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Baégz;né/aata of the a. c. cochlear potential and the auditory
evoked neural potential (Nl) from as many as seventy-nine guinea pigs
are presented for the first time. These electrophysiclogical measures
of cochlear function were used to specify changes induced by both
intense sound and sodium salicylate. Both of these agents were found
to reduce the amplitude of the auditory evoked neural potential (M)
while leaving the alternating current cochlear potential unaffected.
Further, in the case of iIntense tones, the effect on N; was shown to
be frequency specific and was found to be maximal at one half an
octave above the exposure frequency. This finding is considered im-
portant since it is similar to behavioral measures of hearing losses
which are commonly reported. The effect of salicylate was not fre-
quency specific and was found at all frequencies measured. The decre-
ments in N; from both intense tones and sodium salicylate were shown
to be temporary.

Intense tones and salicylate showed an interaction in their ef-
fects on Nj but not upon the a. c. cochlear potential. That is to say,

that these agents, when given together, produced a greater temporary

change in Nj than either agent alone, but not more than would be ex-

pected from a simple summation.
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GLOSSARY

a. c¢. cochlear potential, the alternating current cochlear potential
or, in this study where it is thought that no confusion can result,
it is called the cochlear potential. This potential is thought
to be produced by the hair cells in the cochlea (99) %nd is often

called the cochlear microphonic.

dB, decibel. Decibels are an exponential or logarithmic unit of
sound pressure level. These units express the magnitude of any
sound relative (re:) to an arbitrary sound pressure level. Decibel
as a mathematical expression is,
P

1
dB = 20 log =
P

2
where Py is the sound pressure level of concern and Py is the refer-
ence pressure. Two reference pressures are in common use, 1 dyne/
cn? and .0002 dyne/cmz. It may be helpful to remember that .0002
dyne/cm2 is 74 dB below 1 dyne/cmz. A conversion can be made

between these references according to the following formula,

dB re: 1 dyne/cm2 + 74 dB & dB re: .0002 dyne/cm2

frequency function, the change in a potential as the frequency of the
stimulus is changed. An example of the 1 uV a. c¢. cochlear poten-

tial frequency function is shown in Figure 3.

harmonic, is a component of a periodic wave having a frequency which

is an integral multiple of the fundamental frequency. The



fundamental of a pure tone is also the first harmonic.

intensity function, the change in magnitude of a potential as the
intensity of a stimulus is changed. Examples of intensity functions

of the a. c. cochlear potential and N, are shown in Figures 4 and

7 respectively,

mg %, milligram per cent. Milligram per cent is the number of milli-
grams of solute in 100 ml of solvent, expressed as a per cent.

Therefore, a blood level of 20 mg % is 20 mg. in 100 ml. of blood.

Ny, 1is the initial negative neural response of the cochlear nerve
usually resulting from the abrupt onset of an acoustic stimulus.

It is also called, improperly, the eighth nerve action potential.

octave, 1is the interval between two frequencies having a ratio of

2 to 1.

Preyer pinna reflex, movements of the pinna in response to the onset

of an intense acoustic stimulus.
re:, relative.

rms, root-mean-square. In the case of sine waves, rms multiplied by
2,83 equals the peak-to-peak value. This conversion may be used
for the a. c. cochlear potential in this study since it is a sine
wave. However, this conversion may not be used for N; as it is not

a sine wave.
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salicylates, this term will be used to refer to commonly used sali-
cylate analgesics and their metabolites. Commonly used salicylate
analgesics include, acetylsalicylic acid, sodium acetylsalicylate,
sodium salicylate, salicylic acid, choline salicylate, and methyl

salicylate.

SPL, sound pressure level. This term, SPL, is commonly used in the

abbreviation dB SPL where it refers to dB re:; .0002 dyne/cmz.



The.Temporary Effects of Intense Sound and Sodium Salicylate

on the Electrical Activity of the Cochlea

Two important causes of hearing loss are intense sound and
ototoxic drugs. Decreases in auditory sensitivity, or hearing losses,
are usually seen as a change in the threshold of hearing. These
threshold shifts, produced by intense sound as well as aspirin
(acetylsalicylic acid), are of considerable interest as the general
population is frequently exposed to both of these agents.

A number of studies have pointed to the cochlea as the site

& produce their effect., The

. where both intense sound and salicylate
purpose of the present study was to use electrophysiological measures
of cochlear function to specify those changes produced by both in-
tense sound stimulation and salicylates. The parameters measured
were the a. c. cochlear potential, which is thought to reflect activ-
ity of the receptor cells, and the auditory evoked neural fotential
(N1), which reflects activity of primary cochlear neurons. Prelimi-
nary evidence has suggested that these two measures react differently.
A further related question of interest was the possibility that these
agents might interact when given simultaneously. In addition, the
techniques that have been preyiously used to study the evoked neural
activity from the cochlea have suffered from limitations such as in-

adequate frequency range and insufficient attention to sound quanti-

fication. Therefore, the present study was designed to contribute

1The term salicylates will be used to refer to commonly used
salicylate analgesics and their metabolites,



quantita£ive data to the cochlear electrophysiological literature.
It is thought that changes in cochlear function, as measured
here, refleet the hearing losses that have been shown to be produced
by both intense sound and salicylates. Behavioral studies showing
hearing losses, as well as morphological and electrophysiological
studies which have shown changes in the cochlea, have been reported
for both intense sound and salicylates. A review of the literature
on the effects of salicylates and intense sound will set the stage

for the present study.

The Effects of Salicylates on the Auditory System

Most people who take large doses of salicylate, such as ten to
fifteen aspirin tablets (5 grain) per day, experience temporary hearing
threshold shifts (TTS) as a side effect. This temporary hearing
deficit from salicylate stands in contrast to other ototoxic drugs,
such as streptomycin, which produce permanent hearing losses.

Aspirin is a commonly ingested non-prescription drug, so common
that in 1964, for example, sixteen billion aspirin tabléts were sold
in the United States alone (93). Some people, such as those suffer-—
ing from rheumatoid arthritis, who take large doses of aspirin
achieve high concentrations of salicylate in the blood. Although
high concentrations are necessary for the beneficial effects in the
treatment of rheumatoid arthritis and rheumatic fever, these high
concentrations produce side effects of gastrointestinal bleeding,
temporary hearing loss, tinnitus, nausea, vomiting and dizziness (33,

22, 44, 29, 107). The pharmacological actions of salicylates are



summarized in Appendix 1.

A number of biochemical studies have been done in attempts to
elucidate the biochemical mechanisms underlying these pharmacological
actions. An outline of these biochemical studies can be found in
Appendix 2. Smith and Smith (86) suggest that the ototoxicity of
salicylate is due to the uncoupling of oxidative phosphogylation. No
data to support this hypothesis are given and therefore this remains
only a suggestion.

Before reviewing the literature concerned with hearing impair-
ment due to salicylate, something should be mentioned about salicyl-
ate metabolism. After ingestion, aspirin is rapidly hydrolyzed and
metabolized into a spectrum of related compounds. These compounds
are shown in Appendix 3. The clinical effects of aspirin can largely
be attributed to the salicylate anion liberated in the body, by hy-
drolysis (107). The use of sodium salicylate, rather than acetyl-
salicylic acid, can provide the salicylate anion and by-pass the
acetyl hydrolysis (Reaction No. 1, in Appendix 3). Therefore, in
this study, sodium salicylate will be administered and the amount
absorbed by the animal will be measured as the concentration of total
salicylates in whole blood.

Several authors have attempted to define the relation between
aspirin dosage, blood levels of salicylates, and the associated hear—
ing losses in man (22, 33, 61, 68,.69, 96) . These relationships are

not tightly coupled but as the blood levels increase above about 20



mg %2, héaring losses of 30 dB or more have been measured (61, 68).
Thus, rheumatoid arthritis patients taking aspirin, who often have
blood levels in the range of 20 to 35 mg %, may be expected to have
hearing losses of 30 dB or greater. A point may be reached, however,
at about 40 mg %, where higher blood levels do not further increase
the hearing loss (69). Nevertheless, hearing losses as great as 60
dB have been reported during severe salicylate toxicity (72,96).
Fortunately, the hearing loss from salicylate is reversible, usually
within 24 to 72 hours (61, 69), and even patients who have taken high
doses of aspirin for long periods of time (up to two years), regain
their hearing when they stop taking aspirin (69).

