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THE IMMEDIATE EFFECT OF SECTIONING HOMOLATERAL
AUDITORY CENTRIFUGAL FIBERS ON THE COCHLEAR
MICROPHONIC AND ACTION POTENTIAL

IN GUINEA PIG

CHAPTER I

INTRODUCTION

Since the early attempts of Cramer and Bournilli to define the
relationship between the magnitude of a physical stimulus and the magni-
tude of the psychological response, investigators have tried to understénd
the coding of sensory systems. Progress toward this goal has been limited
by the lack of sufficient information concerning the anatomy and physiology
of the systems under study. This is especially true in the case of audi-
tion. For many years the auditory system was considered to function
solely through innervation of special somatic afferent fibers carrying
impulses toward the central nervous system. In 1942, however, Rasmussen
discovered the existence of a system of special visceral efferent fibers
which innervated the end organ of the auditory mechanism. He designated
this system the olivo-cochlear bundle (OCB). Rasmussen's discovery stimu-
lated a flurry of neuroanatomic and neurophysiologic investigations and

1l
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copious speculation as to the role of the efferent fibers during auditory
stimulation.

Originally, Rasmussen (99) located only the general course of the
auditory efferent fibers. His observations revealed a complex bundle of
500 special visceral efferent fibers of three to five microns in diameter
coursing from a point medial to the accessory nucleus of the superior olive
through the brain stem, beneath the facial genu, and across the floor of
the fourth ventricle. Some of the fibers terminated in the medial angle
of the medial vestibular nucleus, but the majority proceeded laterally to
the dorsal border of the descending route of the trigeminal nerve where
they joined the afferent brances of the VIII cranial nerve and from there
were distributed to the several turns of the cochlea. Rasmussen designated
these efferent fibers the crossed olivo-cochlear bundle (COCB). At that
time, he failed to observe the final termination of the fibers.

In the same study, Rasmuséen also observed homolateral efferent
fibers arising from the accessory nucleus. These fibers coursed with the
cochlear and vestibular afferent fibers into the cochlea. Galambos (59)
and others have also observed centrifugsa fibers coursing from the inferior
colliculus to the cochlear nuclei. The final termination of these effer-
ent fibers remained obscure for many years following their initial discov-
ery.

Fernandez (49) was the first to suggest that collateral fibers of
the efferent system were directed to the inner hair cells of the cochlea.
Churchill and his co-workers (18) used a histochemical approach in an
attempt to specify the location of the distal endings of the efferent

fibers. Acetylocholine had long been accepted by physiologists as one of
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the primary efferent syneptic transmitters in other efferent systems of
the body (19). Relying on the assumption that the presence of acetylcho-
linesterace (AcHE), an enzyme associated with acetylchaline activity, was
an indicator of acetylochecline concentration, Churchill and his colleagues
isolated AcHE in the regions of both the inner and outer hair cells of
cats and guinea pigs. They concluded that efferent innervation existed
in this area. Rossi (112) observed the presence of AcHE in the efferent
fibers forming the intraganglionic spiral bundle, Visual observation of
hair cell innervation by efferent fibers, however, had not as yet been
accomplished.

Smith and SjSstrand (132) succeeded in visualizing the cochlear
efferent innervation through the use of the high magnification made possi-
ble by the electron microscope. They demonstrated two different major
types, and one sub-type, of nerve endings innervating the outer hair cells.
At a later date Kimura and her associates (77) confirmed the original
observations of Smith and Sj6strand. She observed the nerve endings of
the efferent fibers to be vesiculated and similar in their morphological
characteristics (numerous vessicles) to motor end plates and other pre-
synaptic neural junctions which also generally are considered to be
efferent fibers,

Numerous investigators have directed their efforts toward the
observation of the effect of stiumulation of the olivo-cochlear bundle on
the cochlear microphonic, endocochlear potential, summating potential and
action potential. Galambos (56) was one of the first investigators to use
electric shock to stimulate the OCB and to achieve the effect of this sti-

mulation on the eighth nerve action potential (AP). Galambos observed a
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complete elimination of the AP following OCB stimulation. Fex (51),
using similar stimulation, observed an increase in the cochlear micro-
phonic (CM) voltage following OCB stimuletion. Fex also noticed an in-
crease in the positive resting, or endocochlear, potential (EP) following
OCB stimulation. Konishi and Slepian (7T) observed that the summating
potential became more negative with electrical stimulation of the COCB.
In all instances the four potentials (AP, CM, SP, EP) returned to their
original value following the withdrawal of the electrical stimulation of
the OCB. Desmedt (32), Konishi and Slepian (80) and Rossi (111), all
confirmed the initial observations of Galambos and Fex.

Several hypotheses have been offered to explain the activity of
the auditory efferent system. Hernandez-Peon (70) suggested that the
system may function as a gating mechanism for the separation of meaning-
ful from non-meaningful material and characterized the auditory centrifugal
fibers as being part of a feedback loop functioning in a self-regulating
manner. Bekesy (5) discussed the possible role of inhibitory efferent
nerve fibers in suditory localization phenomenon. The results of different
investigations and the conclusions drawn from them are inconclusive and
the role of the efferent auditory system in audition remains obscure.

It had been noted that small changes in stimulus parameters
(electrical or acoustic) used in stimulation of the efferent system have
been observed to produce large variations in the experimental results.
Consequently, Pfaltz (96) has suggested that the changes observed in the
cochlear potentials when using electrical stimulation may not be the result
of efferent fiber activity but rather may represent an artifact induced by

the electrical stimulation itself.
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While all investigators using electrical stimulation of the ef-
ferent system have observed similar changes in cochlear potentials, none
has been sble to observe a similar response using contralateral acoustic
stimulation. This led Pfaltz (96) and Spong (126) to suggest that the
efferent system may be functioning as a homolateral feedback network
rather than as an inhibiting system on the contralateral cochlea. They
propose that both the COCB and the HOCB may have an ipsilaterasl function
as well as a contralateral function as had been previously suggested.

They point out that while it is true that the majority of the efferent
fibers from the superior olivary complex cross to the contralateral side,
the afferent input to each complex comes from both the homolateral and
the contralateral cochlear nuclei. The anatomical possibility for a homo-
lateral feedback mechanism is thus available.

While a great amount of data has been accumulated pertaining to
the auditory efferent system, no unifying hypothesis has evolved with
regard to its exact function. In part, the problem lies with the com-
plexity of the system itself, reflecting the need to gather more informa-
tion as to the activity of the individual sub-units thereof. The general
purpose of this particular investigation is to examine the effect of
eliminating all homolateral efferent input to one cochlea. The specific
intent of this study is to determine the influence, if any, of homolateral
efferent fibers on the auditory afferent input. To this end, the cochlear
microphonic and action potential were measured before and after sectioning
the homolateral olivo-cochlear fibers and the homolateral lateral lemniscus
in eight guinea pigs. The rational for sectioning both the efferent fibers

in the lateral lemniscus and the homolateral olivary complex fibers was to
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examine in this study the gross effect of eliminating all efferent input
to one cochlea. The following chapter is devoted to a review of the
literature pertinent to the anatomy and physiology of centrifugel fibers

to the cochlea.



CHAPTER II
REVIEW OF THE LITERATURE

Introduction

The human auditory system is a complex network of neurons which
exhibits all of the capabilities of the nervous system in general. It is
composed of both afferent and efferent neurons which facilitate the coding
of peripheral sensory input into neural messages which enable the percep-
tion of acoustic events. The efferent fibers of the auditory system course
from several nuclei in the brain stem to terminate peripherally on the
hair cells of the cochlea or on some central afferent neurons. This chap-
ter is devoted to a discussion of the anatomy and physiology of these
auditory efferent fibers.

