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01
| NTRCDUCTI ON

The term 'Auditory fatigue' or 'tenporary threshold
shift' (TTS) is commonly used to the transitory change in
hearing sensitivity induced by a fatiguing stimulus. It
is well established that when the ear is exposed to conti -
nuous i ntense auditory stinulation, tenporary dysfunction
of hair cells would result. H stological studies have
establ i shed tenporary changes in the structure of the hair
cells when the ear is exposed to intense auditory stimulus

for | onger peri ods.

O recent, Pratt et al (1978) have found that the
TTS of about 10-20 dB, follow ng noi se exposure, in hunman
subjects is probably due to effect on the synapse between
the hair cells and nerve fibres i.e. they have attri buted
the TTS of 10 to 20 dB to the "reduced synaptic efficacy".
They have arrived at the above conclusion as 10-20 dB TTS
was not acconpani ed by the reduced anplitude of cochlear
m crophonic (CM. Since there was no reduction in the
cochl ear m crophoni c, they have concl uded that the function

of the hair cells was not affected.

Thus Pratt et al (1978) have shown that if the TTS
In a subject is about 20 dB, 'reduced synaptic efficacy'
nay be responsible for the TTS and that dysfunction of the

hair cells may be ruled out.
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In viewof the above facts, it nay be assuned that
the tenporary dysfunction of hair cells results whenever
TTS of greater than 20 dB is observed and that the TTS
of 20 dB or |less nay be due to the reduced synaptic

ef fi cacy.

Regarding the action of the efferent systemi nner-
vating the outer hair cells, Wasanmurthy (1982, 1985)
reports that the action of the efferent systemi nnervat -
ing the outer hair cells is to increase the |oudness of
t he adapting stinmulus when the adapting stinmulus is
presented continuously, i.e., he suggests that the efferent
system innervating the outer hair cells is responsible
for 'loudness gain' during auditory adaptation. He cites
the follow ng studies in support of it: Spoendlin 1975,
Cody and Johnstone 1982, Gerkin 1984, Fex et al 1982, Coms
and Wi tfield 1968, Hoffamann et al 1983, Pickles 1982 and

Stopp et al 1983.

Cody and Johnstone (1982) have established that the
action of the efferent systeminnervating the outer hair
cells increases the sensitivity of the auditory neuron.
The increase in the AP (action potential) response during
bilateral stimulation (i.e. in presence of efferent action)
nay be explained in terns of recycling of the rel eased neuro—

transmtter. Fex et al (1982) have reported that the action
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of the efferent systeminnervating the outer hair cells

Is recycling of the released neurotransmtter.

In the light of the evidences (Pratt et al, 1982;
Wasanurthy, 1982, 1985; Cody and Johnstone, 1982; Fex
et al, 1982), it is likely that the action of the efferent
systeminnervating the outer hair cells had increased
the synaptic efficacy through 'recycling of the rel eased
neuro-transmtter in the study reported by Cody and
Johnstone (1982). The increase in the AP response during
bilateral stimulation (condition 2 in Cody and Johnstone's
study) may be due to the inprovenent in the synaptic
ef fi cacy brought about by the action of the efferent
systeminnervating the outer hair cells through 'recycling

of the released neuro-transmtter.

Needf or t he present st udy: -

The present study has been undertaken to verify whet her
the action of the efferent systeminnervating the outer hair
cells increases the synaptic efficacy i n human subjects.

The study reported by Cody and Johnstone (1982) was (in gui nea
pi gs.
Furthernore, the present study was designed to see

whet her the efferent action has any role in changing the

tenporary dysfunction of the hair cells.



The follow ng null hypot heses have been proposed:

. There is no significant difference in the TTSo

(TTS;) obtained in the experinents | and I1.

Ii. There is no significant difference in the TTSo

(TTS,) obtained in the experinents Il and | V.

lii. There is no significant difference in the TTSo

(TTS;) obtained in the experinents V and VI .

Definitions of the Terns Used:

Tenporary Threshold Shift (TTS): Refers to any post

stimulatory shift in threshol d.

Fatiguing Stimulus: The acoustic stimulus used to

produce auditory shift in threshol d.

TTSo: Tenporary threshold shift imedi ately after the

termnation of thefatiguing, stinmulus.

TTS,: Tenporary threshold shift after the recovery

tinme of 2 m nutes.

ESIOHCs: Efferent systeminnervating the outer hair

cell s.

04



Schematic Diagrans of the Experinents I, 1, IIl, IV, Vand 05
VI are given bel ow. See the nethodol ogy for details:
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Expt. IV
Right ear
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REM BEW CF LI TERATURE

The review of literature deals with the follow ng

aspects:

I Bi naural and Monaural stinmulation in TTS

I Ef fects of noise on Cochlear Potentials

11 Mechani sns I nvol ved in post stimulatory
reductions of Cochlear Potentials

|V Patterns of hair cells damage

V Damage of supporting cells due to acoustic
stimulation in the cochl ea.

\Y/ Revi sed Mbdel of adaptation and | oudness
gain

\/ An active nmechani sm

VI Model s of the efferent nmechani sns

| X Cochl ear m crophonic and TTS in man.
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|. Binaural and Mon-aural Stimulation in TTS;

Hrsch (1958) studied TTS follow ng non-aural and
bi naural exposures under 3 experinmental conditions to
ascertain whether or not TTS depends upon whet her one ear
or both ears were exposed to sound. The results showed
that "The TTS for 1 KHz tone is the sane whether the ear

was tested al one, or both ears sinultaneously".

A simlar study was done by Ward (1965), he in his
study conpared the TTS foll owi ng non-aural and bi naur al
exposures to three different high intensity stimuli. The
maxi mum ef fect occured at 2 KHz where the binaural exposure
gave less TTIS as conpared to non-aural exposure. Wrd
explained this reduction in TTS in terns of feedback | oop
and he further reports that "with the increased input when
the second ear is stinulated, the total activity of the

reflex centre also increases in mddle ear nuscle activity".

Mel ni ck (1967) that nore TTS occured when the exposure
signal was 180° out of phase, in his experinent in the
effect of two inter aural phase conditions for binaural

exposures on threshold shift.

Quiot (1969) showed that stimulation of the left ear
had a definite influence upon the TTS neasured on the right

ear.
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Further he says that if any summation effects were
to occur, a reduction of sensitivity should have resulted
rather than an increase as was actually recorded. A reason-
able interpretation of this outcome can be fornulated if
one admts that a central inhibitory process, in conjuction
with fatigue to be intervened in the production of TTS.
I nhi bition, considered as associating with fatigue to form
a response system should be expected to be affected by
sane external stinulation, that is to be inhibited when
operant. The phenonmenon of disinhibitioncan be reveal ed
by a reduction in TTS. 1In the same perspective, the dis-
inhibition effects of certain nonauditory stimuli as reported

by Rawden Smith (1936) could be cited.

Thus, TTS can be shown to denonstrate peripheral and
neural effects. Randol ph and Gardner (1973) in their
study of an interaural phase effect in Binaural TTS, showed
that if particular neural units in an afferent pathway are
constantly stinulated and ultimately fatigued, the post
exposure threshold resulting fromrestinulation of the sane
neural units would be shifted. Further, Randol ph and Garden
(1973) points out that sequentially occuring tonal exposure
to test stimuli of like interaural phase m ght then be
expected to produce nore TTS than would sequentially occuring

stimuli of opposite interaural phase. Since the peripheral
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exposure and test events at the individual peripheral
receptors may be considered identical, such differences,
of course, could only be attributed to adaptation or alter-

ation of neural responsiveness and to peripheral factors.

Di chotic exposure to certain acoustic stinuli at
high intensity levels results in reduced post exposure
TTS relative to nonotic exposure to the sanme stinuli
(ward, 1965; Mel nick, 1967; Karlorich, Lutermann and Abbs,
1972).

Karl ovich and Wley (1974) assuned that the reductions
in TTS observed resulted frominvol venent of the acoustic
reflex. The increased effectiveness of the reflex activat-
ing stimuli having nore rapid repetition rates was not
conpletely clear. But they specul ated however that sone
type of adaptation or 'reflex decay' may be involved in
whi ch the acoustic reflex response to continuous or slowy
pul sed stinmuli dimnishes over tinme nore so than the response

to stinmuli with faster repetition rates.

Shi vshankar (1976) has reported that there is no
significant difference in TTS between non-aural and bi naural
exposure to high frequency tones, especially for 3 KHz at

TTS;. He has concluded that the action of honolateral divo -



cochl ear bundl e which m ght inhibit the responses of the
hi gher centres, as crossed divo cochl ear bundl e does not
play a role in the adaptati on nechani smat hi gh frequency

Dayal (1972).

Nazneen (1984) has reported that TTS observed in the
right ear is significantly greater than the TTS observed

inthe left ear. So she suggests that the ear difference

does exist in TTS for binaural stinulation using 2 KHz tone.

Further she reports that the right ear shows nore TTS nore
than the left ear - is an indication that the action of the
efferent auditory systemduring binaural stimulation is

nore intense in the right ear than in the left ear

11



I1. Effects of noise on cochl ear potential s:

a. Changes in Summating Potentials (SP)

Durrant (1976) has given a detailed report about
t he change of summating potential due to noi se exposure.
He has reported that SP DF (recorded by differentia
el ectrodes) is nmuch nore sensitive to effect of noise
than QM and AP, which suggests that marked changes can
be produced in the SP even in cases where the CMi s
hardly affected. He reports that there is a trend toward
| ess depression in the SP fromthe |ower to the upper
turn. Inthe first turn, SPis usually nore depressed
than CM  In the third turn, the opposite is nearly
al ways observed, at least inthe initial phase of recovery.
The second-turn data are imediate. Only the negative
SP was investigated using tone-burst stimuli presented
at levels within the linear range of the CMi nput - out put

functi on.

Legoui x and Pierson (1981) did a study on gui nea
pigs and found that there is a relation between the voltage
of the negative SP for a given stimulus and the suscepti -
bility to fatigue i.e. individualistic variation in
anplitude of SP. They report that these variations are
not known whether this is due to sone cochl ear pat hol ogy
or nornal ear features - the cochl ear which show the | argest

negative SP are nore susceptible to fatigue.