The character of the hearing loss from salicylates is still a
subject of some debate. Myers and Bernstein (69), as well as Waltner
(96), have reported similar threshold shifts at all frequencies,
whereas McCabe and Dey (61) report greater hearing losses at the high
frequencies. Myers and Bernstein as well as McCabe and Dey used sub-
jects with normal hearing before the salicylate ingestion, comparable
audiologic methods, and they both measured salicylate blood levels.
An important difference between these two studies may have been the
level of blood salicylate attained. A detailed comparison cannot be
made, for Myers and Bernstein report actual salicylate blood levels
from only two individuals with normal hearing, whereas McCabe and Dey

reported individual levels for all subjects. If the two subjects

ng % is the number of milligrams in 100 ml, expressed as a per cent.
Therefore, 20 mg % is 20 mg. in 100 ml. of blood.
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reportedbyMyers and Bernstein are representati;e of the blood levels
achieved, these subjects did have higher blood levels (40 and 48 mg
%) than the subjects in the McCabe and Dey study (a range of 22 to 35
mg 7Z for five subjects).

Studies utilizing non-human subjects have also reported hearing
losses from salicylates, Myers and Bernstein (69) studied the
squirrel monkey using a conditioned avoidance technique and reported
an average loss of 26 dB from a single large dose of sodium salicyl-
ate. Their doses of 500 to 600 mg/kg, given subcutaneously, produced
an average blood level of 36 mg Z (more than 24 hours after inject-
ion). The threshold shifts reported were the same at all frequencies
tested, 250 Hz to 8000 Hz, and thus are similar to the data reported
by these authors for humans.

Wilpizeski and Tanaka (105) also used a conditioned avoidance
procedure on a single cat and found hearing losses of 15 to 30 dB
after an intraperitoneal injection of sodium salicylate (200 mg/kg).
The hearing losses at various frequencies, that they reported, were
somewhere between those reported by Myers and Bernstein and those
reported by McCabe and Dey. Wilpizeski and Tanaka also found hearing
losses from salicylates in guinea pigs. They reported a shift of
about 10 dB in the threshold of a behavioral response to a noise
stimulus after an injection of sodium salicylate (300 mg/kg, in-
jected intraperitoneally). Dederding (17) also reported hearing

losses from salicylates in guinea pigs using the Preyef pinna reflex3

3Reflex movements of the pinna in response to brief acoustic stimuli.



as a meaéure of hearing.

In addition to the temporary hearing loss from salicylate, it
should be mentioned that three cases of permanent deafness have been
attributed to aspirin (25, 45, 47). These cases stand out as very
unusual and may have resulted from an allergic response or some
other unsuspected agent.

Neither the site nor the mechanism of action of salicylate
induced hearing losses is known. In considering the site of action
on the auditory system it is necessary to distinguish between periph-
eral and central effects. Since the hearing loss is not of the con-
ductive type, the outer and middle ear are not implicated (69). Nu-
merous authors have suggested the inner ear, the cochlea, as the site
of action (22, 26, 38, 63, 83, 96). Myers and Bernstein (69) as well
as McCabe and Dey (61) argue that higher auditory centers are not
implicated as neither word discrimination scores nor thresﬁold adap-

tation measures were significantly affected; however, the logic of
their arguments is notbentirely clear.

Theories on the cause of salicylate induced hearing loss have
been sparce. Falbe-Henson (22) suggested that an increase in the
intraiabyrinthine pressure was responsible for the hearing losses.
The similarity of the salicylate hearing loss with the loss found in
Meniere's disease, which has as a major pathologic feature, eyidenée of

increased pressure, has been cited by Waltner (96) as indirect sup-
porting evidence of the pressure hypothesis. It should be noted that

there are no reports that could be found in the literature of anyone
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measuring increased pressure in the cochlea associated with salicyl-
ates,

Histological changes in the cochlea due to salicylates have been
reported (22, 28, 33, 66). However, the reliability of these changes
is in question. The problem of histological artifacts being reported
as changes due to salicylates or other agents still exists. For
example, Falbe-Henson (22) reported changes in the tectorial and
Reissner's membrane. These changes were present in both drug treated
and control cochleas, and both of these structures are notorious for
being altered during perfuéion and fixation. In general the histo-
logical changes reported in the early literature have not been repli-
cated. In a recent study, in which both light and elec;ron micros-
copy were used, no changes were found (69). Further the authors of
this study question the expectation of finding morphological changes
from a drug producing such a temporary loss of hearing. More recent-
ly Hawkins (38, 39) has reported occlusion of the spiral vessels
within the cochlea from salicylate.

In spite of suggestions by many authors that the site of action
of salicylates is intracochlear, in only three studies has the effect
of salicylates upon electrophysiological measures of cochlear func-
tion been studied. Furthermore, the findings of these reports do not

agree.

Electrophysiological Studies

Electrophysiological measures of the auditory system have been

used in attempts to locate the site of action of salicylate (25, 63,
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83, 105). Changes in both the alternating current cochlear potential4

and evoked neural potentials have been reported in these studies.

The A. C. Cochlear Potential

There are at least four electrical potentials which can be re-
corded from the cochlea. Three of these potentials are direct
current potentials and one is an alternating current poténtial. The
source and function of these potentials are still a matter of some
debate (90, 99).

The alternating current cochlear potential is most commonly
recorded from an electrode placed on the rbund window membrane of the
cochlea. This potential originates within the cochlea and is thought
by some to be a generator potential produced by the hair cells (99).
The outstanding characteristic of the alternating current potential
is its reproduction of the frequency and intensity of acoustic
stimuli, The range of frequency fidelity extends throughout the hear-
ing range of all animals which have been studied. And within this
range, the alternating current cochlear potential has no detectable
threshold and over a large intensity range has a linear relation to
the sound pressure of the acoustic stimulus. It can be measured from
a level of physiological noise up to the physiological limits of the
tissues of the cochlea. The linear relationship between sound pres-

sure and the cochlear potential amplitude has been measured to be as

4The alternating current cochlear potential is also called the
cochlear microphonic. It will hereafter be called the a. c. cochlear
potential or simply the cochlear potential.



over a r;hge as large as 75 dB (99).

Thus the use of the a. c. cochlear potential as a measure of
cochlear fumction is based on its intensity and frequency fidelity as
well as its possible role as the generator potential which initiates

activity in the cochlear nerve (99).

The Effects of Salicylate on the Cochlear Potential

Silverstein, Bernstein and Davies (83) recorded the cochlear
potential from the bone near the round window of the cat. They found
an average decrease of 407 in the cochlear potential after 350 mg/kg
of sodium salicylate was injected intraperitoneally. McPherson (63)
likewise reported a similar decrease in the cochlear potential of the
guinea pig after administration of 300 mg/kg of choline salicylate,
via orogastric tube. On the other hand, Wilpizeski and Tanaka (105)
found no significant impairment in the ability of guinea pigs to gen-
erate the cochlear potential after they were given 300 mg/kg of

sodium salicylate intraperitoneally.

The Auditory Evoked Neural Potential, or Ny

One may also record the activity of the cochlear nerve from a
round window electrode. An evoked potential‘or N; measured from this
vantage point represents electrical activity generated by nerve
fibers in the cochlea. N; is thought to contain the summed activity
from the unmyelinated dendritic endings, myelinated dendritic fibers,
nerve cell bodies ana myelinated axonal fibers. N, represents the

number of nerve fibers activated as well as the synchrony of their
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activitf.

As a measure of peripheral auditory function, Nl has several
limitations. The amplitude of N; depends upon the rise~time of the
auditory stimulus as well as its frequency and intensity (18, 80, 90).
The intensity range over which,Nl can be recorded from the round win-
dow is limited due to interference from the a. c. cochle%r potential.
This interference arises primarily from the steep growth function of
the cochlear potential intensity function. Although there are some
specialized recording techniques which will allow Nl to be recorded
over a larger intensity range, because of severe procedural limita-
tion, such methods have very restricted applicability (97).

The frequency limitations of N, are apparently due to the mechan-
ics of the cochlea. TFrequencies below 1 kHz produce bursts of nerve
activity on every cycle of the stimulus. This is called nerve
'following'. This 'following' produces a wave form of a similar
frequency as the cochlear potential, and Nj cannot be reliably differ-
entiated from the cochlear potential at frequencies below about 1 kHz.

The nerve activity depends upon the standing wave patterns within
the cochlea. The amplitude of Ny depends largely upon the degree of
synchrony of the nervous activity within the cochlea. As the fre-
quency of a sound is lowered the standing wave pattern apparently
spreads out on the basilar membrane. When the wave pattern spreads
out spatially on the basilar membr;ne, it also spreads out in time.
Thus, the neural activity is less synchronous and hence of smaller

amplitude. The processes of nerve 'following' and the concurrent
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reduction in Nj amplitude from this spreading out prevent the record-

ing of Ny at low frequencies (18, 90).