There appears to be a unique relationship between the auditory
afferent and efferent systems which allows for the modification of affer-
ent neural activity by the efferent system. The afferent input seems to
trigger efferent fiber activity at several levels of the brain stem which
in turn may facilitate or inhibit the homolateral or contralateral affer-
ent input. Only the advent of new measurement techniques and the use of
the electron microscope has allowed a detailed mapping of the location of

the neural fibers in the auditory system. The discovery of the exact
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pathways of the auditory centrifugal fibers has naturally led to speculation
and experimentation with regard to their function. While a great deal of
both anatomic and physiologic information has been accumulated, many un-
answered questions remain., The following section is a review of the liter-
ature with regard to the anatomic, physiologic and psychophysical studies

of the auditory centrifugal system.

Anatomic Evidence of the Existence of

Auditory Centrifugal Nerve Fibers

Rasmussen (99) was first to report the existence of efferent
fibers coursing from the superior olive toward both the contralateral and
ipsilateral cochleas. Using a degeneration technique, Rasmussen was able
to trace what he termed the crossed olivo-cochlear bundle (COCB) from its
point of origin in the superior olive to the basal turn of the cochlea.
Destruction of the multipolar cells situated medial to the accessory olive
and dorsal to the trapezoid body revealed degenerating fibers rising ven-
trally through the brain stem and moving to the floor of the fourth ven-
tricle. The fibers formed a compact bundle and crossed the floor of the
fourth ventricle rostral to the facial genu. Rasmussen further observed
that some of the fibers entered the medial angle of the medial vestibular
nucleus and terminated while the majority ran laterally to the dorsal side
of the descending trigeminal nerve where they Joined the afferent vestibu-
lar nerve. The bundle then left the medulla running parallel to the ves=-
tibular and facial nerves. The fibers then proceeded to the area of
Scarpa's ganglion. In the area of Scarpa's ganglion, the fibers left the
vestibular nerve to form Oort's anastomosis with the cochlear division of

the eighth cranial nerve.
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Rasmussen (100) was later able to trace the efferent fibers be-
yond Oort's anastomosis. He identified three of four well defined fasci-
culi (small bundles or clusters of nerves). The largest of these passed
through the groove between the basal and second turns of the cochlea
before entering Rosenthal's canal. These fibers then proceeded toward
the second and apical turns of the cochlea. The second fascicle coursed
almost parallel to the afferent cochlear nerve supply of the basal turn.
The third fascicle was inconsistent and could be found in the spiral
ganglia of the middle of the basal turn. All of these fibers were shown
to collect to form what is now known as the intraganglionic spiral bundle.

In a later study, Rasmussen (102) identified & homolateral com-
ponent of the efferent bundle where fibers pass dorsolaterally with respect
to the ascending limb of the crossed component arising from the same
general location in the superior olive. Rasmussen observed that the COCB
was comprised of approximately 500 three-to-five micron fibers while the
HOCB contained approximately one-fifth as many fibers of the same diameter.
Collateral fibers from both the HOCB and the COCB far exceeded the parent
fibers in number. COCB fibers were observed to connect directly to the
ventral cochlear nucleus through collateral branches. The innervation in
the ventral cochlear nucleus was diffuse, however, and the precise termi-
nation of these fibers was not demonstrated. Rasmussen was also able to
show that the origins of both HOCB and COCB in the superior olive were
innervated by afferent fibers from both cochlear nuclei,

Fernandez (49) was able to trace the course of the spiral fibers
discovered by Rasmussen through the cochlea. Fernandez's research revealed

that portions of the interganglionic spiral bundle run apically inside the



10

spiral ganglion as much as one~fourth of a turn or more. These fibers
gave off many collateral fibers which could be traced to the region of
the inner hair cells. Fernandez concluded that the inner hair cells had
both afferent and efferent inmnervation. Fernandez further observed that
the interganglionic spiral bundle had more neurons in the basal turn with
a decreasing population of fibers toward the apical turns. Portmann and
Portmann (98) replicated Fernandez's work with similar results. The ini-
tial investigations discussed above all used degeneration and staining
techniques to observe the course of the efferent fibers. About this time
(1959), however, other investigators turned to histochemical investigations
to further confirm the course of these newly discovered efferent fibers.

The first of the histochemical investigations was carried out by
Churchill and his co-workers (18). Their study was designed to take ad-
vantage of previous information regarding the presence of acetylcholine
as & neural-transmitter in certain efferent systems. Acetylcholine is
recognized as the chemical mediator of impulses at all autonomic ganglia,
all parasympathetic postganglionic términations, sympathetic postgang-
lionic endings at sweat glands, and motor nerve endings at skeletal
muscles, Acetylcholinesterase is an enzyme which reduces acetylcholine
to acetic acid and choline following activation of a succeeding neuron at
the synaptic junction. While acetylcholine cannot be measured directly,
the assumption is generally accepted by physiologists that the acetylcho-
line concentration parallels that of acetylcholinesterase (AcHE). Churchill,
etal (19) was able to demonstrate the presence of AcHE activity in the re-
gion of both the inner and outer hair cells'of cats and guinea pigs. He
did not try, however, to definitely link this AcHE activity to olivo-‘

cochlear bundle activity.
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Schuknecht (123) and Schuknecht, Churchill, and Doran (12h)
demonstrated that the presence of AcHE in the cochlea was dependent on
the integrity of the olivo-cochlear bundle. Following transection and
degeneration of the COCB and the HOCB, AcHE activity was no longer observ-
able in the region of the outer hair cells. It was concluded that the
outer hair cells were the final terminations for the efferent fibers.

Other investigators attempted to confirm the presence of these
efferent terminations visually through the use of electron microscopy.
Engstrom and his co-workers (48), Spoendlin (135), Iurato (7h4), Smith
(127), and Smith and S3y8strand (132) among others demonstrated the exis-
tence of several structurally different types of nerve endings at the base
of the cochlear hair cells with the use of the electron microscope., Nerve
terminals of the first row of outer hair cells were large and granulated
(numerous vessicles), however, the inner row contained a number of smaller
less granulated fibers. Engstrom (48) also noted a double-walled post-
synaptic membrane that could be identified inside the hair cell at the
point‘of contact with the large granulated endings. Smith hypothesized
that the granulated fibers were part of the efferent system.,

Snmith and Sj8strand (132) demonstrated the existence of two
different types of nerve endings at the base of the outer cells as well
as one subtype. Type I endings were small and sparsely vesciculated with
diameters from 0.1 to 1.0 possessing a well defined plasma membrane and
containing few mitochondria (small granules) and vescicles. A "synaptic
bar" consisting of a rod-shaped osmiophilis (readily subject to osmosis)
structure surrounded by a single layer of vescicles was observed to divide

the space between the synaptolemma and the hair cell plasma membrane. They
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(Smith and Sjdstrand) also described some large densely vesciculated nerve
endings measuring up to five inches in length and one-to-three microns in
diameter. These fibers contained numerous closely packed vescicles. They
also contained numerous mitochondria grouped in the portion of the nerve
cell distal to the hair cell. No synaptic bar was observed in this group
of fivers. The nerve endings designated as type 2a have an identical
structure to those of type II but their endings were not in contact with
the hair cells and connected mainly with other nerve endings of fibers.

Smith and Sj8strand (132) classified the individual hair cells
depending upon the type of nerve endings which innervated them. The hair
cells were termed type A if they were in contact with both type I and type
II nerve endings and were termed type B if they were in csntact with the
type I endings. Both Smith and SjOstrand and Spoendlin observed that the
hair cells progress in number from predominantly type A to predominantly
type B from base to apex respectively. Kimura and her co-workers (7T)
demonstrated that in man there are also two types of nerve endings where
synaptic connections exist between the efferent axon and the afferent
dendrite, both in the region of the outer spiral bundle and at the base of
the hair cells. Smith and SjOstrand considered both type 2 and type 2a
nerve endings to be efferent fibers,

Other centrifugal connections have also been demonstrated within
the auditory system. Van Gehuchten (141) demonstrated fibers supplying
both the cochlear and vestibular apparatus of the ipsilateral side coming
from cells in the reticular formation of the pons and medulla. Rasmussen
(106) recently confirmed the existence of the reticulo-cochlear fibers.