12
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"Wien SP and OM are depressed by noise, it is no
| onger possible to create additional fatigue, at |east
wth the same stimulus as was used for the initia
exposure. This stage seens to correspond to the asynptotic
threshold shift. Wien the negative SP is depressed or
has di sappeared after exposure, fatiguability is mninmal"

(Legoui x and Pierson, 1981).

b. Variationin Endocochl ear Potential ( EP) :

"I't is well known that in nornal conditions, EP
recorded by a mcroel ectrode penetrating into scala nedia
can be decreased during the presentation of high-intensity
tones or noises. This fact was first denonstrated by
Von Bekesy in 1950 (Von Bekesy, 1960) and was studi ed by
several authors (Tasaki et al, 1954; Msrahy et al, 1958b;
Honrubi a and Ward, 1966; Legoui x and Pi erson, 1977). The
change in the dc level occurs imedi ately upon sound onset
and increases gradually during the presentation. At the
end of sound, EPreturns progressively to its previous |evel.
In contrast, Msrahy et al (1958b) reported that vhen the
dc shift is recorded fromthe perilynph its time course is
the sane as that of the stinmulus. |In their own experinents
(Legoui x and Pi erson, 1977), they found that recording the
dc shift fromthe perilynph with differential electrodes |ed
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to variable results. In general, a shift anal ogous to the
sumating potential was recorded. |If the duration of the
tone was increased, the dc shift was nai ntai ned but a | arger
shift was often superinposed, which could be related to a
change in EP transmtted to the differential electrodes.
The probabl e reason these large shifts in dc potential are
not always observed is that the resistance of the cochl ear
partition may differ in the various aninmals. As a result
of prol onged exposures, so far no pernmanent change in EP
coul d be denonstrated (Benitez et al, 1972). However,
Johnstone and Sellick (1972) reported that EP coul d be
potentiated fol |l ow ng exposure to an intense pure tone"

(Legoui x and Pi erson, 1981).

c. Changes in conpound Action Potential (CAP):

Legoui x and Pi erson (1974) observed that CAP recording
fromthe apical regions is not convenient, So it is recorded
with a pair of differential electrodes placed in the basal
turn of the cochlea or with one electrode in contact with

t he round wi ndow and ot her connected to the body of animals.

Davis et al (1953) suggest that CAP is too labile to
provi de a good index of cochlear changes. Handerson and
MA ler (1975) states that the neasurenment of AP over-estinates

t he cochl ear danmage.



15

Snoor enburg and Van Hensden (1979) studied the CAP
| at ency due to noi se exposure at threshold |evel and
suprat hreshol d | evel before and after exposure. They
found that there was no change at threshold |evel but
there was reduction in the latency at suprathreshol d
| evel . Further they state that this wave formnodifi ca-
tion may be related to inactivation of a particul ar
group of fibres or to the desynchronization of unit

potenti al s.

"A conveni ent way of neasuring the changes of
response anplitude is drawn input - output curves. These
curves classically showtwo branches. The first, wth
a low slape, is often considered to represent the responses
of a particular group of nore sensitive fibres. The
second branch, with a steeper slope, would represent
t he responses of another group of |ess sensitive fibres.
However, other interpretations of this nonnmonotonic func-
tion, involving a single group of fibres, have been
presented (Davis, 1973? Evans, 1975; Legouix et al, 1978).
Ceneral |y, after noi se exposure, the affect the nost
sensitive responses and | eave the others intact. It
follows that the intensity function is nodified in such
a way that N, nmagnitude grows nore rapidly with intensity

above a certain level. This type of curve has been com

pared to a recruitnent phenonenon (Portmann et al, 1973)".

(Legoui x and Pi erson, 1981).



Zw cker and Schorn (1978): (cited by Legoui x and
Pi erson, 1981), neasured psychophysical tuning curve
in noise - induced hearing |oss cases they found tuning
is decreased especially in the high frequency range.
However, when the |oss exceeds 60 dB, the neasurenents
are obscured by the occurance of difference tones, so
t hat the curve cannot be considered as representing the

t uni ng.

d. Changes in Cochl ear M crophonics (CM:

i) Different types of CM Reduction: -

Legoui x and Pierson (1981) wite that the depression
of cochl ear m crophonics after noi se exposure is a clear
sign of a traumatic effect on the sensory cells and that
the deterioration of these cells may result fromvarious
mechani sns that follow different tinme courses and sone
are reversible and others are not. Further they wite
that sone research has made use of a single electrode
in contact wwth the round - wi ndow nenbrane, and the results
give informati on about the basal turn only. Differentia
el ectrodes provide the possibility of recording the CM
at various locations along the basilar nenbrane. Tasaki
and Fernandez (1952) (cited by Legouix and Pierson, 1981)

report that CMis attenuated about 6 dB per mllineter

16
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around the el ectrodes (in the guinea pig). Further,
Tasaki and Fernandez (1952) point out that when this
smal | portion of the organ of corti has been danaged,
t he same el ectrodes can record responses from adj acent
areas 2 nmaway with an attenuation of 6-12 dB - it
could record fromnore distant areas with greater

at t enuati ons.

Legoui x and Pierson (1981) suggest that it is
probabl e that these exist several sorts of CMreduction
(depressions), which can be related to different kinds
of alterations - nechanical or biochemcal for instance
and sone others related to the destruction of the cell.
Further, they report: "CQMcould not display any change
until it disappeared after injury to hair cells, in con-
trast with AP, which is sensitive to fatigue and shows
conpl ete recovery and according to recent studies CM
shows reversible changes that correspond with the beha-

vioral TTS."

Benitez et al (1972) nave neasured CMin the three
cochlear turns of chinchilla after fatiguing by 500 Hz
tone. They found that the third turn was nore affected

rather than the other turns.
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ii) Mdifications of GMIntensity Functi on Produced hy
| nt ense Noi se Exposures: -

Legoui x and Pierson (1981) suggest that to eval uate
the effects of intense noises on the cochlea, a conplete
study of space - tinme and intensity patterns shoul d be
carried out - so a convenient way of exploring the changes
inthe CMresponses is to trace the input - output functions
(e.g., OMvoltage agai nst sound - pressure level). This
function displays quantitative differences according to
the place in the cochlea where CMis recorded. Cenerally,
that function is approxinmately linear at | ow sound pressures
and bends at higher levels. Further they explain that at
each |l ocation along the cochlea, the bending occurs at a
| oner |evel for frequencies above the characteristic
frequency of the recorded | ocus and that the origin of

above nonlinearity is still a matter of debate.

They wite further that after exposure the input-output
function is altered. Tondorf and Brogan (1952) reported a
greater reduction of the response at high |l evels so that
the curve was truncated. |n sone particul ar cases, Law ence
(1958) observed a nonnonot oni ¢ i nput-output function follow
i ng exposure. In plotting the characteristic of transfer,
they noted that the curve was rapidly nodified and di spl ayed
a greater summetry (Legoui x and Pierson, 1978; Legoui X

et al, 1980).
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Legoui x and Pi erson (1981) suggest that the changes
in the input-output function nmay |ead to sone interpreta-
tion about the nature of the lesion in the cochlea. This
function shifted toward a | ower sensitivity, could reflect
sone inpairment in the conduction of the acoustic energy
within the cochl ea and the ot her changes, on the contrary,
poi nt toward sone disorder in the transducing process in

the hair cells.

lii. CMas an Index for the Localization of Cochlear Danmage:

Legoui x and Pierson (1981) wite that there are sone
I nvestigators who have shown a cl ear correl ati on between
t he decrease in magnitude of CMresponse and t he nunber of
hair cells that are danmaged (e.g. E dredgeet al., 1973).
They further suggest that when the stinmulus is a pure tone,
t he maxi num reduction occurs in the region corresponding to
the | ocalization of the maxi numof vibratory displ acenent
along the cochl ear partition, however, the interpretations
of the results is not straight forward because the sensitivity

at the various turns is not simlar.

Benitz et al (1972) neasured el ectrophysi ol ogi cal
correlates of tenporary threshold shifts in chinchilla.

They recorded CMfromthe first, second and third turns.
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They used as a test tone a 200 Hz tone burst, in the
control record, such a stimlus produced i nput-out put
functions that are approximately equival ent, so a com
pari son coul d be nade between the alteration of curves
representing these input-output functions. They exposed
to an octave band of noise centered at 500 Hz and at

95 dB SPL for 48 hours produced a decrease of the inten-
sity function that was naxinumfor the third turn, the
reduction in CM anplitude was graded and | ess severe

from apex to base.

Legoui x and Pierson (1981) report that narrow
bands of noise (1/3 of an octave) produce effects simlar

to those of a pure tone at the sanme centre frequency.

El dredge and Covel | (1958) found that narrow band
noi ses were nore effective in producing CMreduction than
pure tones presented at an SPL equal to the over-all SPL

of the noi se.

Legoui x and Pi erson (1981) suggest that when two
pure tones are applied simultaneously two different situa-
tions may occur dependi ng upon the frequency separation
of the two tones. |If the two frequencies are sufficiently

separated to activate different regions of the cochlea,



so that there is no interaction, the result is expected to
be equal to the sumof two single exposures to the two
different tones. Pye (1974) did a study on guinea pig
cochl ea for anatomcal alterations exposed to two widely
separ at ed but nonsi mul t aneous frequencies (2 and 20 KHz) .
There was tinme interval left between first and second
exposures so that destruction of the sensory resulting
fromthe first exposure woul d be al nost conpl ete before
t he second exposure. He found the damaged cells on the
basi | ar menbrane were situated in the two separated
regions, and no particular effect could be attributed to

t he doubl e exposure as conpared to a single exposure.

Poche et al, (1969) found (in sone histol ogi ca
results concerning the effects of inpulsive noises on
gui nea pigs) that the nost sensitive region in the cochlea
I's the second turn, as woul d be expected in the case of
a hearing gap around 4 KHz. Legoui x and Pi erson (1981)
nmention that there are several explanations for the acute
susceptibility in the 4 KHz region - one of themis that
ear canal, especially in humans, has a resonance for this
frequency - these differ anong the various speci es accord-

ing to the anatony of the external ear.

iv. Effect of the tine characteristics of the exposure:

Legoui x and Pierson (1981) wite that the OM depressi on

21



22

produced by intense noises seens to be directly rel ated
to the sound-pressure level and to the |ogarithmof the
duration of the exposure. HEdredge et al (1959, 1961)
have suggested that the reduction in the CMwas the sane

so long as the sound contains the sanme energy.

Legoui x and Pierson (1981) reveal that it is clear
that the trade between intensity and duration can be justi-
fied only if the sane nmechanismalters the hair cells at
all intensities, but this does not appear to be the case.
The cochl ear nmechani sns are highly nonlinear in the
intensity donmain, and different processes m ght occur when
the stimulation level is nodified. Further they say that
acritical intensity nust be exceeded to produce a | oss at
any duration and at very short durations, the influence of
intensity seens to be greater than that of duration. After
a certain duration, they state that the CMreduction
I nduced by the noise is maxi rumand does not groww th tine
and that this effect seens well correlated w th behavi oral

TTS.

e. Variations in Auditory Neural Responses:

Salvi et al (1979) did a study on chinchillas. They
exposed an octave band of noise centered at 4 KHz and havi ng
an SPL of 86 dB during 5 days and neasured the changes in

the threshold of auditory nerve fibres. They conpared the



auditory nerve fibre threshold to behavioral threshold
after a recovery period of approximately 6 nonths, then
they found that the fibre thresholds were el evated upto
70 dB for units wth a CF between 4 and 14 KHz. These
were snal ler shifts seen in behavioral threshold and
hence the results showed that danmage occured in a cochl ear
region tuned about 1 octave above the centre frequency

of the noi se exposure.