The Effects of Salicylate on the Auditory Evoked Neural Potentials

Four studies have reported a reduction in the auditory evoked
neural potential (N;) due to salicylates. Although the findings are
in agreement, the studies are difficult to compare due to their lack
of sound calibration, the use of clicks as stimuli and the manner in
which they report their datg. Gold and Wilpizeski (26) recorded from -
the cochlear nucleus region of cats and guinea pigs and found shifts
of 10 to 12 dB, in the threshold of the evoked potential following a
single intraperitoneal injection of 300 mg/kg of sodium salicylate.
Wilpizeski and Tanaka (105) also recorded from the cochlear nucleus
region in cats and guinea pigs and found a similar shift. Silverstein
et al. (83) report a decrement in the evoked neural potential, re-
corded from bone near the round window, with an average decrease of
71% (N=5, cats). Likewise McPherson (63) found a 50 to 70% decrease
in the neural potential evoked with clicks and recorded from the
round window of guinea pigs.

By way of summary, it has been found that salicylates produce a
temporary hearing loss, and the cochlea is implicated as a site of
action., However, there are no striking morphological changes within
the cochlea. Electrophysiological studies leave some doubt as to
whether the cochlear potential is affected by salicylates, however,
there is little doubt tﬁat the cochlear nerve potential is depressed.
A purpose of the present experiment was to resolve the conflict regard-

ing the effects of salicylate on the cochlear potential.
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Additional Considerations Regarding the Salicylate Effect

Preliminary evidence, obtained in this laboratory, suggested
that the effects of sodium salicylate were to increase the cochlear
potential as well as decrease N;. The effect of brainstem activation
of the auditory neural efferent fibers is to increase the cochlear‘
potential slightly as well as decrease the amplitude of Ny (19, 20,
23, 24), The similarity between these effects suggested that efferent
activation might be responsible for the sodium salicylate effect.
The brainstem activation of the efferent system by salicylates was
considered to be a reasonable possibility as salicylates are known
to stimulate other brainstem nuclei (107). Thus the hypothesis,
that the salicylate effect was due to activation of the efferent
system, was made.

Another feature of the salicylate effect, noticed during pre-
liminary studies, was its slow onset. The literature on the absorp-
tion and distribution of the salicylate anion has shown that it is
dependent on the pH and the protein content of various body fluids
(27, 50, 53, 56), These data suggest that the salicylate anion
would enter the fluids of the cochlea slowly due to the low protein
content of these fluids im comparison with plasma. Thus the hypo-
thesis, that the slow onset of the salicylate effect is due to
the s¥ow accumulation of salicylate in the fluids of the cochlea,

was made,
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The Effécts of Intense Sound on the Auditory System

A large body of literature has built up which describes hearing
losses resulting from exposure to high intensity sounds (13, 14, 15,
54, 58, 60). The following conclusions about hearing losses from
intense sound are generally accepted. 1. Stimulation with pure tones
Or narrow bands of noise produces a maximum threshold shift about half
an octaye to an octave above the stimulating frequency5. 2. There
are no appreciable threshold shifts below the stimulating frequency.
3. These threshold shifts may be temporary and/or permanent depending
on the exposure intensity and duration.

In addition to measuring behavioral threshold shifts, histo-
logical, cytological and electrophysiological changes have also been
studied. The morphological and electrophysiological methods have
focused primarily on the intracochlear effects of intense sound.

Histological and cytological changes in the cochlea from intense
sound may be temporary or permanent (3, 4, 7, 31, 38, 39, 43, 55, 84,
88). The histological and cytological damage is thought to begin with
hair cells and supporting cells and then involve.the nerve endings.
For example, Beagley (3, 4) reported considerable damage to hair cells
and a considerable loss of the a. c. cochlear potential with no appar-
ent damage to nerve fibers. Hawkins (38) has reported occlusion of
the spiral vessels in the cochlea after noise exposure. He suggests

that damage to the cochlea is in part a result of anoxia produced by

SAn octave is the eighth full tone above a given tone, having twice
as many vibrations per second.



14

such occiusion.

Since the discovery of the cochlear potential by Wever and Bray
(100) in l95b, attempts have been made to correlate changes in the
a. c. cochlear potential with observed hearing losses (41, 42, 48,
57, 85, 101, 104). These attempts, as well as more recent efforts,
have not found a good correlation (2, 3, 15, 21, 51, 73, 74, 75, 89,
95, 103).

Although a close correlation between changes in the cochlear
potential and hearing losses has not been found, very intense stimu-
lation does produce marked decrements in the cochlear potential.
These cochlear potential losses usually extend across a broad range
of frequencies, even though the stimulation may have been a pure tone
at only one frequency. Often the cochlear potential suffered a loss
at all the frequencies that were measured. These findings stand in
contrast to the hearing losses which afe maximum at one half to one
octave above the exposure frequency.

It might be argued that Peterson's study (73) was an exception
to this, in that he found maximum losses at specific frequencies.
However, these specific frequency losses were found only when the
overstimulation frequencies were very high, 10,000 to 40,000 Hz.
Furthermore, overstimulation at 10k, 15k and 20 kHz produced maximum
losses at 25 kHz in each case. In addition, when the overstimulation
was at 30k and 40 kHz, the maximum loss in the cochlear potential was
at the exposure frequency itself. In short, although Peterson found

maximum losses at particular frequencies there was no consistent
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relationship between the overstimulation frequehcy and the point of
maximum loss.

Another frequently used electrophysiological measure of auditory
function has been the auditory evoked neural potential (Nl). A number
of studies have reported decrements in the amplitude of Ny, as well
as in the activity of single neurons in the cochlear nerve, from
intense stimulation (18, 40, 49, 59, 71, 78, 81, 87, 101, 108). How-
ever, no information about the frequency pattern of these decrements
has been described,

One reason there has been a lack of information about any pattern
of loss across frequencies was that, for technical reasons, clicks
have been used to evoke N;. Unfortunately, clicks contain a variety
of unspecified frequencies and thus are not useful for providing
differential frequency information. One purpose of the present study
was to provide such information.

Hawkins and Kniazuk (40) as well as Rosenblith, Galambos and
Hirsh (79) reported that at some stimulation intensities there was
~ a reduction in Ny without a corresponding change in the cochlear
potential. This suggests that intense stimulation has its first
effect, as measured electrophysiologically, on the nerve fibers.

This suggestion is in contrast to the cytological findings that re-
port the hair cell as the first structure assaulted (3, 4). There-
fore, careful verification and quantification of these electro-
physiological findings is important. This was another'purpose of the

present study,
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By.way of summary, it has been found that.intense sound produces
temporary and/or permanent hearing losses and the cochlea is a site
of this action, When very intense sound stimulation is used, striking
morphological and electrophysiological changes are found. These
changes may also be permanent and/or temporary, reflecting the

'

audiological findings. Although the histological evidence, by and
|

large, suggests that the hair cells of the cochlea are the first
strﬁctures damaged by intense sound, electrophysiological‘studies
have suggested that the cochlear nerve may be the first structure
affected. Thus, in this study intensities of sound which would depress
N; without affecting the cochlear potential were of interest.

Evidence from electrophysiological studies has been presented
which suggests that both salicylates and intense sound have an
intracochlear site of action. A question of some clinieal relevance
is whether salicylates will protect the cochlea from the effects of
intense sound, McCabe and Dey (61) report limited data which suggest
that salicylate may exert a protective effect. Interactions between
agents which damage the ear have been the subject of some research
efforts (12, 16, 46, 61). These studies will be discussed later. A
study of the interaction between salicylates and intense sound was
another purpose of the present study.

Hypotheses of- the Present Investigation

The experiments conducted in this study were designed to test
five hypotheses. They are as follows;
1. The effect of sodium salicylate on the electrical activity

of the cochlea is to produce a temporary reduction in the amplitude
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of the evoked potential of the cochlear nerve (Nl) while leaving
the a. c. cochlear potential unchanged. This hypothesis was tested
in experimefit 1.

2. The effect of sodium salicylate is due to an activation of
the auditory neural efferent system. This hypothesis was tested in

experiment 2.

3, The slow onset of the salicylate effect is due to the slow
accumulation of salicylate in the fluids of the cochlea. This
hypothesis was also tested in experiment 2,

4, There are certain intensities of sound which will temporarily
depress Nj while leaving the a. c. cochlear potential unchanged.

This hypothesis was tested in experiment 3.

5. The effects of sodium Ssalicylate and intense sound will

interact and produce a greater temporary Nl depression than either

agent alone. Experiment 4 tested this hypothesis.
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BASIC METHODS
In the series of experiments to be presented, there are certain
methods used in more than one experiment. These methods will be

presented before specific methods for each experiment are described.