Galambos (61) and others have observed the presence of centrifugal fibers
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descending from the inferior colliculus in the lateral lémmiscus to the
ipsilateral cochlear nuclei., Figure I presents a simplified diagram of
the brain stem at the level of the cochlear nuclei.

The anatomical evidence for the location of the auditory centri-
fugal fibers is fairly conclusive. Based on the investigations cited
above and others, the existence of both a crossed and a homolateral
efferent innervation of the outer hair cells from the superior olivary
complex has been established. The physiological significance of this
system, however, has not been so clearly demonstrated. The investigations
pertaining to the physiology of the auditory efferent system are discussed

in the following section.

Physiology of the Auditory Efferent System

The study of the physiology of the auditory efferent system was
initiated by Galambos (56). Galambos investigated the effect of stimula-
tion of the COCB on the action potential (Nl) in the eighth nerve of cats.,
He stimulated COCB fibers in the floor of the fourth ventricle with elec-
trical square waves. The N; response was abolished by this stimulation.
There was an indication of an inconsistent but direct relationship between
the frequency of the electrical shock and the amount of N; reduction.
Optimal reduction was observed at 100 shocks per second. Full recovery
of the N, response was observed two seconds after electricél stimulation
of the COCB was terminated. Placement of the stimulating electrode was
fbund to be crucial for observation of the reduction of Nl; A location
of £2mm rostral to the obex of the medulla was necessary for the reduction.

While Galambos did not discuss the effect of stimulation on the cochlear



FIGURE I

Graphic Representation of the Brain Stem Illustrating
The Cochlear Nuclei (DCN-VCN), The Inferior
Colliculus (IC), The Superior Olivary

Complex (SOC), and The Facial Genu (F.G.)
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microphonic (CM), inspection of his data reveals that the CM was poten-
tiated by the stimulation.

In 1962, Fex (50) studied the effect of electrical stimulation
of the COCB on both the cochlear microphonic and the endocochlear poten-
tials. The procedure used in this study is typical of the majority of
investigations using electrical stimulation to elicit efferent fiber
firing. Fex used decerebrated cats anesthetized with ether, throgenal
and flanedil. He observed an increase of approxiumately three dB in the CM
during stimulation of the COCB. Single fibers were studied to observe the
effect of stimulating the efferent fibers electrically. Fex was able to
locate 505 efferent fibers in his experimental animals., Of these, thirty-
five showed resting activity which was different from typical afferent
resting activity. The efferent fibers showed a regular firing of varying
frequency in contrast to the typical bursts of firing observed in the
afferent fibers. While afferent fibers were shown to generate firing
rates up to 1000 impulses per second, efferent fibers responded to tone
pips of 60dB SPL at a rate of only thirty to fifty per second with most
fibers having a dynamic range of only 30dB (A dynamic range similar to
afferent eighth nerve fibers). Fibers were observed to exhibit an abso-
lute refractory state after twelve milliseconds of stimulation.

The electrical stimulation of the COCB was of 1T to T5 msec.
duration._ The most effective inhibition of the N, component of the AP
response with this stimulus was observed using approximately 250 shocks
per second. As the Nl response decreased while the shock was presented,
the cochlear mocrophonic was observed to increase by a maximum of three

decibels. The endocochlear resting potential was also observed to increase
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as a function of increasing the electrical stimulation of the COCB., The
maximum increases observed were .5mV (average potentials of approximately
80mV are typical). Further increases in the stimulus strength above this
did not increase thg resting potential voltage.

In his summery, Fex suggests tﬁat the following statements can
be made with regard to the activity of the OCB: (1) Acoustic stimulation
will stimulate the auditory efferennt fibers; (2) Electrical stimulation
of the COCB in the floor of the fourth ventricle will cause a decrease in
the Nl response of the eighth nerve; (3) Electrical stimulation of the COCB
in the floor of the fourth ventricle will cause an augmentation of both the
cochlear microphonic potential and the DC endocochlear resting potential
in the cochlea. Implicit with his discussion is the suggestion that the
OCB is functioning primarily as a contralateral inhibitor of afferent
activity. Fex did not, however, attempt to demonstrate whether or not
contralateral acoustic stimulation would have the same effect as midline
electrical stimulation on the action potential, cochlear microphonic, or
endocochlear potential. In another experiment Fex injected strychnine
(a known efferent inhibitor) intraveneously into his experimental animals.
He observed that all effects on the cochlear microphonic and action poten-
tial attributable to the efferent activity disappeared.

In 1966, Wiederhold and Chance (144) investigated the effect of
changing the stimulus parameters employed on the efferent inhibition of
afferent firing. They used barbituate anesthesia in cats whose middle
ear muscle tendons had been sectioned, and delivered a train of shocks to
the floor of the fourth ventricle, followed by presentation of an acoustic

stimulus. The CM responses were averaged on a digital computer. The
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results indicated that the Nl response was significantly reduced in ampli-
tude for the lowest click levels presented to the ear but not for the
highest click levels. Even very strong OCB stimulation did not reduce Nl
amplitude at high sound pressure levels. The authors suggest that this
may be the result of the differences in the waveforms of the stimuli that
activate the nerve endings of the auditory nerve fibers as well as their
location along the cochlea. Other investigators have also observed the
dependence of afferent activity on the stimulus parameters.

Dallos (22) has suggested that when measurement of the action
potential in the basal turn of the cochlea was achieved by using a differ-
ential electrode technique, the observation could only be made when using
a high frequency acoustic stimulation (8Khz) since the CM amplitude
masked out the AP response. The differential technique allows for a local
measurement of the cochlear microphonic and a distant measure of the action
potential, On the other hand Konishi and Slepian (80) observed that elec-
trical stimulation of the efferent system resulted in CM changes only when
the frequency of the acoustic stimulation was approximately 1KHz. Fex (51),
Rossi, etal (117), Galabmos (57) and others have all reported that the
effects of efferent stimulation are maximal when the frequency of the
electrical stimulation is approximately 250 shocks per second. Konishi
(80) observed an inhibitory effect on the summating potential in guinea
pig using electrical stimulation of the COCB; however, he cautions that a
great variation of effect was observed depending on the parameters of the
acoustic signals, the parameters of the electrical stimulation of the

COCB, and even the interval between COCB stimulation and the presentation

of the acoustic stimulus.
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The influence of one cochlea on the contralateral cochlea is
well documented. It appears that the mechanisms by which this cochleo-
cochlear interrelationship is effected may be found in the auditory
efferent system.

Galambos, and his co-workers (62) were the first to study the
cochleo-cochlear inter-relationships. The recorded the N; response follow-
ing stimulation of one ear by & click. When the contralateral ear was
exposed to a similar click, preceding the other one by 1.25 mSec., a
decrease in the ipsilateral N; response was observed., These results were,
however, discounted when it was later observed that similar results could
be observed after sectioning the ipsilateral acoustic nerve.

The existence of functional cochleo~cochlear connections has been
demonstrated (62). These are not connections limited to peripheral organs
alone but are integrated and complemented by other connections at higher
neural centers. Changes in hearing acuity of one ear associated with
pathologic processes in, or following surgery of the contralateral ear
have been suggested. The exact manner in which afferent-efferent inter-
action influences the auditory mechanism is still obscure; however, the
activity of the auditory centrifugal fibers provides at least one possible
explanation of the behavioral observations mentioned above. Following
are some of the more important of these observations.

Investigators have hypothesized that collateral auditory efferent
fibers function as a sharpening or funneling mechanism (5)., Both fre-
quency and intensity discrimination have been considered in the hypothesis.
While the results of the behavioral studies in some instances tend to
support this hypothesis, behavioral investigations concerning the olivoe

cochlear system have not yielded conclusive evidence in this regard.
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Galambos (61) using classical conditioning techniques investigated
absolute thresholds for tones of 300, 500, and 1500 Hz in the presence of
an unspecified mesking noise before and after transection of the COCB in
caxs; The results revealed no change in the absolute threshoid. Using
implanted electrodes, the N; potentials were measured bilaterally in
sleep and wakefulness, during anesthesia, while the animal was excited and
while the animal was observing a mouse (a condition which produced changes
in the neural activity in other parts of the CNS). No consistent and
reliable changes were found in the ear with the middle ear muscles cut.
Although conditioned responses were evident, no effect on the OCB could
be observed.