Snoor enburg and Van Hendsen (1979) did experinents
on cats and recorded single - unit tuning curves in the
anteroventral cochlear nucleus (AVCN). They suggested
that it was possible in this structure to hold a unit for
a period of tine sufficient to make the neasurenents,
which is not possible in the cochlear nerve unit. They
found that the characteristics of response are known to
be simlar in the AVCN and in the cochl ear nerve, so that

conparisons are justified.

Snoor enberg and Van Hendsen (1979) reported anot her
feature of single unit responses in their locking to the
stimulus. They found in AVON t hat the phase | ocki ng was
preserved but the response tine was nodified. As an

i ncrease of 0.2 nsec. was observed for a unit wth a CF
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at 1.5 KHz, and of 0.5 nsec. for aunit wwth CF at 3.0 KHz.
But the increase in cochlear tinme did not agree with the
decrease in tuning of systemwhich, on theoretical grounds
shoul d be acconpani ed by a shorter response tine. Simlarly,
Harri son and Evans (1979) observed ia Kenanycin treated

gui nea pigs that the phase - locking ability of fibres from

darmaged cochl ea was not nodifi ed.
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II. Mechani snms involved in post stinmulatory reductions of
cochl ear potentials

a. Rol e of nonlinearity of CM -

Legoui x and Pierson (1981) wite that there is general
agreenent that cochlear fatigue and trauma are likely to
occur when the ear is overloaded, and nore specifically, when
the intensity is such that the CM anplitude does not grow
l[inearity with intensity, the bending of the input-output
curve indicates the threshold of overload. Near this |evel,
di stortion occurs and mani fests itself by the presence of
overtones (harnonics). They further suggest that the |evel
at which the intensity function departs fromlinearity

corresponds to the possibility of overload of the cochlea.

Lawr ence and Yatis, 1956a, b; Opheimand Flottorp, 1955;
Humes, 1978; studied the determ nation of a threshold of
overload in human subjects in order to predict the fragility
of the hearing organ. Lawence and Bl andard (1954) propose
that a | ower threshold of aural overload tended to show
greater damage in the organ of corti after noi se exposure.
Drescher and El dredge (1974); in a study of cochlear fatigue
in guinea pig and chinchilla, found that any intensity |eve
vari ation above the point at which the CM i nput-outout
function departs fromlinearity represents a stress to the

cochlea that results in a loss of CM sensitivity.
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Law ence and Yantis (1956a, b, 1957) report that
in the cochl ear pathol ogy subjects, the overload threshol d
was hi gher than for normal subjects. Wver and Law ence
(1955) explained the above fact by the "injured hair cells
hypot hesi s" whi ch assunes that the hair cells in the area
of maximal stimulation are no | onger respondi ng, and
therefore intensity nust be raised so as to stimnulate
hair cells in adjacent regi ons whose out put then reaches

the threshold of non-linearity.

Legoui x and Pierson (1981) nmention that the origin of
the non linearity is still a matter of debate. Further
they state that the vibrations in the mddle ear are |inear
up to the highest intensities. They suggest that there nay
be several processes in the cochlea can introduce a non-
linearity in the responses.
"The nechani cal vibrations at the basilar nmenbrane were
reported to be linear by sone authors. (Von Bekesy, 1960;
Johnst one and Boyl e, 1967; WI son and Johnstone, 1972),
however, other results suggested an inportant non-linearity
(Rhode 1971). Some data indicate that the processes of
transduction in the hair cells can introduce a non-linearity
in the electrical responses of the cochlea (Legouix and
Chochol Il e, 1957; Dallos et al, 1969)". (Legouix and
Pi erson, 1981)

Legoui x and Pierson (1978), Legouix et al (1978) studied
guinea pigs to investigate the rel ati ons between t he CM
| nput - out put function and cochl ear fatigue. They used |ow

frequency tone bursts (100 Msec) and neasured i ndi vi dual
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di ffections, positive and negative, and plotted them agai nst
t he acoustic pressure in order to obtain a transfer charac-
teristic of CMgenerator. This characteristic displayed a
saturating non-linearity and al so an asymetry ground the
ordinates. They noted that the CMrecorded with differentia
el ectrodes represents the average output froma relatively

| arge nunber of hair cells and is probably not an exact
representation of the unit CM except perhaps at very | ow
frequencies. This asymmetry of the characteristic differed
anmong the various individuals ana that those presenting a

| arge negative asymmetry were very |abile and di m ni shed
after a fatigue. They proposed that the symetry of the CM
response appears to be nore rapidly nodified than the overal

anpl i t ude.

Legoui x and Pierson (1981) reported that the asymetry
can be nodified by various physiological factors for exanple
asphaxi a provokes a rapid decrease of CM anplitude while the
asymmetry shows a transient increase. They found a phase of
dom nating positivity after return to normal breathing, when
the negativity was increased, the fatigue was nore promn nent.
"During the recovery period, when the asymmetry was positive
or when the negativity was mninmal, the fatigue was sonetines
replaced by a facilitation this effect probably represents
a recovery process that is accelerated by the tone. It likely

has sone relation to the oveshoot that follows a period of
anoxia". (Logoui x and Pierson, 1981)
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b. Relations of Cochlear Fatigue to the Phenonenon of
| nterference:

Interference is defined as the suppressing effect of
a tone (interfering tone) on the CM produced by anot her
tone (probe tone). Engebretson and El drdge (1968) state
that this classical phenonenon has been related to the
sane asymetric non linearity of the GM generator that

produces the negative summating potential .

Legoui x and Pierson (1981) state that the decrease
of CMis present only during the presentation of the inter-
fering tone and di sappears when it is turned off, if the
intensity of the interfering tone is raised, a level is
reached it which the CMreduction remains after cessation
of the interfering tone, this reduction is not different
fromfatigue. They further suggest that the interference

I s frequency dependent."” Wen the anplitude of the CM evoked
by a probe tone is ﬁlotted agai nst the frequency of the
interfering tone, the curve shows a single peak of reduc-

tion when the interfering frequency is near the best

frequency of the locus that is recorded (Legouix et al 1973)".

(Legoui x and Pi erson, 1981)

Legoui x et al (1980) recorded GMin the first turn of
t he gui nea pig cochlea, and the magni tude of the CM response
to a fixed probe tone was neasured as a function of the

frequency of the interfering tone presented at a constant SPL,
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t he probe frequency was set at 7.5 KHz, 50 dB SPL and
the interfering frequencies were presented at 60 dB.

They found that the anplitude of the CMresponse to a
probe tone showed one dip at a frequency slightly above
the best frequency and a tail toward the | ow frequenci es.
They delivered the stimuli through a closed acoustic
system and nonitored by a sound probe whose tip was at

3 mmfromthe tynpani c menbrane, when the interfering
tone intensity was above 90 dB, a lasting reduction of
CMwas observed. Again they neasured the CM anplitude

5 sec after termnating the interfering tone and was used
as a measure of fatigue. So, they further reveal that

t he dependence of this fatigue on the frequency of the
interfering (or fatiguing) tone was simlar to that in

i nterference hence it suggests that the assynetric non-
linearity which is involved in interference participates

al so in the mechani smof fatigue.

c. Mechani cal process: -

Legoui x and Pierson (1981) wite that the primary
factor in the destructive action of noise on the organ
of corti is the excessive anplitude of vibrations of the
cochlear partition. Spoendlin (1971) denonstrated in

speci al cases with very high peak pressures there were



sone structural ruptures. Legouix and Pierson (1981)
further report that this type of mechanical lesion is
nore likely with inpul se noi ses, whose features include
a short rise time, a short duration, and a high peak
anplitude (e.a. firearns noise). They state that if
the intensity is sufficient, one single presentation
may be followed by TTS or PTS. HE dredge et al., 1961,
Dancer and Franke, 1977 (cited by Legoui x and Pi erson,
1981) report that because of the short duration, the

i nportant factor determning the danage seens to be the

peak anplitude. Legouix and Pierson (1981) explain:

"with high anplitudes, the ear structures are driven to

excessive excursions and it is very likely that a nmenbrane

may be ruptured. For instance gun fire often produces

a rupture of the tynpanic nenbrane, in general, the effects
of inpul se noi se on humans are indistingui shabl e fromthose
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of continuous noise. Both types produce a notch in audi ogram

around 4 KHz. | n guinea pigs, histological studies have
confirmed that destruction of the hair cells (wth toy caps)

are maxinmal in a narrowregion in the second turn".

Poche et al (1969) also suggest simlar destructions

can be produced by a 4 KHz pure tone at the narrow region

in the second turn.

Pugh et al (1974) found the decrease of CAP recorded
I n nonkeys continued for a fewmnutes after cessation of
the noise. Later they observed a rebound after 20 hours.

Legoui x and Pierson (1981) state that the above features
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have been observed also with conti nuous tones, but in

this case, it may signal the occurance of a particular

mechani cal action associated with |arge peak anplitudes.

Luz and Hodge (1971) reported when the |esion
i ncreases gradually during successive presentation of
i mpul se noi se, a structural fatigue may be invol ved.
They further state that this type of mechanical effect
is probably related to other biochem cal changes elicited

by the exposure.

d. Bi ochem cal Processes:

Legoui x and Pierson (1981) reported that biochem ca
di sturbances appear nore probable than nechani cal destruc-
tion when the noise is of relatively noderate intensity
but of long duration. They suggest further that sone
nmet abol i ¢ conponents could be exhausted after a while, which

could entail structural and irreversible damage.

Fernandez (1955) reported that the nmetabolismof the
organ of corti has been found to be of the sanme order as
that of the neural tissues and is very dependent upon the
oxygen supply. Thal mann (1975) suggests that EP is nore
directly dependent upon oxygen than the nenbrane potenti al

of the hair cells, which appear to derive nore energy from
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anaerobic reactions. Lawence et al 1967; Hawkins (1971)

report: "Noise would produce a constriction of the snal
vessel s that supply the stria vascularis and the organ of corti".

Hawki ns (1971) observed vasoconstrictions in the supra-
strial portion of the spiral liganment in the guinea pig

and chinchill a.

Hawki ns (1976) observed in nonkey who sacrificed after
noi se exposure vasoconstriction in the strial capillaries
but not in those of the spiral liganment. Further he suggested
that the great fragibility of the chinchilla cochlea that
has been described by nmany authors m ght be related to
constriction of cochlear capillaries. Hawkins (1971) gives
hi s explanation that an increase of the blood flow to the
cochl ea woul d explain the rebound of CAP and CM nmagnitudes

that is sonetinmes observed after exposure.