Methods: Animal Preparation

1

A total of one hundred and seventeen guinea pigs weiéhing 280
to 850 grams (Heterogeneous Stock T strain) were used in the present
investigation. Three different types of measurements were made: (1)
the a. c. cochlear potential; (2) the evoked potential of the cochlear
nerve (Nj); and, (3) the concentration of salicylate in the blood.

The guinea pigs were prepared for electrophysiological measure~
ments as follows: the animals were anesthetized with allobarbital
(60 mg/kg) and urethan (240 mg/kg) administered intraperitoneally.

An endotracheal tube was inserted and the animals were attached to an
artificial respirator. The respiration level and rate were adjusted

80 as to prevent any spontaneous middle ear muscle contractions (64).
Body temperature, monitored by a rectal probe, was maintained between
36° and 390 C; 38.5° C. being normal. Care was taken not to overheat
the animals.

Once the animal was:.anesthetized.and respirated, one pinna was.rfemoved,
usually the left, and the bulla of that ear was exposed by a postauric-
ular incision. The bulla was then ‘opened so as to allow visualization
of the round window membrane. A silver ball electrode (about .006
inch in diameter) was placed upon the round window membrane. The

electrode placement was maintained by attaching it to the bulla with
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cold cure dental acrylic. The bulla remained open so that the
electrode placement could be periodically checked. This opening also
provided a route by which fluid accumulations could be removed when
necessary. The guinea pig is notoriocus for its ability to generate
fluids in the middle ear which in turn may "load'" the ossicular chain.
Care must be taken not to confuse this loading effect with that of a
reduced cochlear output.

Sound stimuli from either speaker, mentioned below, were
delivered to the animal through a sound cannula sealed into the ex-
ternal auditory meatus. The sound cannula was made in two parts (94)
in such a manner that the tympanic membrane could be visualized while
one part of the cannula was inserted and sealed into the external
auditory meatus, thus assuring an unobstructed sound path to the
tympanic membrane. Once this part of the cannula was in place the
second part of the cannula, which was attached to the sound tube, was
connected with a slip-fit connection. This procedure offered the
advantages of protecting the ear drum while placing the sound tube, of
preventing dead-ending or blocking the cannula against the meatal wall
and of allowing periodic inspection of the drum-during experimentation.

The side wall of the sound cannula contained a hole which allowed
the insertion of a probe tube. The probe tube and its Bruel & Kjaer
(B & K) condenser microphone were calibrated so that the sound inten~
sity could be measured at the end of the sound cannula, within 5 mm
of the tympanic membrane. The probe tube calibration was conducted

according to the procedure presented by Vernon, Katz and Meikle (94).
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Methods: Recording the A. C. Cochlear Potential

The sound stimulus utilized to produce the a. c¢. cochlear poten-
tial (102) was a continuous tone generated by a Western Electric 555
speaker located outside the sound shielded chamber. The equipment
used to produce the continuous tones, the stimulus, is shown in
Figure 1. A Bakelite tube ran from the speaker through ﬁhe chamber
walls to the animal, as shown in Figures 1 and 2.

The sound pressure level was measured using a 1 mm., diameter
calibrated probe tube inserted through the sound cannula. The
measurements of the sound pressure level utilizing this probe tube
are verygood. The Bruel & Kjaer condenser microphones, used with the
probe tube, have an accuracy of + 0.48 dB. Although the accuracy of
specifying the sound pressure level at the ear drum is not anywhere
near this great the reliability of repeated measurements of the sound
pressure within 5 mm of the ear drum is  good. By sealing the sound
cannula into the external ear canal and specifying the frequency with-
in + 1 Hz, the reliability of repeated measurements of the sound in-
tensity is: within + 1 dB.

The a. c¢. cochlear potential was measured using the equipment
shown in Figure 2. The a. c. cochlear potential was amplified 1000 X
by a Keithley Model 103 differential amplifier. The active electrode
was on the round window membrane, the second active was attached to
damp skin at the incision site, and the ground electrode was inserted
into the ipsilateral hind foot. The animal preparatioﬁ and the

Keithley bioamplifier were maintained within a double walled sound



Figure 1. A diagram of the equipment used to generate a contin-
7

uous tone for producing the a. c. cochlear potential. FS = coherent
decade frequency synthesizer, General Radio, Type 1162-A. WA = wave
analyzer, General Radio, Type 1900-9001. IT = interval timer, Grason-
Stadler, Model 471-1. ES = electronic switch, Grason-Stadler, Model
829-E, CT = counter timer, Monsanto Model 103-A. V = voltmeter,
Simpson Model 49. Att = decade attenuator, up to 110 dB each, General
Radio Type 1450-TA. PA = power amplifier, McIntosh Model 240. TE Att =
tail-end attenuator, custom made with specifications to handle 100
watts continuous input, Settings of 0, 20, 40, or 60 dB available.
BE = battery eliminator, Heathkit Model IP-12. Provides 7 V DC polar-
izing voltage for the speaker. S = speaker, Western Electric, Model
555. lF—--An additional chassis ground. This is not always present but
often needed.
7

The frequency synthesizer served as a signal generator (accuracy
+ 0.1 Hz, precision + 1 Hz). _Its output was fed into the oscillator
input of the wave analyzer. The signal emerged from the tracking
generator output of the wave analyzer and it was introduced into the
signal input of the interval timer and the 'A' input of the electromic
switch, which was in the continuous on position. The signal then went
from the output of the electronic switch to the decade attenuators (220
dB). These attenuators were used to control the intensity of the
signal. The output of these decade attenuators was fed into the power
amplifier. The output of the power amplifier was attenuated again by

the tail-end attenuator to remove amplifier noise and was then routed
to the speaker.
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Figure 2. A diagram of the apparatus used to record the cochlear
potential. The cochlear potential was read directly, as rms voltage,
from the wave analyzer voltmeter.6 BA = differential biological
amplifier, Keithley Instruments, Model 103. TFilter settings of 10 Hz
and 100 kHz with a gain of 1000X were used. PS = power supply, Keithley
" Instruments, Model 1031. WA = wave analyzer, General Radio, Tyge 1900-
9001. The 3 Hz bandwidth was used during recording. Filters at this
bandwidth were such that signals + 15 Hz were down 60 dB, SPEAKER =
Western Electric 555 speaker. t}——-An additional chasis ground. This

was not always present but often needed,

6

Calibration of the biological amplifier and the wave analyzer were
done at least weekly by a standard procedure. The amplification of
the biocamplifier was not found to vary more than 10% from one calibra-
tion to the next. The accuracy of this calibration procedure was
dependent upon the reliability (estimated to be + 2%) of a signal
read on a calibrated oscilloscope. The accuracy of this calibrated
oscilloscope was in turn dependent upon the accuracy of the calibration
procedure. This accuracy was stated by the manufacturer to be 3%.

The calibration of the wave analyzer was also performed approximate-
ly weekly and the variation from one calibration to the next was less
than + 1 Hz variation in frequency and less than 1 dB variation in
amplitude. The accuracy of this calibration procedure is thought to
be very good. The manufacturer reports accuracy of + 2 to 5 Hz for
frequency and the amplitude accuracy is + 3% of the indicated value
plus 27 of the full scale used.

Actual checks on the precision of the 1 uV cochlear potential at
1000 Hz were made with every animal. The average deviation of two
observations made within 10 minutes was 0.87 dB.
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shielded chamber as shown in Figure 2.

The a.c. cochlear potential was measured using the equipment
shown in Figure 2 and the cochlear potential was read directly
from the wave analyzer voltmeter. Both the 1 uV frequency function
and intensity function were recorded in this way. The 1 uV fre-
quency function was determined by measuring intensity of sound
necessary to generate one microvolt of the a.c. cochlear potential
at various specific frequencies. Figure 3 shows an example of a
1 pV cochlear potential frequency function. Fourteen different
frequencies between 100 Hz and 20,000 Hz were utilized, where
each frequency was + 1 Hz of the specified value. In addition,
at a few specific frequencies an intensity function was determined
by increasing the sound intensity, stepwise, and measuring the
growth of the cochlear potential. An example of an intensity

function is shown in Figure 4.

Methods: Recording the Evoked Neural Potential (N7)

The evoked potential of the cochlear nerve (18, 80, 90) was
measured using tone pulses. A different speaker than that used for
the a.c. cochlear potential was used to produce the tone pulses.

The speaker and other equipment used to produce the tone pulses is
shown in Figure 5. Each tone pulse was 8 milliseconds in duration
with a 1 msec. rise and decay time.

The equipment shown in Figure 6 was used to record the
average evoked potential of the cochlear nerve (Nj). Each value for

N; was an average from 32 stimulus presentations with 310 wmsec.

s



Figure 3. An example of a 1 pV a. c. cochlear potential from
guinea pig #312-A. The amount of sound at each frequency required
to produce 1 pV of cochlear potential is shown on the ordinate. For
example, a level of 22 dB SPL was needed at 700 Hz, whereas at 100 Hz
49 dB SPL was required.

