locomater and axplominey
Lehaviors Jong with postural and tocomotar disturbances wers Modcurod
4nd placed ko 3evaral catagoslas: roaring, totsh acthily. head (M, #nb
pbcemcﬂl. poslural Asymaoley, 3M0 Darrsl rouation. Tho resulfs ndicate thal
GARA plays an important Qg In the mainianance of posture by regulating
actidty In the vedtibulir Auclear compley The GARA-A agonlst, muscimd,
and GABA-B agonin, Boclolen, produced & lack of rearing, sedation, an
joslateral pasrsl synarome, and ‘nslaterdl barrel rotation.  Tha GABA-A
sntagonist, dicuculing, produced a kack of radring, sadatlon, a contralgtyral
postural syndromn. and roniraiaterd borred ratation. Tha GARA 8 antaganist.
5.aminovalore acid did nol produdd any rearing. octivity or posturd
abnammaikios

60.3
ACTIVITY OF SINGLE NEURONS IN NUCLEUS RETICULARIS
GIGANTOCELLULARIS OF RAvarT EVOKED 6y VESYISBUAR OTOLITHIC
STIMULATION. MLH. Eaaer=on 3od N.H. 8acmack. Deot. of Coll Biotogy.
Oregon Hepith Sclancas Unlvaraity, R.S. Onw Naurclogics! Sciences,
Portiond, OR 87208,

AABAsrgic pathways ongindting from the medial 3nd Jeidsnding
vastiitar auclel 33 wall a8 tha Aucleut ¢eaotitus hypaglosss canvey and
vastlhtar Information to various divisions of the inferlor ollve. As ihase
pathways descend, thay branch to nasrvate collt n 1he reticular
tormapion. ln the present exparimont we mcocded axxraceliviarly from
fifty neurony in aucleus raticuians gigaatoeelulers {NNGc) of chiloraloss-
urethang-Inaschetized rabbits. The locadon ang vestloutar-ancoding
properties of thirty-one of these newons wore characterized complatoly.
Rabbits were placed in 3 threa axis rate table that permined swatic ang
yinusoidal vestibutar stimylation, as well as the determination of a
vaadbuler aull point.  All Aeurons 6xcapt @nal ware drivan by static tilg
or sinusoidal rotavgn 3bous the lonplivdingl axds. Twemy-one neuwons
nag 3 stalic posilion Langitivity. S t Neurons panded n phaze
with contralataral-gown head positian. Four naurons ware driven by bath
varticat and hotizontal vestibular stmulation. Only one of theza newans
racpanded axciusivoly to hodzontst vestbeles stmulstion. Two types of
re3ponsas wera observed: 1) Eighteen newrons had dizcontinuous ghaze
eninges of 160 dep with o o the 84 idal lorciag tunctian when
the hasd anple was varisd about the vertical axis. These null paints &id
fat camasphnd (0 the orientation of pairs ¢f semizircular canalz, 2) Elgt
neyrons had continuous phaso shifts as head angle wail thanged sbour
the verical sais. Neurons with vezubolac sanziuvity wern disiributed in
the maridl azpect of the NRGe, The outpels of (hass NBuroNns likely
contibiute 10 postural mechanismy about the longitudinal dody axis.

e.11
OTOLITH-RELATED VESTIBULAR NUCLEAR NEURONAL
PROPERTIES IN YOUNG AND ADULY RATS. i
Y.S, Chan and Y.M. Cheung®. Deparument of Physiology, Faculry of
Medicine, The Unlversity of Hong Kong. Sassoon goad. ong Kong.
To investigate the postnatal development of otolith function, the
functiopal propertics of vestibular auelear asuroac duning otolith
stimulstiim were studled {n adule rars and in young rats ranging in sge
from 13 1 21 days. All animals were decerebrated under halothane
wcsthesin.  Extracclular activitics were recorded from vestbulac
fuclear acurons which were histologically identificd after the
exporiments, The responzas of ceatral vestbular units were studied
dizing constant velocity off-vertieal axit rotason (a1 10° head dlp), ¢
ttimulus which selectively stimulates the otoliths. In both young and
adult snimals, unles were found 1o cxhibis position dependent discharge
modularion during bidircctional rotadons. The best response
oficatsrinng of the units were distributed fairly evealy over the plane of
fotation, thus providing within the vestibular nuclens a coordinate
frame of head posirions with respoct W gravity, The mean spontineovs
activity of the. responsive neurons was lower in young ruts than in adult
s, Also in young animals, these units showed 3 Jower response gain
ind many uniw had their (ising rare elipped or silenced during a
Portion of the romton cycle, These results suggest thar central
vesnbular peurnns have achicved the cuapacity o process oolith
laformation dusing the posmatal period studied,
(Supporied by & grant from the Research Grants Council.)