In contrast, Perlman and Kinura (1962) did not observe
any change in the capillaries in the apical part of the
gui nea pig cochlea during the presentation of |owfrequency
tones. Duvall et al (1974) suggested that damage to hair
cells occur before the changes in stria vascularis, and
Hawki ns (1976) found strial edema and | oss of suprastrial
cells in chinchilla while no alteration in the hair cells

was det ect abl e.
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M srahy et al (1958b) reported that the oxygen avail -
ability may be an inportant factor since oxygen consunption
is increased during the presentation of high intensity
noi ses. Tondorf and Brogan, 1955; Pierson and Legoui X
1976) suggested that the CM | osses are accelarated in animals
breat hi ng gas m xtures containing |ower percentage of

oxygen than air.

Drescher (1976) enphasized with the increase in
tenperature the decline of CMvoltage during noi se exposure,
whi ch indicates that accelerating the oxidative reactions
has an adverse effect on the cochl ear responses to excessive
stimul ation.

Legoui x and Pierson (1981) reported: "Mitabolic reactions
involve alteration of C - partial pressure, changes of PH,
accunul ati on or exhaustion of metabolities, changes in
Acetyl chol i nesterage activity, changes in ARM content of
various structures”.

Legoui x and Pierson (1981) suggest that the biochen ca
changes that occur in the organ of corti under the influence
of noises is the alteration of the ionic content of the fluids
and of the hair cells. M srahy et al (1958b) suggested that
t he acoustic vibration could induce nodifications in the
perneability of the reticular nmenbrane, |eaving potassium

ions to |leak out from scala nedia and block the hair cells

and nerve endi ngs. Tasaki and Fernandez (1952) observed
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when pot assium content of perilynph is increased, cochlear
responses are reversibly reduced. Legouix and Pierson (1977)
report that a small quantity of Kcl in the perilynph not

only decreases CM responses but also increases the fatiguability

of the responses to high-intensity stinuli.

Legoui x and Pierson (1981) reveal that the electron
m croscopi ¢ studi es have shown that zonul e occludes, the tight
junctions between sensory and supporting cells of the organ
of corti, prevent |eakage of endol ynphatic conponents toward
the hair cells (e.qg. Beagley, 1965). Duvall et al (1969)
reported that the |eakage of endolynph can result from ruptures
of the reticular |lamna. Bohne (1976) suggested that noise
exposure can qui ckly produce cellul ar degeneration in the
organ of corti and wll tenporarily disrupt the continuity
of the reticular |lamna so that endol ynph can escape toward

the hair cells.

e. Hydrodynam c Processes:

Legoui x and Pi erson (1981) nention that the hydrodynam c
processes associated with the cochlear travelling wave appear
to be responsible for sone of the effects produced by high
intensity noises. They observed the poststinulatory depre-

ssion of CMthat follows the presentation of a very high -
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intensity tone for a few seconds. "This particular type
of fatigue was initially described by Davis in 1938
(Davis, 1951) and has been fernmed hysteresis”. (LegouiXx

and Pi erson, 1981)

Legoui x and Pierson (1981) further explain that the
depression of CMis followed by a relatively slow recovery,
suggesting a sort of inertia in sonme structure of the ear,
it appears independently of any reflex action of the
ossicul ar nuscles and is clearly a cochl ear phenonenon.
Burgeat and Burgeat - Menguy (1964) propose that it is a
bi ochem cal mechani sm and considered as simlar to other

types of fatigue.

Legoui x and Pierson (1974) conducted a study on gui nea
pig to record CM by differential electrodes. Electrode was
introduced in the first and third turns of cochlea, a
sustai ned | ow | evel tone was used, upon which was super-

i nposed anot her high-intensity tone. They found that the
hi gh-intensity tone produced a depression (hysteresis) in
all animal s and occured only when the superinposed tone
reached 100 dB SPL and thereafter increased with |evel.
They found the duration of the recovery was proportional

to intensity of the stressing tone and its duration. They
report further that during the presentation of a high -
intensity tone, the dc variation, after an onset transient,

di spl ayed a progressive negativity that usually passed
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t hrough a maxi mrum and at the end of presentation of the
tone, the negativity decreased slowy, while the CM

response to a test tone recovered its original size.

They wite further that the various characteristics
of hysteresis suggest that it is related to sone hydro-
dynam c effects. Bekesy, 1960 and Tondorf, 1957 (cited
by Legoui x and Pi erson, 1981) report that the traveling
wave elicited by high-intensity tones is acconpani ed by
conpl ex novenents of the fluids. "They nmanifest them
selves in the fluid by eddies that may account for a
uni directional novenent of the cochlear partition and can
explain the occurance of SP (Tondorg, 1970)". (Legoui X

and Pi erson, 1981).

Burgeat et al (1963) reported on increase in hydro-
static pressure in the semcircular canals of the guinea
pig during the presentation of high intensity noises.
Legoui x and Pierson (1973) observed fluid novenents with
a mcroscope and found that fluid novenents associ ated
wi th nmenbrane di spl acenment were present with |ow frequencies
at high intensity. Further they report that an outward
flow of perilynph occured when snmall holes were drilled in
the walls of the scala vestibuli, at the sanme time an
outward di spl acenent of the stapes and of the ossicular

chain was visible and indicated a hyperpressure in the
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scala vestibuli. This pressure was transntted to the
vesti bul ar spaces, since the fluid escaped al so through
holes drilled in the semcircular canals and the fluid
pressure in the scala tynpani was decreased in such a

way that when a hole was nade in the wall of the sca
tynpani, air was aspirated and replaced the fluid. At

the | ow frequencies and hi gh frequencies they found that
the perilynph seened to escape entirely fromthe cochl ea
to be replaced by air. They have shown in the cochl ear
partition, after nmaking a relatively large hole in the
third turn, was noved toward the scala vestibuli and at
the end of the tone, the fluid noved back into the cochl ea
and cochl ear partition resunmed its resting position.
Legoui x and Pierson (1981) proposed that the fluid dis-

pl acenent during hysteresis have a relatively large anpli -
t ude, which raises questions about their physiol ogical
consequences. They wite that it is not clear whether

or not these nmechani cal processes are detrinental to the
cochl ear structures and case that they nay protect against
acoustic trauma, since the vibratory novenents are probably
decreased during hysteresis. The fluid displacenents
(suggest Legoui x and Pi erson, 1981) may al so account for
the vestibular effects that are classically observed during

exposure to high-intensity noi ses.



V. Patterns of Hair Cells Damage:

It is well established that the intense sounds danmage

the hair cells of the cochl ea.

St ockwel I, Ades and Engstrom (1969) found that the
sounds at 150 dB produced nore hair cell danmage than did
the sounds of 130 dB and that the danmage caused by the nore
I ntense sound was also less narrowWy |ocalized. He has
observed that the increased sound intensity caused damage
to spread primarily toward the base. It is concievable
(wites Engstrom 1969) that di stance along the organ of
corti rather than exposure frequency determ nes the radial
distribution of danage. H's further observations are: |ower
frequenci es caused nmaxi num danmage near the apex than did
hi gher frequencies, so the proportionately greater effect
of the low frequencies on the nore distal hair cell row
could be due to the fact that cells in those rows near the
apex are relatively nore suscepti ble to danmage than those
nearer the base, however, the danmage curves suggest this is

not the case.

Dol an, et al (1975) have di scussed about the danmage
of CHCs and I HCs after noi se exposure. But their data

don't permt for definite answer. But evidence was found
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in the study on cat, there was al nost conpl ete destruction
of OHCs, but a large nunber of IHCs in the apical turn
were still present. Post exposure testing indicated com
plete |l oss of hearing although sone |HCs remained in the

api cal and basal turns.

Beagely (cited by stockwel I, Ades and Engstrom 1969)
has stated that CHC1L (first row of OHCs) shows greatest
damage i n guinea pig ears when exposed to a 500 Hz tone.
But stockwell et al (1969) have observed that OHCL was nost
severely damaged in ears exposed to 4000 Hz. In contrary
to Beagel y's results, they have observed that OHCL showed

the | east danmage of any CHC row after exposure to 500 Hz.

Stockwel I, et al (1969) exposed ears to 4000 Hz and

observed that the | HCs were danmaged al nost as severely as

CHC and t he nost severely damaged CHC row was the i nnernost,

OHC1. Ears exposed to | ower frequencies on the other hand,
showed danmage that was increasingly confined to GHC. In
t hese groups danmage was | east severe in OHCL, greater in

OHC2, and still greater in OHC3.

39
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V. Danmage of Supporting Cells due to Acoustic Stinmulation
I n the cochl ea:

Li berman and Ki ang (1978) have observed that the regi ons
of cochlea where a full conplenent of hair cells renmained,
all supporting structures of the organ of corti were typically
present and erect - even in regions where sone hair cells
had been destroyed, the supporting structures frequently
appeared al nost nornmal. Further they report as foll ows:
in regions wnere only IHCs renmained, it was possible to see
loss of Dieter's cell and/or outer pillar cells, with partial
col  apse of the tunnel of corti. |In certain regions of sone
traumati zed ears, the organ of corti had conpletely dis-
appeared only a |ayer of |owcuboidal cells lined at the
surface of the Basilar Menbrane - | oss of organ of corti
was typically acconpani ed by severe depletion of the | ayer
of tynpanic nesothelial cells that |ie under the basilar

menbr ane.

Engstromand Engstrom (1979) also found that the pillar
cells in the first cochlear turn are nearly as susceptible
to noi se exposures as are outer hair cells and believed
this to be related to the cochl ear danage in industria

noi se.



41

VI . Revised Mdel of Adaptation and Loudness Gain:

Usi ng a new nmet hod (Vyasanurthy, 1977) of measuring
adaptation data were collected on normal hearing adults.
Furt her Vyasanurthy (1982) has proposed a revised nodel
for Loudness Coding During Auditory Adaptation in ORMLA
(Obj ective Residual Mnaural Loudness Adaptation). He
reports that the revised nodel of adaptation answers nost
the controversies which are prevailing in the area of
auditory adaptation. It provides possible answers to

the foll ow ng:

a) asynptotic adaptation;

b) perstinul atory adaptation and | evelling off of
adapt ati on;

c) t he di screpancy observed by Weil er and d ass (1979)
whil e verifying Small's nodel (1963) using nonaur al
het er ophoni ¢ t echni que and

d) the controversy whet her, adaptation is real or not
real .

He has presented the essence of the revised nodel for I|oud-
ness coding during auditory adaptation in the follow ng

st eps:

1. The adapted neural units are of three types:
i) St abl e adapted neural units (a)
ii) Unstabl e adapted neural units (a;)

iii) Unstabl e adapted neural units (ap)



ii)
iii)

"a" units originate fromthe place of maxi num
stinulation of the basilar nenbrane.

The source of "a ' wunits is the neural units
innervating the Inner Hair Cells (NIH and they
are produced by the action of the efferent system
I nnervating the inner hair cells.