Actual checks on the precision of the 1 pV cochlear potential
at 1000 Hz were made with every animal. The average deviation (N = 78)

of two observations made within 10 minutes was 0.87 dB.
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Figure 4. A typical a., c. cochlear potential intensity
function at 3kHz from guinea pig # 375-A. The linear portion of
this function covers a considerable range. The maximum (MAX) as
well as points 5 dB and 30 dB below this maximum are indicated and
are discussed later in the text. Note; MAX - 30 is at 90 dB SPL

and MAX - 5 is at 115 dB SPL.
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Figure 5. A diagram of the equipment used to generate the tone

pulses for evoking N FS = frequency synthetizer, coherent decade,

1
General Radio, Type 1162-A. WA = wave analyzer, General Radio,' Type
1900-9001. 1IT = interval timer, Grason-Stadler, Model 471-1. ¥G =
pulse generator, Tektronix, Type 161. WG = waveform generator, Tek-
tronix, Type 160A. ES = electronic switch, Grason-Stadler, Model
829-E. CT = counter timer, Monsanto Model 103-A. V = voltmeter,
Simpson Model 49. Att = decade attenuator, up to 110 dB each, General
Radio Type 1450—IA. PA = power amplifier, McIntosh Model 240. TE Att
= tail-end attenuator, custom made with specifications to handle 100
watts continuous input. Settings of 0, 20, 40, or 60 dB available.
MPS = microphone power supply, Bruel & Kjaer, Type 2801. '"S" = 1/2
inch B & K condenser icrophone. IOWA = 10 watt amplifier, Krohn-Hite,
Model DC A-104. BS = speaker, described by Beavers, Palin & Simmons (5).
The configuration IOWA-BS was used as described on page 50, while the
configuration MPS-""S" shown above was used as described on page 43.
8

The signal generation and route was exactly the same as described
in Figure 3. However, the signal was not a continuous tone but rather
a tone pulse. The occurrence of a tone pulse was controlled by the
output of the waveform and pulse generators. Their output triggered
the interval timer, electronic switch, oscilloscope and Biomac (see

Figure 6). The electronic switch determined the rise-decay and dura-
tion of the tone pulses.
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Figure 6. The apparatus employed to record ng. 0SC = oscil-
loscope, Tektronix, Type 564 B storage oscilloscope with plug in unit
Type 349, amplifier, filters set on 0.1 Hz and 0.1 MHz, EBIOMAC =
BIOMAC 1000, Data labs., London. Sweep time usually 10 msec. VAR=
variance unit, Type 1005, Data Labs., London. BA = biological amplif-
ier, Keithley Instruments, Model 103. Filter settings of 10 Hz and
100 kHz, PS = power supply, Keithley Instruments, Model 1031.

'MPS - 'S'" = microphone power supply, Bruel & Kjaer, Type 2801 and
1/2 inch B & K condenser microphone. IOWA - BS = 10 watt amplifier,
Krohn-Hite, Model DC A-104, with speaker described by Beavers et al.
(5). The MPS~'S' and IOWA - BS were used in different experiments

as described in the Methods section.

9
The biocamplifier (BA) was calibrated in the usual way. The oscillo-

scope was calibrated using the internal calibrator. The manufacturer's
reported accuracy is 1-1/2 %. However, the oscilloscope face could
only be reliably read to within about 2.5%.

Once the oscilloscope was calibrated a signal out of the oscilloscope
was used to calibrate the signal averager (BIOMAC). The BIOMAC 1000
was within 5% from one calibration to the next.
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between éhem (See Appendix 4 for a justification of the number of
sweeps per average and the stimulus repetition rate). The onset of
the tone pulses was random with respect to phase in order to cancel
the cochlear potential from the Nl average. The N; response was

averaged with the BIOMAC 1000. A peak-to-peak (p-p) measure of Nl

amplitude (97) was read from the BIOMAC visual display after center-
ing it on a grid (See Appendix 4).

An intensity function of N, was determined at each of the freq-

1

uencies of concern. In general, the intensity functions were simply

the growth of N, magnitude with increasing signal intensity and ran

1

from about 20 pV to 150 pV. Examples of N, intensity functions are

1
shown in Figure 7. Changes in the intensity function were measured
in dB on the horizontal axis and will be discussed in more detail later.

As with the cochlear potential, electrical radiation artifacts were

eliminated.

Methods:; Determining Blood Concentrations of Salicylates

All injections of sodium salicylate or placebo were single sub-
cutaneous injections given on the animal's back. Three different
dosages of sodium salicylate were used: 286 mg/kg, 500 mg/kg and
545 mg/kg (See Appendix 3). The animals given a placebo were
injected with isotonic saline in an equivalent volume (5 ml/kg).

Blood samples were usually taken from a jugular vein catheter
at specific intervals after the injection of sodium salicylate or

isotonic saline. Each sample was 0.2 milliliter (ml) in volume



Figure 7. Intensity functions of Nl elicited by a 5919 Hz tone
pulse from guinea pig #312-A.

Curves 'a' and 'b’ The means of the peak-—to-peak amplitudes are
I

1
shown from two recording times 2-1/2 hours apart. Curve 'a' was

recorded at 11:40 am and curve 'b' was recorded at 2:10 pm. Repeated
Nl amplitudes, in the range of 30 to 70 pV, measured within a half

hour had an average deviation (N = 40) of 13 %.

'e¢' These data were recorded at 5:49 pm and show a shift

Curve
in Ny due to salicylate. The change in the amount of sound, i. e. the
dB distance on the horizontal axis, necessary to produce 50 nuV of Ny

is used as a measure of the change in the intensity function. This

will be discussed further in the Results section.
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and was analyzed for total salicylates in whole blood by Trinder's
method (92).

The metheod of Trinder is a colorimetric method based on a
reagent containing ferric nitrate, mercuric chloride and hydro-
chloric acid. This reagent precipitates red blood cells, platelets

and proteins in the blood and reacts with salicylates to give a

purple color. The method is reported to have low blank values
for whole blood (equivalent to 1.2 - 1.8 mg%Z) and good recovery
of salicylate (99.4 - 100.5%Z) (92),.

The method was modified for small samples and the following
procedure was used.

1. 0.2 ml of whole blood or an appropriate standard solution
was delivered into a testube with a 1 cc disposable syringe. Three
ml of the color reagent was then pipeted into the test tube.

2. The resulting precipitate of denatured proteins was mashed
against the bottom and sides of the test tube until it was finely
dispersed. Incomplete dispersion of this precipitate was found
to produce low salicylate values and therefore considerable care
was used to insure complete break up of the precipitate.

3. The samples were then centrifuged for 5 minutes at 2450 X g.
in an International Equipment Co. Model HN centrifuge.

4. The supernatant liquid was decanted into the colorimeter
tubes and the percent transmittanceé was read at 540 mu in a
Spectronic 20 Spectrophotometer (Bausch and Lomb).

5. The transmittance was then converted to absorbance using a
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chart. Standard curves of absorbance versus mg% of salicylic

acid were plotted. An example of two standard curves obtained
more than a_year apart are shown in Figure 8. A standard curve
was routinely plotted with each analysis and was visually compared
to previously obtained standard curves. The absolute values of
the standards as well as the slope of the standard curve were not
found to vary appreciably.

6. The transmittance values of blood samples were also converted
to absorbance using the chart values and a comparison with the stan-
dard curve gave a value of the mgZ.

The blank values for guinea pig whole blood were not greater
than 2 mg? when compared with standards prepared with distilled
water. These values compare well with Trinder's blank values
of 1.2 to 1.8 mgZ found with human blood. Neither the anesthetics
used nor sodium heparin raised the blank values.

In general the reliability of the method was good and analyses
of duplicate samples were usually within 2 mg %. The techniques used
for blood collection and storage did not affect the amount of salicy-
late found. This method has the limitation of not reacting with all
the metabolites of sodium salicylate. In particular the ether glu-
curonide does not react to give a color. (See Appendix 3, the ether
glucoronide is shown as the result of Reaction No. 3 in Figure 30.)
Although the exact amounts of this metabolite in the blood of guinea
pigs is not known, the presence of glucoronides in the blood of man

and the rat are reported to be so low as to be insignificant or



Figure 8. Standard curves of absorbance at 540 mp plotted
versus mg 7 salicylic acid.

These curves are typical of those done with each analysis.
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barely detectable (70) due to their rapid removal by the kidney.