CHAMGES IN RESPOMSEES OF CANAL RILATED VISTIBULAR NELRONS
VA GALVANIC aBLATION OF TRREGULAR AFFERONT MBLAN [N
PICEONS LD, DickmantandD.E Ange'as]l *Dopus Swgrry (Orolaryngology)
and Anatomny, Unrv Misasuppi Mad Cenu | fackson, MS 39216 and Degn
Nowology, Univ Zunch, OH-3091, Zurkh, Swazerland

1 sidar W daivrmanc the wauibution of Fmuciranas canal afferens wih diffenm
ay 0 the resp of bulss huciel bilweral galvanic
polasization of the labynaths was wulized (Goldxre ¢ &), | Newnphywnl | 1984
51, 1236-1286). Furet, it was dctcrmunad thot con-tand anadal cusveneg af 23uA (10
) deliversd W U padetcad Ly iuth were sullicient io sllence the aaw
wregularty Gnng affereats. Nert exuaceiiular tngle-unit mroaliogs fmm vestibula
nuckel (VINY paurons were obtained ! decerchrate pigoons aang Randard
electrophysiolagical techaiques. Sinusoldal roations sbow aa eanh-vrrtical amy
were deliverod in different head plancs at feaquendicy 1anging betwren 8 07 w0 7 Ha,
with a magnitude of JU degfeec, both with and without galvansc polarizaton (Y3pA)
ol the Labyriaths. Generally. the ¢dect of bilmenal polan muion upon both vercal
und borizoatal canalerelated VN resp u b ainglc frog y(eg 6 | Hz)wasso
cither dotreak or produce oo change in the gain and DC fiing 13 of dw ezl Ly
ollen, R IncTeasex of CAARRES int e rezponte phase of UM NEUrONS wise olriceved
Most harizontal canal refated it had cdmitar dynamics at afl ericnudons wacd
howevor mag vertical canal relyted VN nearne had difforen response dynamics s
&lfcrent head snentations. [0 como of theze vertical canal retswcd oy { with both
nwmy gty wul pulyyymapius ostrodromic laiencles), bllateral gsh
polarization produccd dilferent ¢lJocts 1 the respanses dependiag upon sumalus
froquency aod besd onenuon. Thut trreguly wemicircular canal afereme aporar
10 contribute o bath the temponal and ipatial rezponze properties of many VN
ocuroay (Supported by NIE-NTHCD grand ¥DCO1092 and by the Whiiaker
Foundatioa)

60.10

ACTIVITY OF SCCOND.ORDER TYPR t mCOIAL VESTIBULAW
NUCLED NEUKONS 1N HEAD-MIXED CUINEA PIG DURING
ALERTNESS AND REM SLRRP M, Scralin®. . de Wacle. M.
Mithlethaler and PP Vidal LPPa, CNRS-Colldge de France, Pann,
Feance and CMU, Depr de Physistogie, Cendve, Suitac

As rcponted in other species, 1ype | second order medial
vestibular nucler neurons (MVNn) display a more or less regular
discharge at rexl In tesponze 1o hurizontal sinusoidal angular
acceleraans, tha MVNn ashibut 3 perodic madulation in finng caie
whuse MLNIumM 8 3ppronmaicly o phase with prak angulae ve by
Some MVNn puuse dunng fust phases onented towards the ipsitaieral
side of rotation. Fewer neurons display 3 bury of actuvity during
contralateral fast phases (o addition, about 0% of the recorded
acurons, exhibit & sasitivay 18 the hotizonial campaneni af ey
positlon These chamciensucs mprnn the suggeslon that the MVNn
inwrinsic membeane properues could be the bass of their segeegation
i topic and phasic neumns In particular, the fact that, i vjvg. some
MVNn burst during the conralateral fast phases fits well with the in
xne)Ndemun)lmﬂuﬂ of 3 tow Uweshold caletum spike 1a a subset of e
M n

During REM sleep, we have described large amplitude {np 10
50°) 10 Hz cyc oscillauans, To cluaidate whether the MVNa menbrane
oscillations that we had been able to induce 1 vt could be rele vanr
yivg for the genesis of these eyes osciliations, we have rrcorded MVN
during REM slecp. Our resulty Jo ax (avour that view since the MVNn
s1ill code head velocity during REM sleep when the guinea pip 1
subrmuticd to horizonral sinusoidal angular accclenations. tn sddition
SOme neurons pause Junng the large ipsilaicral cye movameme

60.12

MORFHOLOCY AND ULTRASTRUCTURE OF CENTRAL AXONS
FROM THE POSTERIOR SEMICTRCULAR CANAL OF A TURTLE,
Parudsmye (Trachemys} serpta. [ A, Hurre 2o Ysuo and £ H. Pateragn,
Neuroblology Program, Ohlo U, Athena, OM 457012978

As pant ol an effort to understand Information channels In the vestibular
nerve we are examinlng the branching patterns and synaptw cantacts made
by the rentaal avons of vesdbular primary aflferents. We labeled avon: by
extracellular infectiuns of HRP Intu the posterior ampullary nerve (TAN),
re¢Onstrucied individual axons, and quantified thels dimensions and
branching pattems using 2 Eutectic morphametry system. In some Cases
wa partially ucted salected beanchee from ultes thin cactions,

Al PAN saons arborize thmughout the vestibular nuclear complea, but
they differ in branch structure and dimensions. Some emit atbon in the
lateral nucleus. Here, preterminal processes and varicovlties are espreially
robust and almaoct entirely flled with round vesicles and mitachondra
Thcy eaniacy somato-dendrde juncdoas, provimal dendAtes, and
branching reglons af prAmary dendrites via evtensive sppoaaltion arcav
{>10,m) that bear multiple active zancs; 3 single arbor may form such
contacts with mare than one lateral nudewus neuron. FAN avons also differ
In branching pattems coudal 10 the Literal oudeus Some amity in the
viclalty of the descending axon, often beardng drrumandbed cluster af
large variositles  Othens emlt long, Aine-caliber processes with lewer,
smaller varicosities that sre widely apaced throughout the mediclneral
entent of the vestibulas complex. These data suggest that differvat PAN
wxuny, and paerhaps Jdillerent branches of the came aaor may exen
heterogentous Fyraptic effects on vestibular Aucieus ncurone

Supported In part by NIH ROI DC 00818
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