Brugg, Anderson and Aitkin (14) in their study of the dorsal
nuclei of the lateral lemniscus suggested that inhibitory effects in the
lateral lemniscus suggested that inhibitory effects in the lateral lemnis-
cus due to contralateral acoustic stimulation are due to impulses arriving
over pathways directly from the cochlear complex of the contralateral side.,
They suggest that possibly the effects of stimulation of the ipsilateral
ear arise from neurons in the superior olivary complex and which project
to neurons in the dorsal nucleus on the same side.

In 1969, Pfalz (94) studied the effect of contralateral acoustic
stimulation of the cochlear potentials in guinea pigs. A differential
electrode technique was used by Tasaki, Davis and Legouiz in 1952 for
recording the Ny, Ny and CM. No changes in the action potentials or
cochlear microphonic were observed by Pfaltz as a result of contralateral
acoustic stimulation with pure tones or clicks. In his discussion, Pfalz

suggests that the lack of evidence for a function of the olivo-cochlear
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bundle is only in conflict with the findings of other investigators if it
is assumed that there must necessarily be a crossed function of the bundle
under non-experimental conditions. Pfalz points out that in studying

crossed efferent activity,

generally each of the two ears must be stimulated separately,

for only at the level of the cochlea and the cochlear nucleus

can efferent crossed action best be studied. The chief dif-

ficulty in such an experiment is in rebutting the opinion

that a reduction of a potential such as the N,/N, is not due

to neural inhibition but rather to peripheral physical crossed

masking (90).
Electrical overstimulation may yield non-physiologic inhibition due to the
electrical activity itself.

It is generally the integrative action of the synapse which

limits excitation in a neural pathway whereas the nerve usu-

ally can be electrically driven to far higher spike-rates of

excitation if its synaptic junction is bypassed (90).
This is the case with electrical stimulation of the COCB in the floor of
the fourth ventricle since the synapse is located in the superior olivary
complex,

Pfalz (94) further discussed the lack of 'natural' presentation
during previous studies of the efferent system. For an example of this
he refers to the stimulation of one ear using a 1KHz tone of 90dB and the
other ear with a 1KHz tone of 30dB as Fex had done. Differences of this
magnitude between the two ears do not occur under normal conditions in
life. Rasmussen (102) as early as 1953 emphasized the function of the
OCB as being, most likely, homolateral. Primary afferent fibers from the
left cochlea proceed through the left cochlear nucleus to the ipsilateral-

and contralateral superior olivary complex. The homolateral efferent

fibers to the left cochlea arise from the left superior olive while the
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contralateral efferent fibers to the left cochlea arise from the right
superior olive. Pfalz (94) suggests that this functionally unilateral
circuit may be inhibited or potentiated by higher auditory centers such
as the inferior colliculus or the medial geniculate body by way of centri-
fugal pathways which may contact the left olivocochlear system in the left
cochlear nucleus or in the superior olivary complexes of both sides. The
possibility of the right cochlea contributing to the activity of the left
efferent system is thus not excluded and may be effected via other centri-
fugal systems.

In summary, while the centrifugal auditory system has been
studied quite extensively, the physiological and behavioral data are some-
times equivocal. There are several possible sources for lack of agreement
in the studies of the auditory efferent system. The use of different
experimental animals may in itself be on source. In the cat, for example,
no reticulo-efferent fibers have been demonstrated. The use of different
levels, or type of, anaesthesia may contribute to the variations observed.
Variation due to changes in stimulus (acoustic or electrical) parameters
have been shown to produce equivocal results. There is even evidence to
suggest the possibility that use of electrical stimulation as a means of
investigating the efferent system may produce artifactual results. It is
clear that additional investigation is necessary before the specific func-
tion or functions of the auditory centrifugal system will fully be under-
stood. Persuant to this need, the present investigation examines the
effect of eliminating all efferent feedback to one cochlea in guinea pig.
The following chapter will present in detail the methods used in this in-

vestigation of the auditory centrifugal system.



CHAPTER III

DETAILS OF THE EXPERIMENT

Introduction

Several different techniques have been used to examine the acti-
vity of the auditory centrifugal system as has been indicated in earlier
chapters. The majority of the previous studies of the physiologic
activity of the efferent system have used electrical stimulation to trigger
the neurons in the olivo~-cochlear bundle. In the present investigation a
procedure was used for sectioning the auditory efferent fibers on one side
of the brain stem. Table I indicates the temporal measurement sequence.

A detailed description of the experimental enimals, apparatus and proce-

dures used in this study follows.

Experimental Animals

Eight healthy white guinea pigs weighing between 40O and 500 grams
served as experimental subjects for this investigation. As control for
normal hearing, a normal Preyer reflex (pinna reflex to whistle) was re-
quired before the animal was accepted. The external auditory meatus and
tympenic membrene were examined to eliminate guinea pigs with otitis

externa or otitis media.,

22
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Surgical Preparation

The surgical preparation used in this experiment was a typical
ventrolateral approach as originally described by Davis, Gernandt and
Riesco-MacClure (31). The animals were anesthetized by intraperitoneal
injections of sodium pentobarbital (Nembutal) using .45cc/Kg body weight
as dosage. Immobilization of the animal was accomplished by intravenous
injection of curare following cannulation of the left jugular vein.

Following the anesthesia a midline saggital incision of approxi-
mately 2cm was made using surgical scissors., The trachea was then cut in
half anteriorally and a glass "t" cannula, with a rubber tube and a clamp
regulator attached, was tied into the trachea. The animal was then fas-
tened to a head holder which consisted of two hollow steel rods in a "C"
clamp. The rods were then inserted into the ear canals and a nose clamp
attached to the snout.

The auditory bulla was then exposed by deflecting the overlying
tissue., The tissue on the left side of the trachea was deflected to expose
the left jugular vein., This vein was then cannulated and connected to a
2-way syringe for injection of more anesthesia or curare as needed.
Following this, an artificial respirator (Harbard) was connected to the
glass regulator and set for TScc per stroke with 60 strokes per minute.
Surgical thread (00 size) was guided along the medial surface of the left
mandible and under the tissue of the neci: to exit lateral to the right
carotid artery. The neck tissue was then tied loosely and pulled toward
the left to allow better observation of the right auditory bulla. The
right sternocleidomastoid muscle was then broken free from its insertion

and deflected superiorly to expose the bulla. The right msndible was ‘
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then broken distally to broaden the field of cision around the bulla,
The mandible and muscles of masticulation were tied lateralward to keep
them from covering the bulla area. The right bulla was then opened to
expose the cochlea within.

A dental drill (Emesco) was used to drill a kidney shaped hole
(with convex side medialward) in the bulla from a point inferior to the
tympanic membrane medialward in order to allow observation of the entire
cochlea., Care was taken not to damage the tympanic membrane during this
procedure. Following this, with the aid of an operating microscope, two
holes were drilled in the basal turn of the cochlea, one in scala vesti~-
buli and the other in scala tympani. These holes were drilled by usiné a
needle which had been sharpened to a three sided point and attached to a
hand holder. By observing the changes in the color of the bone chips
vwhen first dampened by cochlear fluid it was possible to stop penetration
of the needle with a minimal loss of the perilymph. Care was taken to -
keep the cochlea dry with suction during drilling in order to facilitate
observation of the bone penetration. At this time the pickup electrodes

were introduced into scala media and scala tympani.