The source of "a,' units is the Neural Units
innervating the Quter Hair Cells (NCH and they
are produced by the action of the efferent system
I nnervating the outer hair cells.

a, units performa reverse function of a; units
and also that of 'a" units. |In other words, a,
units (responsible for negative adaptation) will
be contributing to the | oudness during the adap-
tation process. a; and a, units may be |inked
to'R' and 'R," processes (respectively) reported
by Hrsh and Bil ger (Ward, 1963) in connection

w th 'bounce' phenonenon observed within 2 m nutes
of recovery tine during TTS experinents. Thus,
the revised nodel corroborates Hrsh and Bilger's
hypot hesi s that 'bounce' phenonenon is a neural
phenonenon.

a; and a; units regain their original pre-adapted
state whenever a test tone at an intensity hi gher
than the adapting intensity is presented during

t he post adapted state. |n other words, the nonent
t he post-adapted test tone at an intensity hi gher
than the adapting intensity is presented, the
efferent action ceases.

For higher stimulus intensities, |oudness of the
post adapted test tone at the adapting intensity
I's determned by the total nunber of activated -
neural units fromthe foll ow ng:

Pl ace of naxinmal stimulation of the basilar nenbrane.

NI Hand
Nl OH

However, the contribution of the sensory units
(activated by the action of the efferent system

I nnervating the outer hair cells) for |oudness

of the post adapted test tone will be insignificant.

4

2
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For low or noderate intensity stimnulus, the
| oudness of the post adapted test tone at
adapting intensity is determned by the un-
adapted neural units and NICH (sensory units
of outer hair cells activated by the action
of the efferent systeminnervating the outer
hair cells).

Possi bl e Mechani sns of Loudness Adapt ati on:

When a stimulus ( 1 KHz) of noderate
intensity is continuously presented to one of
the ears of a normal hearing subject, the adap-
tation process (i.e., a general and continuous
decrease in the nunber of activated neural
units) begins in the place of maxinmal stimla-
tion of the basilar nenbrane. This process goes
on as long as the adapting stimulus 1s continued,
hence, stable adapted neural units (a) wll be
increasing. Sinultaneously with the adaptation
process, the nunber of sensory units innervating
the outer hair cells, (NCH activated by the
efferent system (innervating the outer hair
cells) gradually increases as long as the adapt -
ing stimulus/is continuedi.e. a2 units will be
Increasing. This process is known as 'negative
adaptation' (or reverse adaptation). As the
adapting stinmulus is continued, nore and nore
nunpber of sensory units innervating the outer
hair cells (NCH beginto fire nerve inpul ses.
Initially, the rate of decrease in the nunber
of activated neural units WIl be taster than
the rate of increase in the nunber of activated
(through the efferent action) sensory units
Innervating the outer hair cells. After sone
time, the rate of increase in the activated
sensory units innervating the outer hair cells

wll "catch-up’ with the rate of decrease in
the nunber of activated units of the 'sinple
category'. As a consequence of this, the total

nunber of nerve inpulses contributing to the

| oudness of the adapting stimulus (or test tone

at the adapting intensity) remains fairly constant
(contribution of the nerve inpulses fromthe

pl ace of nmaximal stinulation of the basilar
nmenbrane w || be decreasing, but the contribution
of nerve inpulses fromthe NCH w Il be increas-
ing). This may asynptotic | oudness adaptation
can be expl ai ned.
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11.

12.

13.

14.
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I ncidently, the above description, reveals
a'vital' information about 'inhibition' process.
"Inhibition" process in the auditory systemis
Boorly under stood. The revi sed nodel appears to

e a 'break-through' in psycho-acoustic and
electro-ph%siological research as far as under-
standi ng t he nechani sns of 'inhibition'" process
in the auditory systens is concerned. Since a2
units are responsible for inhibiting the adapta-
tion. Process, phenonenon of negative adaptation
can be viewed as 'inhibition process". The efferent
systeminnervating the outer hair cells, is respon-
sible for a2 units. Since the efferent systemis
known for its '"inhibitory' function, the negative
adapt ati on brought about by the efferent system
(innervating the outer hair cells) may be regarded
as 'inhibition of adaptation process.

Xh depends on (a) units only
(Xh = adaptation nmeasured at an intensity higher
than the adapting intensity).

Xb depends on a, al and a2

(Xb = adaptati on neasured at the base-line condition
or adaptation nmeasured at the adapting intensity

or sinpl e adaptation).

XL depends on a;, a;l and al

(XL) = adaptation neasured at an intensity | ower

than the adapting i ntensity).

a; - adapted neural units at a level |ower than the
base-1ine condition.

a;l - Positive unstabl e adapt abl e/ adapt ed neur al
units at a level |ower than the base-Iine
condi ti on.

a,l - -ve unstabl e/adapted neural units at a |evel

| ower than the base |ine condition.

The effect of "a" wunits can either be enhanced by a,
uni ts and/ or decreased or cancelled by a2 units. In
ot her words, the |oudness | oss brought about by 'a'
units can be aggravated by a, units and/or the |oud-
ness can be mnimzed or conpletely cancelled or

| oudness can be increased by the action of a2 units.

The revi sed nodel can be used to explain the diffe-
rent results obtained in this study.



3) Xh > Xb <0;
a > ata; - a; <0
The necessary conditions are:

I) a; < ar
1) ata; < a2
b) Xh >Xb = 0;

a>at+a;- a=0
The necessary conditions are:
i) a; < a, and
i) ata; = a;
c) Xh >Xb >0;
a > ata;-a; >0
The necessary conditions are:

1) a; <as
i) ata; > a
iii) a >0

d) Xh = Xb = 0;
a = ata;-a, = 0
The necessary conditions are:
i) a =0( This was not observed)

[ I) a; = A
e) Xh < Xb = 0;
a <ata;-a, =0
The necessary conditions are:
) ar >a (This was al so not

i) ata; = ap
f) Xh < xb >0;
a <ata;-a, >0
The necessary conditions are:

1) a; > ap
1) ata; > ap
iii) a>~0
g9) XL < Xb > 0;
al + a; I - a) <a+a;-a,> 0

The necessary condition is
1) al+a;l - a)l <a+ a; - a
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observed in any subject)
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Xo (SDLB) >Xb (M) is due to 'binaural interaction'.
The 'binaural interaction' can be defined as the
efferent action of nonaural stimulation on the peri-
phery of the contralateral auditory system

Xb (at 60 dB) in SDLB= Xb (at 80 dB) in SDLB = 20 dB

(the data reported by Weiler et al, 1972). is dueto

a phenonenon whi ch may be naned the "eclipse - phenonmenon”.

The ' ecl i pse phenonenon' is the phenonmenon in which

the increase in the amount of adaptation which shoul d

result in the adapting ear, due to the increase in the

intensity of the adapting stinmulus (i.e. increasing

the intensity from60 dB to 80 dB SPL) is 'eclipsed

by the conbined actions of the two efferent systens

(the efferent systeminnervating the outer hair cells

and the efferent systeminnervating the inner hair

cells) in the conparison ear. The action of the effe-

rent systeminnervating the outer hair cells is to

I ncrease the | oudness of the post adapted test tone

in the conparison ear and the action of the efferent

s%sten1innervatin the inner hair cells is to decrease

t he | oudness of the post adapted test tone in the com

parison ear. Wien the adapting stinulus is at 80 dB SPL

In the adapting ear, there will be conbi ned actions of

the efferent systens in the conparison ear which results

in *Ltba = *Ltbb = Ltbb (* = conparison ear)

Ltba = Loudness of a test tone at the adapting intensity
after adaptation.

Lt bb = Loudness of a test tone at the adapting intensity
bef ore adapt ati on.

Xh < Xb >0 at 60 dB SPL adapting intensity in SDLB,

Is due to the fact that Xo will be greater as a result
of 'Loudness gain' in the conparison ear (binaura

I nteraction), whereas, this 'loudness gain', wll be
absent during Xh neasurenments (when the post adapted
test tone is presented at an intensity higher than the
adapting intensity the efferent action ceases.

Xh <Xb>0 at 80 dB SPL adapting intensity in SDLB
I's due to the conbined efferent actions in the com
pari son ear and the adapting ear, together with the
cessation of efferent actions during Xh neasurenents.

"Binaural interaction' is effective only when the
adapting stimulus and the conparison stimulus are of
t he sanme frequency. In support of this, the data
reported by Morgan and Davis (1973) can be recal |l ed
can be recalled (they found that 500 Hz tone at

70 dB SPL for 12 mnutes did not show adaptation for
SDLB t echni que (hetereophonic techni que).
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20. The fact that the efferent action (negative adapt a-
tion) persists even after the withdraw of the adapt-
ing stimulus (Xh > Xb < 0) is probably an inportant
clue to the mechanismof ‘tinnitus'. The patho-
physi ol ogy of tinnitus is yet to be known. The dis-
covery that the efferent action (action of the efferent
systeminnervating the CHCs) activates the sensory
i nputs even in the absence of the acoustic stimlus
Is a clear evidence for understandi ng the pat hophysi o-
l ogy of tinnitus. Tinnitus, arising out of exposure
to continuous auditory stinmulation is likely to be due
to the action of the efferent systeminnervating the
outer hair cells. Adisturbance in the efferent system
i nnervating the outer hair cells, nmay be responsible
for the "tinnitus’' observed in, atleast, sone patho-
| ogi cal cases.