Methods: Overstimulation Tones

Pure tones of 3 kHz, 6 kHz and 12 kHz were used for over-
stimulation of the guinea pigs ears. In order to check the purity
of the tone which was used for intense stimulation it was ana-
lyzed with the wave analyzer. While the tone was on continuously, both
harmonic distortion and energy at one-half octave above the fun-
dameﬁtalvnne measured. No appreciable sound pressure was found
one-half octave above the fundamental. In the worst case, at 3 kHz,
the second harmonic was 25 dB below the fundamental. The fre-
quency analysis of the 3 kHz, 6 kHz and 12 kHz overstimulation
tones are shown in Appendix 7.

The a.c. cochlear potential intensity function was used as
a guide to determine an exposure intensity that was "tailor made"
to each animals ear (74, 75). Once the particular frequency,

the maximum
e.g. 3 kHz, was picked for exposure an intensity function,Aat that
frequency, was determined as follows. The intensity function
was measured using short duration tones, about 3 sec, presented in
increasing intensities. Initially the intensity was increased in
5 dB steps and as maximum was approached 2 dB steps were used.
The highest cochlear potential reading in the series was accepted
as the maximum. If two sound pressure levels pfoduced identical
readings of the cochlear potential, the maximum (MAX)»waé cal-
culated as midway between them.

Once maximum was determined the sound exposure intensity



could be-set. 1In this experiment sound exposures were made
5 dB, 30 dB or 55 dB below maximum. These sound exposure in-
tensities are referred to as MAX -5, MAX -30, etc. They are

shown in Figure 4.

SPECIFIC METHODS
The present investigation consisted of four experiments,
each of which had method variations from the Basic Methods.
Each experiment also had different procedures as well. There—
fore, a procedural summary and method variations for each ex-

periment will be described.

Experiment 1 Method: Determining Salicylate Effect

This experiment was divided into two parts: a short term
part (6 hours post injection) and a long term part (5-168 hours).
In both parts the study was conducted and the data initially
analyzed using a single blind procedure.

Short Term Part A summary of the procedure used in this

part was as follows:

1. The guinea pigs were anesthetized, an eﬂdotracheal tube
and an intravenous catheter were inserted. A blood sample was
then taken. The bulla was opened and the electrode placed on the
round window membrane.

2. The 1 uV frequency function of the a.c. cochlear potential
was recorded.

3. The intensity functions of Nj were recorded, at the middle

and high frequencies.
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4. "A single injection of sodium salicylate or saline was
administered subcutaneously.

5. A blood sample was taken half an hour after injection and
then at hourly intervals for six hours.

6. The intensity functions of N, were recorded at hourly
intervals for six hours. The a.c. cochlear potential 1 uV fre-
quency function was recorded 3 and 6 hours after injection.

7. The sound systems were calibrated and the animal was sacrificed
with an overdose of anesthetic.

The surgical preparation and the cochlear potential re-
cordings were the same as described in the Basic Methods. The
evoked neural potential was recorded at middle frequencies (4283-
5900) and high frequencies (10008-11120 Hz). Three groups of
six animals each were used in this experiment. Dosages of 286 mg/kg
and 545 mg/kg of sodium salicylate were given to two groups and
the third served as a control. Uhe:aniﬁalﬁdied?inithet2863mg/k§5
gfoldp-and-two- died 'in'the 545:mg/kg group.

The tone pulses used to evoke N; is experiment 1 were produced
by driving a Bruel & Kjaer one-half inch condenser microphone in
reverse as a ''speaker." This "speaker" produced tone pulses which
contained a minimum of on-set and off-set transients. Unfor-
tunately this speaker was very sensitive to alterations in acous-—
tical impedance and resonance properties of the sound delivery
system. Thus, the frequencies at whicﬁ the tone pulses contained

minimal on-set transients varied from one sound field to the next,
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or from.one animal to the next. In an attempt- to maintain tone pulses
with minimal on-set transients, slightly different frequencies were
used. These variations in frequency were not great, so that the
frequency of the tone pulse signals varied only slightly from one
animal to the next. |

It turned out that the intensity of the tone pulses from this
speaker could not be measured with the calibrated probe éube as
the speaker did not produce sufficient intensities to activate
the probe tube. Therefore, a substitution technique was employed
to measure the tone pulse intensities. This method was merely to
substitute a quarter-inch Bruel & Kjaer (B & K) calibrated micro-
phone at the end of the sound cannula where the animal had been
previously located. The errors inherent in this substitution
method are probably neither much greater nor much different from
those inherent in the probe tube method. (94),

Long Term Part A summary of the procedure used in this part

of experiment 1 was as follows:

1. The guinea pigs were injected with sodium salicylate or
saline subcutaneously.

2. At a specified time, five, eight, tventy-four or 168
hours later, the guinea pigs wefe anesthetized and an endotracheal
tube was placed. The bulla was opened and the electrode placed
on the round window membrane.

3. The 1 pV frequency function of the a.c. cochlear potential
and an intensity function of N; were recorded.

4. The guinea pig was decapitated and a blood sample taken.
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The’ surgical preparation described in the Basic Methods was
modified slightly, in that the electrode was not secured to the
bulla with éental acrylic. Otherwise, this procedure as well as
the method for recording the cochlear potential were the same as
described in the Basic Methods section. N; was evoked using a
10 kHz tone pulse.

This long term part of experiment 1 used eight animals as
controls and fourteen experimental animals which were injected
with sodium salicylate (500 mg/kg). This part was also con-—

ducted and the data initially analyzed in a single blind.procedure.

Experiment 2 Methods: Cochlear Perfusion

Twenty-three guinea pigs were used in this experiment. The
surgical preparation of the animals was similar to that described
in the Basic Methods section except for the following modifi-
cations. The ventral portion of the bulla was exposed first.
This ventrai exposufe required breaking away part of the jaw and
the styloid process. After the cochlea was exposed via this
ventral approach, a postauricular opening was made in the bulla.

When the cochlea was exposed both ventrally and postauri-
cularly, the electrode was placed and secured on the round window
membrane as described in Basic Methods. Then, using the ventral
bulla opening for visualization, a hole (.012 inch) was drilled
into the scala vestibuli in the basal turn of the cochlea. A
pipet filled with synthetic perilymph (as described in Appendix 5)

was then placed into the scala vestibuli using a micromanipulator.
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A fluid—éight seal of the pipet was obtained by'using a liquid
adhesive as a gasket. The pipet, once in place, was secured with
cold cure dental acrylic. Stabilization of the pipet was imperative
to avoid leaks or breaking the embedded tip. The second pipet was
placed in the scala tympani utilizing the post auricular opening in
the bulla., This pipet was also stabilized with dental acrylic. A
diagram of the arrangement of these pipets is shown in Figure 9.

The pipet in the scala vestibuli was attached to a syringe by
a flexible polyethylene tube. The syringe, during perfusion, was
driven at a constant speed by a mechanical infusion/withdrawal
pump. The pipet in the scala tympani served as the exit for the
perfusate.

All perfusions were made at the rate of 0.1 ml/min. for 2
minutes, for a total perfusion volume of 200 ul. Based on measure-
ments in this laboratory the volume of the perilymphatic fluid of the
cochlea is about 2Q ul, therefore a 200 ul perfusion was thought to
be sufficient to completely replace the natural perilymph with the
synthetic perilymph. In this experiment the synthetic perilymph
described by Brummett, Himes and Mitchell (9) was used. The composi-
tion is included in Appendix 5.

The procedure for recording the a. c. cochlear potential and
N, were the same as described in the Basic Methods section. The
recordings were madg at the following times:

1. After postauricular and ventral exposure of the cochlea and

placement of the round window electrode,



Figure 9. A schematic diagram of the cochlea showing
placement of the pipets used in perfusing the perilymphatic
spaces of the cochlea. The cochlea is shown uncoiled in this

diagram.
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2. After placing the first pipet in the scala vestibuli.
3. After placing the second pipet in the scala tympani.

4. After each perfusion of the cochlea.

-

Experiment 3 Methods: Intense Stimulation

A total of thirty-two guinea pigs were used in this experi-
ment, however two died and their data are not reported. This
experiment contained a short and a long term part. The short term
part of the experiment demonstrated the effects of intense sound
and used eight control and twelve experimental animals. The long
term part of the experiment showed that the effect was tempor-
ary and used Pur control and eight experimental animals. The pro-
cedure for each of these parts is outlined below.

Short Term Part

1. The guinea pig was anesthetized and the electrodes placed
as described in the Basic Methods section.

2. The 1 pV cochlear potential was recorded, at fourteen fre-
quencies, over the range from 100 Hz to 24 kHz.

3. Cochlear potential intensity functions were recorded at
the exposure frequency and a half octave above it.

4. Nj was recorded at eight frequencies, over the range from
2 kHz to 24 kHz. An intensity function at each frequency was
recorded that extended over the response range from below 25 uv
to over 100 uv.