Measurement of the Cochlear Microphonic

and Action Potential

Measurement of the cochlear microphonic (CM) and action potential
(AP) was accomplished by ‘asing two stainless steel electrodes and a modi-
fied differential electrode technique as suggested by Dallos. The steel
electrodes were coated with a paint (Targon) except for approximately 500

microns of the tip. The billla was isolated from the surrounding tissue by
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means of an ear speculum which had been cut back to expose an area of
approximately two cm by one-and-one-half cm and attached to the head
holder by a steel connecting rod. The electrodes were inserted into scala
media and scala tympani and fixed to the sides of the speculum. The elec-
trodes were held in place by fastening them to the sides of the speculum
with dental cement (Emesco).

The electrodes were then attached to two preamplifiers, one an
inverting and the other a non-inverting amplifier. The outputs of the two
amplifiers were directed to a switching box for selection of either the
CM or AP mode for displasy (Figures 2 and 3). In both the CM and AP modes
the reference electrode was grounded to indifferent tissue via the head
holder inserted into the external auditory mestus. The signal was directed
to the differential input amplifier (Tektronix 2A61) of a dual beam oscil-
liscope. An oscilliscope camera was used to photograph the CM and AP,
Photographs of both the CM and AP were made prior to cerebellar excision,
following cerebellar excision and following centrifugal sectioning. A
pulsed acoustic stimulation with a 250 msec duty cycle of the cochlea was
maintained from the time that the electrodes were attached to the prepara~
tion until the second photograph of the cochlear microphonic and action

potential was obtained.

Surgical Sectioning of Centrifugal Fibers

The course of the crossed olivo-cochlear bundle across the mid-
line in the floor of the fourth ventricle and superior to the facial genu

is well documented (60, 99, 100, 101). The homolateral efferent fibers of

the superior olive have been demonstrated to loop around the ipsilateral
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facial genu (100). Centrifugal fibers from the inferior colliculus have
been shown to proceed inferiorly along the lateral lemniscus to synapse
in the cSchlear nuclei (38). In order to eliminate any efferent activity
to the homolateral cochlea, two surgical sections were made in the brain
stem of the guinea pig. Using a number ten scalpel (Board Parker), a
saggital section was made approximately onemm to the right of the midline
and approximately .5 mm deep running just superior to the facial genu.
The second incision was a transverse section at a point .5 em superior to
the first incision on the right side of the brain stem and deep enough to
section the lateral lemniscus on that side. The location of both these
incisions was confirmed following one of the experimental runs by fixing
the brain stem with Heidenhein-Susa solution, imbedding in collodion and
staining with blue stain for microscopic examination., Figure 4 presents

a schematic of the surgical lesions.

Acoustic Stimulation

A sine wave generator (Hewlett Packard 200 ABR) was used to gener-
ate a 1000Hz signal which was used to stimulate the right ear of the guinea
pig. The pure tone signal was electronically switched (Grason Stadler 829C)
to generate a 250mSec., pulsed tone with a 25mSec., rise and decay time for
the cochlear microphonic measurement action potential measurement. The
timing of the electronic switch was cbntrolled by the use of a wave form
generator (Tektronix) and two pulse generators (Tektronix). Figure 5 pre=
sents a block diagram of the apparatus used to generate the acoustic sig-
nals. Sound pressure level calibration at the earphone tip was accomplished

by use of a probe microphone and microphone complement (Bruel and Kjaer).



FIGURE III

Graphic Representation of the Brain Stem Illustrating
The Cochlear Nuclei (DCN-VCN), The Inferior
Colliculus (IC), The Superior Olivary
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FIGURE V

Simplified Block Diagram of the Apparatus Used to Generate the Acoustic Stimulus,
Shown are the Pure Tone Oscillator (0SC), the Wave Form and Pulse Generators
(W.G. and P.G.), the Attenuator (Att), the Transformer (X) and
Hearing Aid Transducer,
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In order to isolate auditory stimulation to one ear the sound
was transduced by a hearing aid receiver (50 ohms) which was acoustically
isolated within a small (3"xL"x2") electrically shielded metal box packed
with cotton. The sound was directed to the right ear canal by means of a
polyethylene tube which was connected to a hollow metal ear holder fixed
in the bony external auditory meatus. Figure 6 illustrates the transducer
housing and linkage to the head holder. During all measurements the ani-

mal was isolated in a single wall acoustically treated booth (IAC).

Summary of Experimental Design

The purpose of the present study was to examine the immediate
effect of sectioning the homolateral olivo-cochlear bundle and the des-
ing centrifugal fibers in the lateral lemniscus on the cochlear micro-
phonic and the action potential of the homolateral cochlea. The olivo-
cochlear bundle was sectioned Just superior to the facial genu in the
floor of the fourth ventricle. The lateral lemniscus was sectioned
approximately 5 cm superior to the initial incision and inferior to the
inferior colliculus. To this end the effect of sectioning the efferent
innervation of one cochlea on the cochlear microphonic (CM) and action
potential (AP) of that same cochlea was studied. This purpose was achieved
by observing the cochlear microphonic and action potential of guinea pig's
cochlea under two conditions. First, the CM and AP were observed and
photographed during acoustic stimulation of the right ear with a 1000 Hz
pure tone at 90dB sound pressure level (SPL). Secondly, the CM and AP
were observed and photographed during stimulation with the same acoustic

stimulus but following surgical sectioning of the homolateral auditory
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FIGURE VI

Detailed Drawing of the Electrostatically Shielded Box Housing the' Transducer and
the Method of Coupling the Acoustic Signal to the Ear of the Experimental Animal.




34
centrifugal efferent fibers of the superior olivary complex and the in-
ferior colliculus. Observation of the cochlear microphonic after surgical
excision of the cerebellum was used as an experimental control to rule out
the possibility that the observed result was attributable to the trauma
associated with cerebellar excision.
The following chepter presents a discussion of the results of the

experiment and the conclusions drawn from them.,



CHAPTER IV

RESULTS, DISCUSSION, AND SPECULATION

Introduction

The specific function of the auditory efferent fibers in the
neural coding of acoustic input is yet to be explained. While several
investigators have examined the activity of these fibers, no unifying
hypothesis has been developed to explain their complete role. A pressing
need in this area is the accumulation of sufficient information about the
groups of auditory efferent bundles to allow speculation with regard to
their contribution to auditory input control. The intent of this parti-
cular investigation was to contribute further information regarding the
activity of this system. The experimenter examined the immediate effect
of sectioning both the homolateral olivo-cochlear efferent fibers (OCB)
and the homolateral centrifugal fibers from the inferior colliculus using

the methods previously described.

Results
The results obtained in this investigation were analyzed with
three basic questions in mind. First is the question of whether or not
a generalized trauma to the posterior cranial fossa itself would cause

35
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any significant changes in the cochlear microphonic and/or action poten-
tial; second, the effect on the cochlear microphonic sectioning of the
OCB and homolateral lateral lemniscus; third, the effect of sectioning
the OCB and lateral lemniscus on the action potential. Each of these

questions are considered separately below.

Effect of Cerebellar Excision
) In general no significant changes in either the cochlear micro-
phonic or the action potential were cbserved following cerebellar exci-
sion in any of the eight animals. In all cases the absolute voltage
changes observed were less than that seen in the ongoing variation prior
to or following cerebellar excision. In 2ll animals, the maximum and
minimum voltages in the pre-cerebellar excision time period were within

3mV of the maximum and minimum voltages observed in the post-cerebellar

excision time period for the cochlear microphonic.

Effect of Sectioning Homolateral OCB and
Lateral Lemniscus on Cochlear Microphonic
The immediate effect of sectioning the homolateral OCB fibers and

the lateral lemniscus was to produce an increase in the cochlear micro-
phonic in every experimental animal. The measurement of the differences
observed was accomplished by visual observation and noting in a ledger
the maximum and minimum voltages during the various time periods pre-
viously specified. It was realized that a better technique would have
been a continuous recording of the CM throughout the entire time period
but due to the lack of the necessary equipment for such measurement the

less desirable sampling method was chosen. The pre-section and post-section
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maximum and minimﬁm voltages were recorded and the voltage ratios of
these differences were then calculated. Based on these voltage ratios
the decibel equivalent was then calculated. Teble II presents the vol-
tage differences observed and the accompanying voltage ratios and deci-
bel differences for each animal. The photographic reproductions in
Illustration I typify the observations made during the measurement of
the cochlear mictrophonic.