Furt her Wasamurthy (1985) reports
the interpretation of the revised nodel in the light of the
recent devel opnents in auditory physiol ogy and pr oposes
neural nodels of the efferent mechani sns during auditory

adapt ati on.

| n support of the assunption that the action of the
ESICHGCs is to increase the | oudness of the post adapted test
tone, hecitesthe follow ng studies: (1) Spoendlin (1975
reports that the efferents to the outer hair cells (CHCs
synapse with the hair cells and that the enornous efferent
nerve supply to the CHCs would tally with a concept of a nore
nmonitoring role of the CHC system (2) dey and Johnst one
(1982) have denmonstrated that the acoustically activated
activity of the crossed divo cochlear bundle (COCB) nmay
nodi fy the response of the OHCs to acoustic trauna i1.e., the
efferent action counter acts the effect produced by the noi se.
Further, they have found that the sensitivity of the auditory
neurons increases due to the action of the COCB. (3) Cerken
(1984) has denonstrated i n conscious cats that the evoked
response anplitude for 3 KHz tone bursts ( > 60 dB SPL) were
greater in the presence of continuous tone (3 KHz at 70 dB SPL),
He has ternmed the facilitation by sustained tone "enchancenent™,
He has al so speculated that the efferent action m ght be
responsi bl e for the "enhancenent”. (4) Fex et al, (1982) have
concluded that the efferent termnals to the CHCs nmay parti ci -
pate in the recycling of the rel eased neuro-transmtter using
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Aspartate Am no transferase 1AA'Tase). | nterestingly,
t hey have found the AA Tase |i ke immuno reactivity in

the Medial systemof efferents but not in the |atera
system (5) Coms and Wiitfield (1968) report that the
acetylcholine (neurotransmtter of ESICHCS) is an excita-
tory neurotransmtter. (6) Hoffrmann et al (1983) have
detected enkephalin |ike peptides (putative neuro-active
substance) in the efferent termnals of OHCs. 7) Pickles
(1982) reports that the centrifugal fibres to the cochl ear
nucl eus are both excitatory and inhibitory. (8) Stopp

et al (1983) suggest that the efferent systemmay i ncrease
t he dynam c range of the neurons.

| n support of the assunption that the ESI I HCs (and

a units) is responsible for decreasing the | oudness of

t he post adapted test tone, he cites the foll ow ng studies:

(1) Spoendlin (1975) has established that the efferents to
the inner hair cells 2IF{B% synapse with the afferent
dendrites. (2) Sohnmer (1966) reports that the electrica
stimul ati on of uncrossed ol ivo-cochl ear bundl e (UCCB) reduces
the N potential of the cochlea. (3) It has been established
that nor-adrenaline is an inhibitory neuro-transmtter of the
eggggent audi tory systemwhi ch produces inhibition (Pickles,
1 :

Regarding the electrical stinmulation of COCB
Wasanurthy (1985) wites:

"A though many studies, as nmentioned earlier, showthat the
ESICHGCs is responsible for | oudness gain, Wderhold and

Ki angl (1970? have reported that the electrical stinulation
of COCB results in the desensitization of the '"tips' of the
tuning curves. Further, Pickles (1982) has concl uded t hat
the electrical stimulation of COCB reduces the response of
the auditory nerve fibres to sound. This controversial issue
can be easi resolved if we recall the observations of

Bodi an (1983); S egal and Kim(1982); and Mountain (1980)."
It must be kept in mnd that evidences for inhibitory role
of the efferent innervation of the cochlea pertains to | HC
system —function of ESICHCs is yet to be known. Presence
of efferent innervation of the vestibular receptors suggests
a general role for all labyrinthine efferent pathway such

as the enhancenent of sensitivity of the various receptors
(Bodi an, 1983)".



(1985)

Further, Wasanurthy/ points out "Hectrica
stimul ati on of GOCB i ncreases the danpi ng of cochl ear
partition (Seigel and Kim 1982; Muntain, 1980)".

Wasanurt hy (1985) comments: "it rmay not be a correct
assunption that the electrical stinulationof COCB and the
acoustic stinmulation of COCB produce simlar effects. W
shoul d have - CGrane's (1983) viewof OHC afferents and CHC
efferents acting as a servo-system in mnd, when COCB is
electrically stinulated. Naturally, we can expect the
servo-systemto be disturbed when COCB is electrically
stinmulated. |ndeed, the danping of the basilar nmenbrane
i ncreases (or negative danpi ng decreases i.e., whan COCB
is electrically stinulategy m ght be responsible for the
desensitization of the "tips' of the tuning curves and al so
for the decrease in N, response. The acoustic stinulation
of COCB nmay be expected to result in the increase of the
sensitivity of CHC afferents through the recycling of the
rel eased neuro-transmtter (acetylcholine?) as suggested
by Fex et al (1982)".
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VIl. An Active Mechani sm

There are two groups of efferent system

i) Ef ferent systeminnervating the OHCs

ii) Efferent systeminnervating the | HCs Weiss (1982)
studied Bidirectional properties in vertebrate hair

cells i.e. Mechano-electric and el ectro-nechani cal .

Wei ss (1982) states that the stinulation of the
efferent systemleads to an electrical effect and
consequently a nechanical effect on the OHC which in
turn nodi fies the nechanical input to the IHCs. He
has nmentioned the follow ng as evidences: -

a) Spont aneous acoustic em ssions fromthe cochl ea.

b) Changes in the distortion products as a result of
efferent stinulation.

c) Presence of Action filanents in the stereocilia.

Davis (1983) has proposed that there is an active
process in cochl ear mechanics. The OHCs responds to sounds
of intensities less than 60 dB. The OHCs when stinul at ed
have an effect on IHCs. Thus, indirectly the IHCs too are
stinulated at lowintensities. At high intensities (greater
than 60 dB), the IHCs are directly stinmulated. Thus the
IHCs are stimulated at lowintensities and at high intensi-

ties. At higher intensities they are stinulated by the



passi ve system At lowintensities (less than 60 dB), an

active process i s present.

Qt her investigators (Kenp, 1978, 1979; Zw sl ocki, 1980;
Zyrek, 1981; 2Zwi sl ocki and Kl essy, 1982; Meel ey and Ki m
1983) have al so suggested that there is an active nechani sm
in the cochlea. S egel and Kim (1982) state that the active
mechani smis controlled by the Central Nervous systemthrough
the activity of the efferent synopses on the OHCs. Many
i nvestigators are of the opinion that the active nechani sm
I's responsible for the greater sensitivity and sharp tuning

expressed by the "tips' of the neural tuning curves.

Crane (1983) suggests that the hyperactivity of the
active nechani smmay be responsi ble for the spontantaneous
acoustic emssions. Wil e discussing the functions of the

efferent auditory systens. Cane (1983) comments: "CHC

afferents are part of the serve - control system (for instance,

reporting back the state of CHC responses to efferent excita-
tion) the speed of a servo-systemcan generally be increased
I f position information is available fromthe nechani smunder
control - another possibility is that CHC afferents refl ect

a crude estimate of the acoustic |evel at the CHCs and t hat
they rather than the IHC afferents are the source of the

efferent excitation.
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VIIl. Mdels of the Efferent Mechani sns:

By putting all the above pieces of information,
Wasanurthy (1985) proposed the follow ng neural nodel s

(Figure 1 and 2) of the efferent mechani sns during auditory

adaptation. He explains:

" The nodel (Figure 1) suggestes that the efferent system
passi ng through the Medial Superior Aive (MO is responsible
for the | oudness gain Erecycling of the rel eased neurotrans-
mtter) and the nodel (Figure 2) suggests that the efferent
systempassi ng through the lateral superior olive (LSO is
responsi bl e for loudness loss (‘a8 wunits are al so responsi bl e
for loudness | oss). The efferent systempassing through LSO
may be expected to rel ease nor-adrenaline to inhibit the
responses of the neurons innervating the IHCs as the etferents
tothe IHCs synapse withthe afferent dendrites of the | HCs".

Note: In figure-1 dashed |ine nmeans not inportant
for |oudness gain; Cochlear Anplifier (CA
refers to active nechani sm

- See Davi s, 1983.
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| X. Cochl ear mcrophonic and TTS in nan: -

"Cochl ear m crophonic potentials (CM were recorded,
by neans of surface el ectrodes, before during and after
whi t e- noi se-i nduced tenporary threshold shifts (TTS) in
human vol unteers. The behavioural threshold shift was
not acconpani ed by a change in anplitude of CM These
findings Indicate that in humans, the site affected by
t he noi se exposure and whi ch probably gives rise to the
TIS is central to the site of generation of CM In a
previ ous study, the conpound action potential generated
In the auditory nerve was found to be of |ower anplitude
and longer latency during TTS, and it is thus proposed
that the site affected is peripheral to the generation of
conducted action potentials. The synapse between hair
cells and the auditory nerve fibres is the nost likely
candidate to be the affected side". (Pratt et al; 1978)
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METHODALOGY

Subj ect s:

The study consists of twenty one nmales and ten fenal es
ranging in age from17 years to 25 years. The subjects were

selected on the basis of the following criteria:

No history of

. ear di scharge;

ii. ear ache;

. tinnitus;

i V. gi ddi ness;

V. headache;

Vi . brai n damage and

Vii. exposure to | oud sounds.

Al'l the subjects had hearing sensitivity within 20 dB HL
(ANSI 1969) in the frequencies - 250 Hz, 500 Hz, 1KHz, 2 KHz,
4 KHz and 8 KHz.

| nstrunent used:

Bel t one 200-C audi oneter with TDH 39 earphones and circum
aural cushion MX-41/ AR was used. The audi oneter was cali brat ed

according to the specifications given by ANSI 1969.
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Cal i bration:

Cal i bration of the audi ometer was nai ntai ned usi ng
Bruel and Kjaer calibrationunit. It consists of arti-
ficial ear (type 4152), Sound Level Meter (2203) and
Cctave Filter Set (1603). Calibration was done in a sound

treated room

Peri odi ¢ checking was nade to keep the unit in

calibration throughout the period of study.

Test Envi ronnent:

The study was carried out in an acoustically sound
treated roomat Al India Institute of Speech and Heari ng.
The anbi ent noise levels present in the test roomwere

bel ow t he proposed nmaxi mum al | owabl e noi se | evel s.

Pr ocedur e:

Al the subjects were screened at 20 dB HL (ANSI, 1969)
for the frequencies 250 Hz, 500 Hz, 1 KHz, 2 KHz, 4 KHz and
8 KHz in both the ears.

The subjects were divided into 3 groups viz. A B, C
A, B, Cgroups had 17 subjects, 7 subjects and 7 subjects

respectively. Bach group had to undergo two experi nments.
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Totally six experinents were done. Experinents | and |
were done using group A. Experinent Il and IV were
done using group B. Experinents V and VI were done usi ng

group C.

Experi nent -1:

Threshol ds were established for 4 KHz and 8 KHz
separately for the group A

The sevent een subjects were then exposed to 4 KHz tone

at 110 dBH. in right ear (Mnaural) for ten m nutes.

Threshol d, was then determned in the sane ear i mme-
diately after cessation of the stimulus, using 8 KHz as

the test tone.

Tenporary Threshold Shift immedi ately after the

termnation of the fatiguing stimulus (TTSo) was conput ed.

I.e. TTSo = Threshold at 8 KHz tone i nmedi atel y
after termnation of the fatiguing
stimulus - Threshold at 8 KHz before

the ear was fatigued.

Tenporary Threshold Shift after the recovery tine

of 2 mnutes (TTS;) was al so determned by finding the



threshold at 8 KHz, 2-mnutes after the termnation of

the fatiguing stinulus.

TTS, = Threshold at 8 KHz, 2 mnutes after the
termnation of the fatiguing stimulus -
threshold at 8 KHz before the ear was

fati gued.

Experinment-11:

Threshol ds were established for 4 KHz and 8 KHz for
the group A

A rest period of at |east 24 hours was all owed
bet ween the experinments | and I1. The 17 subjects were
exposed to binaural stimulation (4 KHz tone at 110 dB HL
toright ear and 4 KHz tone at 80 dB HL to left ear) for

10 m nut es.

TTSo and TTS, were determned in right ear using
8 KHz as the test tone, in the sane manner as it i s descri bed

i n experinent |.