5. The ear was exposed to a pure tone at 3 kHz or 6 kHz for
15 minutes or to 12 kHz for 30 minutes, during which time the

cochlear potential was continuously recorded and any middle ear

49
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muscle activity was noted. Very little middle -ear muscle activity,
spontaneous or evoked, was ever seen.

6. Immediately after exposure, the intensity functions of Ny
were again recorded.

7. The 1 pV cochlear potential frequency function was recorded
again, as in 2 above.

8. The cochlear potential intensity functions were recorded
again, as in 3 above.

9. Both of the sound systems, for pulses and continuous tones,
were calibrated using a calibrated probe tube and the animal was
sacrificed.

Detailed methods for the surgical exposure of' the cochlea'were
the same ag’ described 4n’-the Basic-Methods section.

The a.c. cochlear potential was recorded as described in the
Basic Methods section, except that a few different frequencies
were used. The 1 uV frequency function was recorded at the
following frequencies: 100 Hz, 200 Hz, 310 Hz, 500 Hz, 700 Hz, 1 kHz,
2 kHz, 3 kHz, 4242 Hz, 6 kHz, 8484 Hz, 12 kHz, 16968 Hz, and 24 kHz.

‘Tone Pulses were used to evoke N; at eight frequencies 2 kHz,

3 kHz, 4242 Hz, 6 kHz, 8484 Hz, 12 kHz, 16968 Hz, and 24 kHz. A
new speaker, described by Beavers, Palin and Simmons (5) was used to
produce the tone pulsés. This speakerAallowed the production of
pure tone pulses at frequencies ovér the entire range of 2 kHz to

24 kHz with a minimum of onset transients. Since the frequency

characteristics of the tone pulses used in this experiment were of
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extreme importance, they deserve further mention.

The tone pulse frequency characteristics were verified by
two different methods. Trains of tone pulses, 3 msec. apart,
were delivered to the Beavers et al. speaker (5) and the acoustic
output was monitored by using a quarter-inch B & K calibrated
microphene. Visual comparisons of the electrical signal delivered
to the speaker and its acoustic out put, as monitored by the cali-
brated microphone; were made on a storage oscilloscope. Very little
distortion was seen in the acoustic signal, at any frequency,
using this method. However, this visual comparison method will
detect distortion only when it is greater than about 5 Z.
Therefore, the out-put of the calibrated microphone was monitored
on the wave analyzer and the energy present at frequencies between
100 Hz and 40 kHz were measured. The energy present was measured
in 100 Hz steps (50 Hz bandwidth) over the range of 100 Hz to 20 kHz
and in 1000 Hz steps between 20 kHz and 40 kHz. These data are

presented in Appendix 6.

Long Term Part The animals used in the short term part of
this experiment did not show complete recovery Qf N during the
course of the experiment, which was about 5 hours. It was thought
that deterioratioﬁ of the preparation and anesthesia prevented
recovery of Nj. Therefore, in the long term part of this experi-
ment, animals were exposed to the appropriate stimulus and at a spec-
ific time later they were evaluated electrophysiologically. This

procedure is referred to as the long term part of this experiment
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and an outline of the procedure is as follows:

1. The guinea pigs were anesthetized with sodium pento-
barbital (35 mg/kg) and the left ear was exposed to 6 kHz for
15 minutes. Anesthesia eliminated middle ear muscle contractions
and allowed accurate calibration of the intensity of the exposure
tone with the probe tube.

2. The guinea pigs were then allowed to recover 8 or 23 hours
and then they were reanesthetized with allobarbital and urethan,
the electrodes placed, and recordings of the 1 1V cochlear potential
frequency function and N1 intensity functions were made.

3. Both of the sound systems were calibrated with the probe tube
using continuous tones, after which the animal was sacrificed.

The anesthesia and surgical exposure of the cochlea were the
same as described in Basic Methods. An exception to this procedure
was made in this part of the experiment. In these animals the first
anesthesia was accomplished with sodium pentobarbital (35 mg/kg)
injected intraperitoneally. In the long term part it was not possible
to directly measure MAX -5 and MAX -30 before exposure, as the elect-
rodes were not placed until after exposure. Therefore, MAX was calc-
ulated from the measured values in the short term part of this experi-
ment. At 6 kHz, MAX -5 was calculated to be 104 dB SPL and MAX -30

was 79 dB SPL.

Experiment 4 Methods: Interaction

A total of twenty-two guinea pigs were used in this experiment,

however three died. This experiment contained a short term
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part demonstrating the interaction and a long term part showing
that the effect of the interaction was temporary. In each part,
there were three groups of animals. The groups were as follows:
1) Salicylate and Overstimulation. Sodium salicylate (500 mg/kg)
was injected subcutaneously and four hours later the ear was
exposed to a 6 kHz tone at MAX -5 for 15 minutes, 2) Saline

and Overstimulation. Isotonic saline (5 ml/kg) was injected

and four hours post injection the ear was exposed to intense
sound stimulation, 6 kHz at MAX -5 for 15 minutes. 3) Salicylate
and Moderate Stimulation. Sodium salicylate (500 mg/kg) was in-
jected subcutaneously and four hours later the ear was exposed to
moderate stimulation, 6 kHz at MAX -30 for 15 minutes.

Short Term Part The sequence of events in this part was as

follows:

1. The round window electrode was placed in the usual manner
and the 1 uV cochlear potential frequenc& function was recorded.

2. The cochlear potential intensity function was recorded at
6 kHz using 5 and 2 dB steps to locate the maximum.

3. The intensity functions of Nj were recorded.

4. A control blood sample was taken from the jugular vein.

5. An injection of sodium salicylate (500 mg/kg) or saline (5 ml
per kg) was administered subcutaneously.

6. A second blood sample was taken about four hours after the
injection.

7. The 1 pV cochlear potential frequency function was then

recorded again.
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8. .The intersity functions of Nj were again recorded.

9. The ear was exposed to a 6 kHz tone at MAX -5 or MAX -30 for
15 minutes.

10. The intensity functions of Ny and the 1 nV cochlear potential
frequency function was recorded again.

11. A third blood sample was taken immediately after the record-
ings were made.

12. The sound systems were calibrated in the usual manner, and
the animal was sacrificed.

The anesthesia and surgical exposure of the cochlea was the same
as described in the Basic Methods section. In addition a jugular vein
catheter was placed. The recording of the a. c. cochlear potential
and Ny were accomplished as described in the Basic Methods section.
The tone pulses used to evoke Nl were produced by the Beavers et al.
speaker as described in experiment 3.

Long Term Part The procedure for the long term part was as

follows:

1. The guinea pigs were injected with sodium salicylate or
saline.

2. About three and a half hours after injection they were
anesthetized with sodium pentobarbital (38 mg/kg).

3. At four hours after salicylate or saline injection, the left
ear was exposed to 6 kHz at MAX -5 or MAX -30 for 15 min. After
exposure they were returned to their home cage and allowed to recover.

4., TForty-eight hours after injection the animals were
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reanesthétized with allobarbital and urethan, and the electrodes were
placed in the usual manner.
5. The 1 pV cochlear potential frequency function was recorded.
6. The cochlear potential intensity function was recorded at

6 kliz, using 5 and 2 dB steps.

|

7. The intensity functions of N; were recorded.
8. The sound systems were calibrated utilizing the brobe tube.
9. A blood sample was taken and the exposed cochlea‘was perfused
for histological examination.
The methods used in this part were the same as in the short
term part except that calculated values of MAX -5 and MAX ~30 were
used to determine the stimulating intensity as the recording electrodes
were not placed until after exposure. All available MAX values for
6 kHz were used to calculate the values of MAX -5 and MAX -30.
Six MAX values from experiment 3 and eleven MAX values from the
short term part of experiment 4 were used. By this method MAX -5 was

calculated to be 104 dB SPL and MAX -30 was 79 dB SPL at 6 kHZ.
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RESULTS

In this series of experiments changes in the a. c. cochlear
potential and the evoked potential of the cochlear nerve (Nl) were
studied. The background set of conditions, against which these
changes were measured, are shown in Figures 10 through 14. These data
are a summary of the control values obtained in this study.

Figures 10, il and 12 are frequency histograms of the number of
guinea pigs which produced 1 pV of cochlear potential at various
sound intensities. A histogram is shown for each frequency routinely
measured. These Figures include data from all animals which were
used in experiments 1,3 and 4 collected prior to any treatment.

Figures 13 and 14 are frequency histograms of the number of
guinea pigs which produced 50 pV of N; at various sound intensities.
These data were also collected in experiments 1, 3 and 4 before any
treatment. They are thought to represent the initial values one
would expect to obtain from healthy guinea pigs randomly selected
from this inbred strain. Table I is a summary 6f the median and mean

values of the data shown in Figures 10 through 14.