Since only two data points, maximum and minimum voltages, were
gathered for the pre~ and post-section conditioms, no assumptions were
made with regard to the homogeneity of variances or the normalcy of the
distributions of the measure. In order to test for significant diffe-
rences between the pre- and post-section conditions a powerful non-para-
metric test of differences was sought. Since the Walsh test of differen-
ces is considered to be a very powerful test and when compared to the
parametric t test has a power efficiency of 95% for most values of N
and , it appeared as the statistical test of choice (122). The only
assumption underlying this test is that the populations are symmetrical,
so that the mean is an accurate estimator of central tendency and equal
to the median. Measurement of voltage met the requirement of measure-
ment at an interval scale. It was felt that by using mid-range points
between the manimum and minimum voltages it would not be in violation of
these éssumptions to apply the Walsh test to these data. The results of
this test are presented in Table III and indicate that the post-section

voltages were significantly larger than the pre-section voltages (.008

level of confidence).
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TABLE II
SUMMARY OF COCHLEAR MICROPHONIC CHANGES OBSERVED
Voltage ratios expressed represent the

variation observed in the pre section and
the post section cochlear microphonic '

voltages.
Pre Section
Animal Min.Voltage Max.Voltage Voltage Ratio Decibel Equiv.
1. 51mV 58mV 1.137 0.595
2. 5imv T0mV 1.296 1.159
3. TomvV 8imv - 1.200 0.792
' 58mv 64mv 1.103 0.k2s5
5. T0mv 79mV 1.128 0.461
6. 56mV 60mvV 1.071 0.297
T. 65mV TimV 1.092 0.342
8. 62mv 69mV 1.112 0.L461

Post Section

1. 95mV 104mv 1.094 0.390
2. 115mV 126mV 1.095 0.39L4
3. 119mV 120mV 1.008 0.034
L. 102mvV 111mV 1.088 0.366
5. 105mV 1i2mV 1.066 0.277
6. 10kmVv 110mV 1.057 0.212
T. 130mVv 141mv 1.084 0.350

8. 126mV 130mv 1.031 0.128



ILLUSTRATION I

Photographs of Cochlear Microphonic Before and
After Section of Centrifugal Fibers

BEFORE SECTION

AFTER SECTION
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TABLE III

Summary of the Statistical Analysis '
of the Cochlear Microphonic.

Pre Section Post Section Difference Decibel Rank Order
Animal Mid Range Mid Range Scores Difference Differences
1. 55.0mV 100.0mV 45.0 2.595 dy bs.o0
2. 62.5mV 120.0mV 57.5 2.833 a6 ST.5
3. T77.5mV 119.5mV 42.0 1.701 do k2.0
L, 62. 5mV 106.0mvV Lk4.5 2.294 das Li.s
5. 75.0mV 107.5mV 32.5 1.562 dy 32.5
6. 5T.5mV 107.0mV L9.5 2.616 ds b49.5
T. 67.5mV 135.0mV 67.5 3.013 dg 67.5
8. 65.0mV 128.0mv 63.0 2.942 a7 63.5

Statistical Summary of Walsh Test

If a8 O or d1 O with N=8
Scores are significantly different at .008 level
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Effect of Sectioning the Homolateral OCB and
ction Potential

The immediate effect of sectioning the homolateral OCB fibers
and the lateral lemniscus was to produce a reduction of the action poten-
tial. As with the cochlear microphonic the measurements were chtained by
visual observation of the oscilliscope for the time period specified.

The maximum and ;inimum voltages for the pre-section and the post-section
conditions were then recorded. Table IV presents the maximum and minimum
voltages, the voltage ratios and the decibel equivalents for these ratios
observed in both the pre-~ and post-section conditions for all animals.

In four of the animals the reduction of the action potential was greater
than the minimum discernable AP voltage on the oscilliscope (10mV). 1In
each of these casés, the voltage was taken to be less than 10mV and this
figure was used to calculate the difference scores. The photographic re-
productions in Illustration II typify the observations made of the pre-
and post-section action potentials.

As in the case of the cochlear microphonic it was felt that a
non-parametric test of differences would be most applicable in this case.
Again, the Walsh test of differences was chosen and the results of this
test indicate that the pre- and posi-section action potential voltages
were significantly different at the .008 level of confidence. Table V
summarizes the statistical analysis used.

In summary, it appears that sectioning the centrifugal input to
one cochlea has a specific effect on the cochlear microphonic and action
potential of that cochlea which is not the result of a generalized neural
trauma to the posterior cranial fossa. The following section discusses

the results obtained in this investigation.
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TABLE IV
SUMMARY OF ACTION POTENTIAL CHANGES OBSERVED
Voltage ratios expressed represent
the variation observed in the pre
section and the post section cochlear '

microphonic voltages.

Pre Section

Animal Min.Voltage Max.Voltage Voltage Ratio Decibel Eguiv.

1. TomV 8omv 1.1k2 0.569
2. 58mV TOmV 1.206 0.792
3. 60mvV T6mV 1.266 1.004
k. TémV 8hmv 1.105 0.607
5. 50mV 68mv 1.360 1.335
6. 6LmV T0mvV 1.093 0.3Th4
T. 50mV 66mv 1.320 1.206
8. 68mV T70mV 1.029 0.086

Post Section

1. 10mV 10mV 1.000 0.000
2. 10mV 10mV 1.000 0.000
3. 10mv 10mV 1.000 0.000
k., 26mV 30mvV 1.153 0.607

5. 1hmv 20mvV 1.426 1.523
6. 30mvV homy 1.400 0.128
T. 10mvV 10mV 1.000 0.000
8. 10mV 10mV 1.000 0.000



ILLUSTRATION II

Photographs of Action Potential Before and After
Surgical Section of Centrifugal Fibers

BEFORE SECTION

AFTER SECTION
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TABLE V

Summary of the Statistical Analysis !
of the Action Potential

Pre Section Post Section Difference Decibel Rank Order
Animal Mid-Range Mid-Range Scores Difference Differences
1. 75.0mV 10.0mV 65.0 8.750 dg 65.0
2. 64.0mV 10.0mV 54.0 8.061 ds 5h.0
3. 68.0mV 10.0mV 58.0 8.325 dg¢ 58.0
L, 80.0mV 28.0mV 52.0 4,559 dy 52.0
5. 59 .0mV 17.0mV k2.0 5.403 do k2.0
6. 67.0mV 36.0mV 31.0 2.697 dy 31.0
7. 58.0mV 10.0mV 48.0 7.634 d3 k8.0
8. 69.0mV 10.0mV 59.0 9.390 a7 59.0

Statistical Summary of Walsh Test

If dg O or 41 O with N=8,
Scores are significantly different at .0008 level.
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Discussion

The primary concern of this investigation was to establish the
immediate effect of sectioning the homolateral centrifugal fibers to ome
cochlea on the cochlear microphonic and action potential recorded from
that same cochlea. The conclusion based on the results obtained is that
there is indeed an immediate effect observed by sectioning the homolate-
ral centrifugal fibers, the effect being an increase in the cochlear micro-
phonic voltage and a decrease in the action potential voltage. This ef-
fect is similar to that observed in investigations using electrical sti-
mulation in the floor of the fourth ventricle to trigger olivo-cochlear
fiber activity.