Experinment-111:

Threshol ds were established for 2 KHz and 4 KHz

separately for the group B
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The seven subjects were then exposed to 2 KHz tone
at 100 dB H. in right ear (nonaural stinmulation) for 10

m nut es.

Threshol d, was then determned in the sane ear
i medi ately after cessation of the stinulus, using 4 KHz

as the test tone.

Tenporary Threshold Shift imrediately, after the

termnation of the fatiguing stimilus (TTSo) was conput ed.

i.e. TISo = Threshold at 4 KHz tone imredi atel y
after termnation of the fatiguing
stimulus - threshold at 4 KHz before

the ear was fatigued.

Tenporary Threshold Shift after the recovery tine of
2 mnutes (TTS;) was also determned by finding the threshold
at 4 KHz, 2 mnutes after the termnation of the fatiguing

st i mul us.

TTS, = Threshold at 4 KHz, 2 mnutes after the
termnation of the fatiguing stinmulus -
threshold at 4 KHz before the ear was

fati gued.
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Experi ment -1 V:

Threshol ds were established for 2 KHz and 4 KHz for
t he group B.

A rest period of at |east 24 hours was all owed bet ween
the experinments Il and IV. The 7 subjects were exposed to
bi naural stinmulation (2 KHz tone at 100 dB HL to right ear
and 2 KHz tone at 80 dBHL to left ear) for 10 m nutes.

TTSo and TTS, were determned in right ear using 4 KHz
as the test tone, in the sanme manner as it is described in

experinment I11.

Experi nent - V:

Threshol ds were established for 2 KHz and 4 KHz

separately for the group C

The seven subjects were then exposed to 2 KHz tone at

100 dB HL in right ear (rmonaural stinulation) for 5 m nutes.

Threshol d, was then determned in the sane ear i mre-
diately after cessation of the stinmulus, using 4 KHz as the

test tone.

Tenporary Threshold Shift inmmediately after the term-

nati on of the fatiguing stimilus (TTSo) was conput ed.
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i.e. TISo = Threshold at 4 KHz tone i mredi ately
after termnation of the fatiguing
stimulus - Threshold at 4 KHz before

the ear was fatigued.

Tenporary Threshold Shift after the recovery tine
of 2 mnutes (TTS,) was al so determned by finding the
threshold at 4 KHz, 2 mnutes after the termnati on of

the fatiguing stinulus.

TTS, = Threshold at 4 KHz, 2 mnutes after the
termnation of the fatiguing stinmulus -
threshold at 4 KHz before the ear was

fati gued.

Experinent VI :

Threshol ds were established for 2 KHz and 4 KHz for
the group C

Arest period of at |east 24 hours was all owed between
the experiments V and VI. The 7 subjects were exposed to
bi naural stimulation (2 KHz tone at 100 dB HL to right ear
and 2 KHz tone at 80 dBHL to left ear) for 5 m nutes.

TTSo and TTS- were determned in right ear using
4 KHz as the test tone, in the same nanner as it is

descri bed in experinment V.
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RESULTS AND DI SOUSSI ONS

Tabl e-1 shows the tenporary threshold shift
(TTSo, TTS,) at 8 KHz obtained in experinent-1|.

Tenporary threshold shifts (TTSo, TTS;) at
8 KHz obtained in experinent-11 are given in

Tabl e- 2.

Tabl e-3 presents the tenporary threshold
shifts (TTSo, TTS,) at 4 KHz obtained i n experi -

ment-111.

Tenporary threshold shifts (TTSo, TTS;) at
4 KHz obtained in experinent-1V are presented in

Tabl e- 4.

Tabl e-5 shows the tenporary threshold shifts
(TTSo, TTS,;) at 4 KHz obtained i n experi ment-V.

Tenporary threshold shifts (TTSo, TTS;) at
4 KHz obtained in experinent-VI are given in

Tabl e- 6.



Experi nental Paradi gns are shown in

Tabl e-7.

The nean TTSo val ues of experinments | and 11
show that the presence of contral ateral stimlus
and t he absence of contralateral stinulus does

not produce much difference in TTSo val ues.

TTS- values of experinments | and Il al so show

not nmuch di fference.

The nean TTSo of experinents Il11 and IV show
that the presence of contralateral stinulus and
t he absence of contralateral stinmulus does not

produce much difference in TTSo val ues.

TTS- values of experinents IIl and IV show

much di f f erence.

The nmean TTSo of experinents V and VI show
that the presence of contralateral stinmulus and
t he absence of contral ateral stimulus does produce

significant difference in TTSo val ues.
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TTS, val ues of experinments V and VI show not

much di fference.

Tabl e-8 shows significance of difference between
the nmean TTS val ues obtained in experinments | and |1 ;

experinents |1l and 1V, and experinents V and VI.

It is clear fromTable-8, there is significant
di fference between nean TTSo val ues obtained i n expe-
riments Vand VI. Significant difference between
TTS, values obtained in the experinments |1l and IV

has al so been observed.

TTSo val ues obtained in experinents | and ||
do not show significant difference, in the sane way
TTSo val ues obtained in experinents |1l and IV al so
do not showsignificant difference. On the contrary,
TTSo val ues obtained in experinents V and VI show

significant difference.
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Conparison of TTSo obtained in experinents | and |1

with the TTSo val ues obtained in experinments |1l and IV
shows that the TTSo val ues of experinents | and Il are
greater than those of experinents Ill and IV. This shows

that the high frequency stinmulus produces nore TTS than
arelative lowfrequency stimulus i.e. in this study 4 KHz

fatiguing stimulus produced nmore TTS than 2 KHz sti nmul us.

This result agrees with the earlier reports that the
hi gh frequency fatiguing stinulus produces nore TTS than

t he | ow frequency sti mul us.

Conpari son of TTSo val ues obtained in experinents |1I
and IVwth the TTSo val ues obtained in experinents V and
VI shows that there is significant difference between the
TTSo val ues obtained in experinents V and VI, whereas there
is no difference between TTSo val ues obtained i n experinents
Il and 1V. These results can be explained in terns of

efferent acti on.

Pratt et al (1978) have reported that TTS of 20 dB
in normal hearing subjects may be due to 'reduced synaptic
efficacy’. TTSo of experiment VI was significantly | ess
than the TTSo of experinent Vi.e. in the presence of con-

tralateral stimulation (efferent action - see Cody and



Johnstone, 1982) the TTS obtai ned was | ess. |n other words
in experinent VI there was efferent action (due to contra-

| ateral stinulation) and there was no efferent action in
experiment V (Mnaural stinmulation). Fromthe results of
the present study (especially the results of experinents
Vand VI) it is clear that due to efferent action the TTS
reduces - this is in agreenent with the findings of Cody
and Johnstone (1982). Cody and Johnstone (1982) have esta-
bl i shed (see table-9) that the TTS reduces in the presence

of contralateral stinulation.

A question arises regarding the mechani smby which
the efferent action reduces the TTS. It is quite probable
that the efferent action increases the synaptic efficacy,

as a result, the TTS reduces. The sane expl anation may

hol d good in the study reported by Cody and Johnst one (1982).

Thus the explanation for the reduction in TTS in experinent
VI is likely due to increase in the synaptic efficacy as a

result of efferent action.

The failure to observe reduction in TTSo i n experi nment
| V when conpared to experinent-111, needs explanation. |If
the efferent action reduces TTS, the TTSo obtai ned in expe-
riment-1V shoul d have been less than in TTSo obtained in

experinent-111. But the results of the present study show
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that there is no significant difference between TTSo

val ues obtained in experinent IIl and IV. The expl ana-

tion for the failure to observe TTSo i n experinent-TV

may be found in terns of the changes of the function of

hair cells. In experinent-1Il and IV the duration of
fatiguing stimulus was 10 mnutes in contrast to 5 mnutes
whi ch was used for experinents-V and VI. Hence in
experinments |1l and IV tenporary dysfunction of hair cells
can be expected. Actually the present study shows nore

TTS in experinents |11 and |V than in experinents-V and

VTZ. Since dysfunction of hair cells is responsible for
TTS observed in experinents-111 and |V, the efferent

action (which mainly changes the synaptic efficacy) m ght
not have been effective in reducing the TTS. Thus the
failure to observe less TTSo in experinment-TV ( in spite

of efferent action) may be due to the fact that the efferent
action changes the synaptic efficacy but not the dysfunction
of hair cells. Had the efferent action changed i n dys-
function of hair cells TTSo in experinent-1V should have

been | ess than TTSo of experinent-111.

It can be concluded fromthe present study that the
efferent action changes the synaptic efficacy w thout

bri ngi ng much changes in the dysfunction of hair cells.



I n support of Cody and Johnstone's (1982) observa-
tion that the efferent systeminnervating the outer hair
cells increases the sensitivity of neurons a nodel of
ef ferent nechani sm during adaptation, proposed by
Vyasamurthy (1985) may be cited. The figure-1 in his
nodel shows that the efferent action passing through
medi al superior olive (M5O is responsible for |oudness
gain. VWyasamurthy (1985) explains in ternms of recycling
of the released neurotransmtter as suggested by Fex et al
(1982). The efferent action may (action of the efferent
systeminnervating the outer hair cells) may increase the
synaptic efficacy through the recycling of the rel eased
neurotransmtter. TTS of about 20 dB in human subjects
may be due to reduced synaptic efficacy - this reduced
synaptic efficacy can be set right partially by contra-
lateral stimulation, which produces efferent action in the
test ear (in this study right ear) as per the nodel

described in figure-1.
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Table-1. TTSo, TTS, (at 8 KHz) values obtained in Expt.l for group 'A

Fatiguing stinmul us Measured at 8 KHz

Subj ect . Cur Erint incL)l?eisn

Frequency Intensity TTSo TS,
inH

1. 2. 3. 4. 5. 6.
1. Trial-I 4 KHz 110 dB 10 50 55
Trial-11 4 KHz 110 dB 10 30 10
Trial-11l 4 KHz 110 dB 10 35 15
2. Trial-| 4 KHz 110 dB 10 30 35
Trial-11 4 KHz 110 dB 10 35 30
3. 4 KHz 110 dB 10 35 35
4. Trial-I 4 KHz 110 dB 10 35 25
Trial-11 4 KHz 110 dB 10 30 20
5. 4 KHz 110 dB 10 50 50
6. 4 KHz 110 dB 10 40 20
7. 4 KHz 110 dB 10 30 15
8. 4 KHz 110 dB 10 35 25
9. 4 KHz 110 dB 10 50 45
10. 4 KHz 110 dB 10 40 30

Contd. Tabl e-1



In continuation of Table-1:
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1. 2. 3. 4. 5. 6.