The results observed in this study suggest several possible con-
clusions as to the cause of these changes. Of consideration, first
is the question of whether or not the effects observed are the result of
generalized neural trauma secondary to the surgical procedures involved,
rather than to the section of the OCB and lateral lemniscus per se.
Second, is the consideration of whether or not the results in whole or
part, derive from damage to other structures or neural pathways. Finally,
if the results are, indeed, attributable solely to the sectioning of the
OCB and lateral lemniscal fibers, then is this effect a short-term effect
of acute trauma or is it a permanent effect truly representative of the
interruption of the pathways. Each of these questions will be considered

gseparately in the following discussion.
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Generalized Neural Trauma

It is doubtful that the changes in the cochlear potentials were
due to general treuma since one would exﬁect to see these changes follow-
ing cerebellar excision inasmuch the trauma to the posteriorhcranial fossa
would far exceed that which is created by the sectioning of the auditory
centrifugal fibers. Since in this as well as several other investigations,
cerebellar excision itself did not produce changes in the control poten-
tials (CM and AP), it seems reasonable to rule out & general traumatic
effect as the cause of the changes in the cochlear potentials due to the
nueral trauma. Also, in one animal in this study a ten hour observation
of the.CM following cerebellar excision produced no significant changes.
Previous investigation has indicated that sectioning of only the auditory
afferent fibers does not produce significant changes in the cochlear mi-
crophonic (59). If no changes in the CM were observed following afferent
sectioning, it is doubtful that the sections used in this study would cause
such changes due to the trauma alone. If the effect observed was then due
to interruption of the OCB and lateral lemniscus pathways, it is doubtful
that the effects observed would diminish following recovery from the
trauma of the sectioning since the central nervous system does not have
the capability for regeneration of nerve fibers in their original pathway.

Direct trauma to the first order afferent neurons of the VIII
nerve was avoided in this investigation by the location of the site for
surgical sectioning of the centrifugal fibers. The section of the olivo-
cochlear fibers was achieved by cutting these fibers dorsal to the facial
genu. The descending fibers ¢. the inferior colliculus were cut in the

lateral leminscus which would only involve second order afferent neurons.
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Also the general trauma to the posterior cranial fossa induced by cere-
bellar excision would far exceed that produced by OCB sectioning alone,

thus suggesting that the effects observed are the direct result of the

interruption of the efferent fibers.

Damage to Other Structures or Pathways

. With regard to the second consideration, that being the question
as to whether the results observed were the effect of some neural activity
other than the auditory centrifﬁgal system, it is again doubtful that this
would explain the cause of the observed effects. In the first place, the
location of the olivo-cochlear bundle has been confirmed in several in-
vestigations and the superficial location of these fibers provides easy
access to sectioning superior to the facial genu. The location of the
lateral lemniscus is also well documented and surgical section used in
this investigation was deep enough so as to insure that these fibers

were included in the section. The question of whether or not sectioning
of neural fibers not associated with either the crossed olivo-cochlea:!
bundle or the descending centrifugal fibers of the lateral lemniscus may
influence the Ap and CM potentials is also pertinent. While no histolo-
gical confirmation of all fibers sectioned was obtained, the depth of the
section at the level of the facial genu should preclude direct damage to
any but the crossing olivo-cochlear fibers. While no histological confir-
mation to assure that only a partial section of these fibers was not ef-
fected, reference to a sterotaxic atlas was used in an attempt to prevent
this possibility. Further, at the level of section of the lateral lemnis-

cus, the fibers involved would include only some of the brachium
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conjunctivium, the central tegmental tract, and the medial lemniscus,
none of which would seem likely to influence either the VIII nerve action
potential as recorded from the cochlea or the cochlear microphonic.

Included in the question of whether or not the effect observed
was the result of OCB and lateral lemniscal efferent activity alone is
the implication that the auditory efferent system is functioning as both
an Iinhibitory and a facilatory network. If this is the case then the
results seem more logical.

The results obtained in this investigation were the product of
cutting both the homolateral olivo-cochlear bundle and the descending
centrifugal fibers in the lateral lemniscus which complicates comparison
with the studies using electrical stimulation. The sub-cortical control
centers such as the olivo-cochlear bundle are probably subservient to
higher cortical control centers which are phylogenetically the younger
systems. The activity of the descending centrifugal fibers may influence
the auditory input by way of their action on the sub-cortical control
centers. Apparently, the net results of the activity of the higher centri-
fugal and subcortical control centers is an interplay of excitation and
inhibition resulting in neural coding for perception of subtle acoustic
differences.

The magnitudes and temporal order of events occurring at the two
ears must be reflected in some usable neural code. Sensitivity of an
auditory neuron to the interaural phase difference of low frequency tones,
for example, is the result of convergence of periodic excitatory and in-
hibitory events evoked by stimulation of each ear (103). The importance

of the olivary complex in this coding is demonstrated by the phase
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gsensitivity of neurons in the superior olivary complex which is highly
correlated with the relative timing of the periodic excitatory and in-
hibitory events evoked by stimulation of each ear (67).
It is recognized that the limits of this particular investigation
restrict the latitude of speculation possible, however, with the direction
of future investigation in mind, the possible dual function (inhibitory

and--facilitory) of the auditory efferent system is suggested.

Short Term Trauma Effect Versus

True Pathway Interruption Effect

That stimulation and destruction of the same neural fibers would
produce similar results, as previously mentioned, is disconcerting. Per-
haps the effect observed in the studies using electrical stimulation was
the result of a potentiation of the nerve fibers creating a condition simi-
lar to that observed when the nerve is in absolute refractory period. It
has been further suggested that the effect of electrical stimulation in the
floor of the fourth ventricle does not represent normal physiologic acti-
vity since electrical stimulation bypasses all the synapses of the compound
olivo-cochlear system.

It is generally the integrative action of the synapse which

limits excitation in a neural pathway, whereas the nerve

usually can be driven to far higher spike-ratios of exci-

tation if its synaptic junction is bypassed (96).
If, then, the results of the previous investigations are due to 'over-
driving' the nerve rather than to the normal physiologic response, perhaps
the similarity between those results and the results obtained in the present
study is a product of the electrical shock having a similar effect as the

surgical sectioning.
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The current information with regard to the specific function of
the auditory efferent system is limited and the results of previous in-
vestigations seem to be ambiguous. This, however, is often the case in
attempts to explain neural phenomena by investigators using different
approaches. The following section will attempt to present one possible
explanation of the results obtained in this and previous investigations

which will generate a working hypothesis for further investigation, if

nothing else.

Speculation Based on Current Findings

And an Overview of the Literature

Several studies pertaining to the activity of the auditory cen-
trifugal system indicate possible explanations of the manner in which it
functions.

Investigations of the ventral cochlear nucleus indicate the pos-
sibility that this may be one focal point for both homolateral and contra-
lateral centrifugal activity. Observations of decreases and even complete
elimination of the action potential in the ventral cochlear nucleusg as a
result of contralateral acoustic stimulation have been attributed to the
auditory efferent system (92). The observations are especially significant
in attempting to explain localization phenomenon. A commissurectomy in the
trapezoid body of cats reduces their localization capabilities by a factor
of two. The surgical effect is to prevent efferent fibers from crossing
to the ventral cochlear nucleus and thus the inhibitory activity of
this system is retarded.

The effect of the centrifugal fibers on second-order afferent

neurons has also been suggested. Dunker and his co-workers (33) have
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observed inhibition of the second-order afferent neurons as a result of .
contralateral acoustic stimulation. As in all previous studies the latency
and magnitude of the effect was influenced by the frequency and inteﬁsity
of the acoustic stimulation.

The study of the activity of the olivo-cochlear system is further
complicated by the presence of corticofugal fibers which connect the temporo-
insular cortex with the inferior colliculus (35). From this ‘location,
further centrifugal fibers descend to the cochlear nuclei (104). Fibers
have been shown to connect the ventral cochlear nucleus of the'contra-
lateral side (33). The ventral cochlear nucleus also receives ipsilateral
fibers from cells within the superior olivary nucleus (107). The existence
of these several centrifugal systems complicates overall speculation in
any specific instance; however, the observation of the behavior of the
system as & unit suggests certain possible roles for the auditory centri-
fugal fibers.

Increases in the differential threshold upon contralateral stimu-
lation with a signal of the same frequency have been observed by Chocholle
(16). A decrease in the differential threshold, however, has been observed
when the contralateral stimulus was of a different frequency. The depen-
dence of the specific efferent effect on the stimulus parameters in physio-
logic studies may explain this differential effect. Galambos and his
collegues (62), suggest that it is the inhibitory activity of the reticular
centrifugal fibers. The reduction of the recruitment sensation in one ear
by exposing the contralateral ear to the same sound is explained as a
product of "recruitment-compensating" crossed neural inhibitory efferents

while degeneration of efferent inhibitory tracts may result in central
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recruitment (33). The recruitment phenomenon itself has been attributed
to the elimination of an inhibitory effect that certain sections of hair
- cells exert upon their surrounding cells which may be effected through the
efferent fibers there. This phenomenon in the sense of vision is well
documented in studies of Mach band activity of collateral afferent fibers.
Perstimulatory adaptation which employs a monaural stimulation technique
can be inhibitedfusing dichotic stimulation which suggests the effect of
an intercochleo-bulbo-cochlear efferent activity.

The interference of other sensory systems on the auditory system
has also been attributed to the activity of the auditory centrifugal
fivers (126). Hahn and Demechelis have assessed auditory adaptation using
the tone decay‘test. In one of the experimental conditions a light signal
was also applied. 1In all of the subjects, the introduction of the light
stimulus shortened the time of perception of the signal at threshold. The
authors suggested the efferent cochlear fibers as the physiologic bases for
their results.

The role of the reticular formation of the brain stem has also been
studied with respect to its effect on the control of auditory input. Con-
nections from the auditory afferent fibers to the reticular formation have
been demonstrated both from the mesencephalon and the metencephalon (10L4).
Acoustically evoked potentials have been recorded from the reticular sub-
stance (107). In turn collateral fibers from the reticular formation have
been described coursing to all sensori-nuclei of the brain stem. In
general, the reticular formation have been described coursing to all sensori-
nuclei of the brain stem. In general, the reticular formation serves as a

cortical arousal system and changes in the auditory evoked potentials
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have been observed as a result of changes in the reticular system activity
(117). Thus, the general activity of other auditory centrifugal fibers
may well be modified by the excitatory state of the cortex or lower brain
stem neurons, or on the other hand, impulses reaching the auditory areas
may modify the excitatory state of the reticular substance (116).

If, then, one can accept the apparent duality of function in the
suditory centrifiigal system, a plausable hypothesis with regard to its
overall activity evolves. Neural system activity in general is recognized
as being the product of a combination of both inhibitory and excitatory
processes as observed in the generation of exictatory and inhibitory post
synaptic potentials. Evidence p&eviously mentioned, suggests this same
phenomenon exists within the auditory centrifugal system. Eventually all
changes in the auditory centrifugal system could influence activity at
the ventral cochlear nucleus. Even centrifugal fibers from the temporal
insular cortex which proceed to the inferior colliculus are indirectly
connected through lateral lemniscal fibers to the ventral cochlear nucleus.
Complex interaction through collateral fibers have been demonstrated be-
tween the ventral cochlear nucleus and the superior olivary complex. It
is suggested, therefore, that this is the most likely point for afferent-.
efferent interaction and whether the primary control is from the superior
olive to the ventral cochlear nucleus or the reverse is still open to
speculation. If, then, the effect of all centrifugal fibers is a com-
bination of inhibition and excitation depending on the specific auditory
input, a mechanism for central coding of auditory information is available.
In the specific instance of this investigation an unusual acoustic stimu-

lation (stimulation at a level low enough so as not to produce any visable
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CM in the contralateral ear) was used to trigger auditory afferent acti-
vity. In cases of natural acoustic stimulation (bilateral stimulation in
the environment) the perception of variation in signal location is most
likely effected through contralateral inhibition and ipsilateral facili-
tation of afferent input. If one elminiates the ipsilateral facilitation
of the afferent input, a reduction in the ipsilateral action potential
would be expectéa which is the very observation made in this particular
study. This hypothesis suggests only one of the probably many functions
of the auditory centrifugal system, that of localization facilitation;
however, the data obtained in this study may be reflecting the activity
of this system as it functions in an intrasensory gating capacity.

The total effect of the combination of auditory centrifugal
systems is a complex system for control of auditory input as well as
cross modality coding. A self regulating network which has the capacity
for control at various levels within the brainstem is thus observed. The
morphologic and physiologic evidence previously presented indicated
the existence of a system which from any level can modify the activity
of any other level in the transmission of the auditory action potential
to the cerebral cortex. This network allows for feedback which can alter
the auditory input from something as simple as changing the position of
the head to complex biochemical changes affecting the coding of neural
information.at the hair cells or attenuation of the input stimulus via
the middle ear muscle reflex.

In order to further specify the exact nature of the centrifugal
activity in several different situations, simultaneous measurement of

changes in the major brain stem and cortical.centers as a function of
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very specific stimulation and/or sectioning of individual units of the
centrifugal fibers would be of much benefit in further describing their
function. The activity of the centrifugal system during stimulation of
other sensory systems would also contribute to understanding the general
area of cross modality inhibition as well as the specific activity of the

auditory system's efferent activity. The following chapter summarizes the

present investigation.



CHAPTER V
SUMMARY AND SUGGESTIONS FOR FURTHER RESEARCH

Introduction

The mechanisms by which the auditory system decodes the acoustic
stimulus striking the tympanic membrane into useable neural symbols are
highly complex. One of the most difficult to understand is the function
of the auditory centrifugal system. Investigators have studied the acti-
vity of this system primarily by examining the effect on cochlear poten-
tials of either sectioning or stimulating the fibers. The results of
these investigations have not as yet led to the development of a unifying
hypothesis with regard to the exact manner in which the centrifugal fibers

function in the control of afferent neural input.

Experimental Design

The purpose of the present investigation was to examine the func-
tion of the efferent centrifugal fibers in the brain stem of the guinea
pig. The major concern of this study was the activity of the homolateral
olivo-cochlear bundle and the centrifugal fibers of the lateral lemniscus

on two specific indicants of cochlear activity: the cochlear microphonic
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and action potential. This goal was accomplished by sectioning the OCB
at a point superior to the facial genu in the fourth ventricle and sec-
tioning the lateral lemniscus at a point between the inferior colliculus
and cochlear nuclei. Recordings of the cochlear microphonic and action
potential of the VIII nerve were made from the basal turn of the cochlea

using electrodes placed in scala tympani and scala vestibuli.

Results and Conclusions

The results of this investigation indicate that sectioning of the
homolateral efferent feedback to the cochlea causes an immediate reduction
in the action potential and an increase in the cochlear microphonic of
that cochlea. It is suggested that the guditory efferent system functions
both to inhibit and facilitate auditory afferent input to the central ner-
vous system. It is hypothesized that the control of the auditory centri-
fugal system is effected by the activity of the superior olivary complex
in conjunction with and via collateral connections to the ventral cochlear
nucleus. While the specific activity of the several centrifugal divisions
within the auditory system may be further clarified as more information
is obtained, the above mentioned hypothesis serves as one possible expla-
nation of the results observed in this and previous investigations of that

system,

Suggestions for Future Research

Much of the confusion with regard to the function of the auditory
centrifugal system may lie in the use of unnatural stimulus conditions
during the experiment to elicit responses from the auditory fibers and the

cochlea. Two important considerations in studying this system are
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suggested. First, the acoustic stimulation of the cochlea should be
attempted using binaural stimulation and varying the levels to the two
ears while observing central nervous system changes. Second, simultaneous
measurements of centrifugal activity in several locations seems necessary
to furnish information with regard to the total effect of this system on
the afferent input. Electrical stimulation in locations providing a synap-—
tié-Junction bei%een the location of the electrical stimulation and the
measurement of neural or cochlear activity would reduce the possibility of
the electrical stimulus itself influencing the results obtained. The com-
plex interaction of all of the centrifugal fibers prohibits valid specu-
lation with regard to the system as a whole in experiments examining only

individual units thereof.
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