11. Trial -1 KHz 110 dB 10 40 35
Trial -1l KHz 110 dB 10 45 35
12. KHz 110 dB 10 60 45
13. KHz 110 dB 10 45 40
14. KHz 110 dB 10 40 35
15. KHz 110 dB 10 40 15
16. KHz 110 dB 10 35 20
17. KHz 110 dB 10 45 30
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Tabl e-2: TTSo, TTS, (at 3 KHz) values obtained in Experinment Il for group 'A

Measured at 8 KHz

Fatigui ng stinulus Dur ati on
Subj ect . in TTSo TTS
Frequency I ntensity m nut es 2

in HL

1. 2. 3. 4. 5. 6.
1 Trial-l| 4 KHz 110 dB 10 35 25
Trial-11 4 KHz 110 dB 10 25 5
Trial-111 4 KHz 110 dB 10 30 10
2 Trial-I 4 KHz 110 dB 10 30 35
Trial-11 4 KHz 110 dB 10 35 25
3 4 KHz 110 dB 10 25 30
4 Trial-I 4 KHz 110 dB 10 30 25
Trial-11 4 KHz 110 dB 10 35 25
5 4 KHz 110 dB 10 50 50
6 4 KHz 110 dB 10 35 20
7 4 KHz 110 dB 10 30 15
8 4 KHz 110 dB 10 35 30

Cont d. Tabl e-2
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1. 2. 4. 5. 6.

9 KHz 110 dB 10 40 40
10 KHz 110 dB 10 45 30
11 Trial-|I KHz 110 dB 10 45 35
Trial-11 KHz 110 dB 10 45 35

12 KHz 110 dB 10 55 45
13 KHz 110 dB 10 45 30
14 KHz 110 dB 10 45 30
15 KHz 110 dB 10 35 25
16 KHz 110 dB 10 45 30
17 KHz 110 dB 10 45 40
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Table-3: TTSo, TTS, (at 4 KHz) values obtained in Experinent Il for group 'B
Subj ect Fatiguing stinulus Dur at i on Measured at 4 KHz

Frequency | nt eaii ty in i MUt es TTSo TS,

1 2 KHz 100 dB 10 40 30

2 2 KHz 100 dB 10 50 40

3 2 KHz 100 dB 10 40 35

4 2 KHz 100 dB 10 30 20

5 2 KHz 100 dB 10 35 30

6 2 KHz 100 dB 10 35 30

7 2 KHz 100 dB 10 25 20
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Table-4: TTSo, TTS, (at 4 KHz) values obtained in Experinent |V for group 'B

Fati gui ng stinulus Measured at 4 KHz

Subj ect : Dur?tni on
Frequency I ntensity ni nut es TTSo TS,
In HL

1 2 KHz 100 dB 10 35 30
2 2 KHz 100 dB 10 45 35
3 2 KHz 100 dB 10 40 30
4 2 KHz 100 dB 10 25 15
5 2 KHz 100 dB 10 40 30
6 2 KHz 100 dB 10 35 20

7 2 KHz 100 dB 10 30 15
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Tabl e-5: TTSo, TTS, (at 4 KHz) values obtained in Experinment-V for group 'C

_ Fati guing stimulus Measured at 4 KHz
Subl ec Frequency Intensity ilr3]urmz_itniu<t)rés TTSo TTS,
in HL
1 2 KHz 100 dB 5 20 15
2 2 KHz 100 dB 5 25 10
3 2 KHz 100 dB 5 15 10
4 2 KHz 100 dB 5 30 20
5 2 KHz 100 dB 5 25 10
6 2 KHz 100 dB 5 20 20

7 2 KHz 100 dB 5 30 20
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Tabl e-6: TTSo, TTS, ( at 4 KHz ) val ues obtained in Experinent-M for group 'C

Fatiguing Stimulus Measured at 4 KHz

i Duration
Subj ect . : in mnutes
Fr equency Intensity in TTSo TS,
HL

1 2 KHz 100 dB 5 15 10
2 2 KHz 100 dB 5 15 15
3 2 KHz 100 dB 5 15 10
4 2 KHz 100 dB 5 20 15
5 2 KHz 100 dB 5 15 10
6 2 KHz 100 dB 5 15 10

7 2 KHz 100 dB 5 20 15




Tabl e-7:  Experi nent al

Par adi gns
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Mean TTS in dB

Expt | psi | at er al Contral atera
' exposur e exposur e TTSo TTS
2
| 4 KHz 40. 29 29. 85
110 dB HL (7.89) (11. 36)
D= 10
[ 4 KHz 4 KHz 39. 36 30. 14
110 dB HL 80 dB HL (8.42) (10. 40)
D= 10 D= 10
11 2 KHz 36. 42 29. 28
100 dB HL (8.01) (7.31)
D= 10
IV 2 KHz 2 KHz 35.71 25. 00
100 dB HL 80 dB HL (6.72) (8.16)
D= 10 D= 10
\Y 2 KHz 23. 57 15. 00
100 dB HL (5.56) (5)
D=5
Vi 2 KHz 2 KHz 16. 42 12. 14
100 dB HL 80 dB HL (2.44) (2.67)
D= 5 D= §
Note: i) Figures in parenthesis indicate standard deviation

ii) Dindicates duration of exposure in m nutes.
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Tabl e-8: Significance of difference (WIcoxon Matched Pair Signed Ranks Test)

Expt . | TTSo T=19, N= 10, P>0.01 NS
and

Expt. 11 TTS, T=23, N=11, P >0.01 NS

Expt. 111 TTSo T=6 N=5 P>0.01 NS
and

Expt. IV TS, T=0 N=5 P<0.01 S

Expt.V TTSo T=0 N=6 P<001 S
and

Expt . VI TS, T=-2.5N=5 P>0.01 NS

Note: NS = Not significant, P>0.01

S Significant, P< 0.01
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Tabl e-9: Experinental Paradi gns (Cody and Johnstone - 1982)

n, the nunber of animals used for each paradigm the total nunber
used for the study was 34.

Aver age nmaxi mum

1 ng/ kg strychni ne

, | psi | ateral Contr al at er al | psil ateral
Experi ment exposure exposur e Ny threshold
loss (SD).

Cont r ol 10 KHz none 38.77 + 2.77 dB
(n=9) 107 dB SPL -
A 10 KHz 10 KHz 26.10 + 4.30 dB
(n=10) 107 dB SPL 80 dB SPL B

B 10 KHz 7 KHz 38.25 + 2.06 dB
(n=5) 107 dB SPL 80 dB SPL
C 10 KHz 14 KHz 37.80 + 2.48 dB
(n=5) 107 dB SPL 80 dB SPL
D 10 KHz 10 KHz 38.80 + 1.92 dB
(n=5) 107 dB SPL 80 dB SPL

Significantly different fromthe control
(Students t-test)

N, Threshold |oss at the 5%/ evel
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SUWARY AND CONCLUSI ONS

Pratt et al (1978) have shown that if the TTS in
a subject is about 20 dB 'reduced synaptic efficacy' may
be responsible for the TTS and that the dysfunction of
the hair cells may be ruled out. Their conclusion was
based on the fact that they did not observe reduction in

cochl ear m crophoni ¢ al though there was TTS of about 20 dB.

Cody and Johnstone (1982) have established that the
action of the efferent systeminnervating the outer hair
cells increases the sensitivity of the auditory neurons.
The increase in the AP (action potential) response during
bilateral stimulation (i.e. in presence of efferent action)
nmay be explained in terns of recycling of the rel eased

neuro-transmtter (Fex et al, 1982).

Wasanurthy (1982, 1985) has reported that the ESI GHCs
i's responsi ble for 'loudness gain' during adaptation. He
has cited the followi ng studies in support of it: Spoendlin
1975, Cody and Johnstone 1982, Gerken 1984, Fex et al 1982,
Coms and Wiitfield 1968, Hoffrmann et al 1983, Pickles 1982,
Stopp et al 1983.

The present study was ained at investigating (1) whether

the ESICHCs increases the sensitivity of the auditory neurons



I n human subj ects as Cody and Johnstone (1982) have
reported. (2) whether the efferent action has any role
i n changing the tenporary dysfunction of hair cells

caused by fatiguing stimulus.

The Bel tone 200-C audi oneter with TDH 39 ear phone
and MX-41/ AR circum aural cushion, calibrated according
to the specifications given by ANSI 1969 was used for
the study. Twenty one nales and ten fermal es nornal subjects
in age ranging from 17 years to 25 years were used in
this study. Subjects were divided into 3 groups viz.,
A B C A BandCgroups had 17, 7 and 7 subjects
respectively. Experinments | and Il were carried out using
group A, experinents Il and IV were carried out using
group B and experinents V and VI were carried out using

group C.  TTSo, TTS, was determned in all experinents.

The results of the present study show that conparison
of TTSo obtained in experinments | and Il with the TTSo
val ues obtained in experinments Ill and IV are greater.
This shows that the high frequency fatiguing stinmulus
produces nore TTS than a relatively | ow frequency stinul us

(i.e. 4 KHz stimulus produced nore TTS than 2 KHz sti nul us).

Conparison of TTSo val ues obtai ned in experinents

Il and IV with the TTSo val ues obtained in experinents

82
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V and VI shows that there is significant ditference

between the TTSo val ues obtained in experinents V and VI,
whereas there is no difference between TTSo val ues
obtained in experinments Il and IV. These results can be

explained in terns of efferent action.

Pratt et al (1978) have reported that TTS of 20 dB
i n normal hearing subjects may be due to 'reduced synaptic
efficacy'. TTSo of experinent VI was significantly |ess
than the TTSo of experinent Vi.e. in the presence of con-
tralateral stinmulation (efferent action - See Cody and
Johnstone, 1982) the TTS obtained was | ess. |n other words
in experinment VI there was efferent action (due to contra-
| ateral stinmulation) and there was no efferent action in
experiment V (Mnaural stimulation). Fromthe results of
the present study (especially the results of experinents
Vand VI) it is clear that due to efferent action the TTS
reduces. This is in agreenment with the findings of Cody
and Johnstone (1982). Cody and Johnstone (1982) have esta-
bl i shed (see table-9) that the TTS reduces in the presence

of contralateral stimulation

Regardi ng the mechani smof efferent action reducing
the TTS, it is quite probable that the efferent action
I ncreases the synaptic efficacy, as aresult, the TTS

reduces. The sane explanation may hold good in the study



reported by Cody and Johnstone (1982). Thus the expl anati on
for the reduction in TTS, in experinment VI, is |ikely due
to increase in the synaptic efficacy as a result of efferent

acti on.

The failure to observe reduction in TTSo in experi nment
|V (when conpared to experinment I11) may be due to tenporary
dysfunction of hair cells. Actually the present study shows
nmore TTS in experinments [l and TV than in experinents V and
VI . Since dysfunction of the hair cells is responsible for
TTS observed in experinments IIl and IV, the efferent action
(which mai nly changes the synaptic efficacy) mght not have

been effective in reducing the TTS.

Thus, it can be concluded that the efferent action
changes the synaptic efficacy w thout bringing nmuch changes

i n the dysfunction of hair cells.
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