Experiment 1

The effect of sodium salicylate on the cochlea's ability to gener-
ate one microvolt of a.c. cochlear potential at various frequencies
is shown in Figure 15. These data, which are called the 1 pV fre-
quency function, were obtained six hours after a single subcutaneous
dose of sodium salicylate. It can be easily seen that there is no

marked change in this frequency function. In fact, if there is any



Figure 10. Frequency histograms of the number of normal
guinea pigs producing 1pV of a.c. cochlear potential at various
sound intensities. A conversion from dB re: 1 dyne/cm? to dB

SPL (= re: .0002 dyne/cm2) can be made by simply adding 74 dB to

the dB re: 1 dyne/cm2.
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Figure 11. Frequency histograms of the number of normal
guinea pigs producing 1uV of a.c. cochlear potential at wvarious
sound intensities. A conversion from dB re: 1 dyne/cm2 to dB
SPL (= re: .0002 dyne/cm2) can be made by simply adding 74 dB to

the dB re: 1 dyne/cm2.
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Figure 12. Frequency histograms of the number of normal
guinea pigs producing 1pV of a.c. cochlear potential at various
sound intensities. A conversion from dB re: 1 dyne/cm2 to dB
SPL (= re: .0002 dyne/cm?) can be made by simply adding 74 dB to

the dB re: 1 dyne/cm2.
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Figure 13. Frequency histograms of the number of normal
guinea pigs producing 50uV of Nj. at various sound intensities.
A conversion from dB re: 1 dyne/cm? to dB SPL (=re: .0002 dyne/cm2)

can be made by simply adding 74 dB to the dB re: 1 dyne/cm2.
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Figure 14. Frequency histograms of the number of normal
guinea pigs producing 50 uV of N; at various sound intensities.
A conversion from dB re: 1 dyne/cm? to dB SPL (= re: .0002 dyne/cm?2)

can be made by simply adding 74 dB to the dB re: 1 dyne/cm2.



gwo/8ukp | a1 gp qwo/aukp | a1 gp

66

Ob- 02- 0 02 Ob- 02-
_________ T 1___ ___ L
0l
2¢=N - 2¢=N
HY b2 . Y 2l %
=
O - 02- 0 Ob- 02- 3
LI "5
<ol
¢¢€=N Gé=N
24 8969 ’H 02111-8000!

swoiboysiH Kouanbaigy 'N



Table I. A summary of the data contained in the histograms in
Figures 10 through 14. The median, mean and standard deviation of
the histograms at each frequency are shown. A conversion from dB re:
1 dyne/cm? to dB SPL (= re: .0002 dynes/cmz) can be made by adding

74 dB to the dB re; 1 dyne/cmz.
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dB re: 1 dyne/cm?

dB re: 1 dyne/ecm

to produce 1 pV to evoke
cochlear potential 50 uV of Nj
Frequency Standard Standard
(Hz) Median Mean Deviation Median Mean Deviation
100 -29.0 ~-27.0 8.98
200 -38.0 ~36.6 8.53
310 -42.0 -40.1 7.56
500 -48.0 ~46.6 6.47
700 -52.0 -51.3 5.30
1000 -43.0 ~42.0 591
1500 -47.0 -45.9 4.17
2000 -40.0 +37:9 3.93 -14.0 -14.1 8.21
3000 -35.0 -34.7 5.42 -19.0 -=17.6 B.26
4242 -36.5 -36.3 3.98 -24.0 -22.9 8.57
4285-
5919 -27.0 =26.4 6.53
5000 -34.0 -34.5 4.32
6000 -37.5 -36.4 4.86 -25.5 =26.5 7.33
7000 -40.0 -39.0 3.13
8484 -35.0 -35.6 3.42 -28.0 -30.0 B.B7
10k -36.0 -35.6 2.45

10008-

11120 -30.0 -=40.0 6.32
12k -32.5 ~-33.2 4.94 -23.0 =24.7 8.13
14k -27.0 -25.8 6.84

16968 -28.0 =20 3 7.52 . -23.5 -25.3 12.30
20k -30.0 -30.7 4.82
24k ~34.5 -34.6 7.53 -21.0 -19.8 11.30




Figure 15. The 1 pV cochlear potential frequency function for
salicylate (both 286 and 545 mg/kg) and saline injected guinea pigs.
These values were obtained 6 hours after injection in both groups
when the Nl depression was maximal. The slight increase in the
cochlear potential is not thought to be biologically significant.

See Figure 26 for more data relevant to this point. These animals

are also shown in Table II.
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éhange, it is to enhance the 1 pV a, c. cochlear pofential. ~The
enhanbemenﬁ here is not thought to be a significant one and may have
been due to a slightl& higher Body temperature in the salicylate injé
ected group due to the standardized heating procedures.

Changes occurring in thg a. c. coghlear potential and Nl during
a six hour period after a Singlé subcutaneous dose of sodium sali-
cylate are shown in Figures 16 and 17. In addition, the blood con-
centration of salicylate is shown over the same time course. Only
mean data for all three of these parameters are shown. The plot of
the a..c. cochlear potential shows increases or dec;eases in the
amount of sound that was required to pfoduce one microvolt of a. C.
cochlear potential, These daga were obtained at the same frequency
aé that of the tone pulses thag were used to generate Nj. Figufe 16
shows the aata 0btained>at freqﬁencies between 4850 Hz and 4900 Hz
iand is calléd the middle frequency plot. Figure 17 shows the results
for the high frequencies. Changes from initial control values in
the amount of sound required to produce 50 wmlcrovelts of peak-to-
peak zmplitude in Ny are shown for the same time course as is the a.
c. cochlear potential. It was felt that this is justified as repre-
sentative of the change in Ny, because the change in the intensity
function of Nl was approximately the sémﬁ at. 25 pv, 50 QV, 100 pV and
"150 pV (See Figure 7), .
There are some slight changes in the amount of sound required to

-produce Ny and the cochlear potential in" the saline group. However, in



Figure 16. The results from the short term part of Experi?ent 1.
Mean changes in the sound required to produce 1 microvolt of a. c.
cochlear potential and 50 microvolts of Nl during the six hour period
after sodium salicylate (545 mg/kg) or isotonic saline (5 ml/kg) .are shown.
The most noticable effect is that during the six hour time period the
animals which received sodium salicylate required an ever increasing
amount of sound to produce a 50 BV Ny responmse. The variability of
these measures can be estimated from the individual data shown in
Table II. The cochlear potential values at the 2, 4 and 5 hour time
periods are based on interpolated values from recordings made at 1,

3 and 6 hours after injection.
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Figure 17. The results from the short term part of Experiment 1.

Mean changes in the sound required to produce 1 microvolt of a, c.

!
cochlear potential and 50 microvolts of N; during the six hour period

after sodium salicylate (545 mg/kg) or isotonic saline (5 ml/kg) are
shown. The most noticable effect is that during the six hour time
period the animals that received sodium salicylate required an ever
increasing amount of sound to produce a 50 pv N1 response. The
variability of these measures can be estimated from the individual
data shown in Table II.

The cochlear potential values at the 2, 4 and 5 hour time periods
are based on interpolated values from recordings made at 1, 3 and 6

hours after injection.
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no case did the change exceed 9 dB. A slight decrease in the amount
of sound required to produce one microvolt of a.c. cochlear potential
occurred in the salicylate treated animals. The most noticeable
effect is that during the six hour time period the animals which
received the sodium salicylate required an ever increasing amount of
sound to produce a 50 pVv Nl response. This effect was noFiceable

at the middle frequencies as well as the high frequencie;. 1t can
be noted that a one or two hour time lag exists between the accumu-
lation of salicylate in the blood and the observed decrement of Nl'
In order to show the variability of these observations, data from
individual animals are shown in Table II. The effects of the low
dose (286 mg/kg) at six hours after injection is significant beyond
the .05 level (Kolmogorov-Smirnmov test, 8, 62, 82) and the high dose
changes in Nj are significant beyond the .005 level (Kolmogorov-
Smirnov test).

Data from the long term part of this experiment in which the
sodium salicylate or saline was injected subcutaneously and then the
animals were maintained five, eight, twenty four or 168 hours before
being evaluated are shown in Figure 18. The mean data for the saline
injected animals at each time period are represented as the zero
line. Increases in the amount of sound required to produce 50 pV
of N; are shown relative to the zero line. Blood concentrations of
salicylate observed at these time intervals are also shown. It can
be seen that the maximum effect on N, occurs between five and eight

hours, that it has nearly recovered in 24 hours and is within normal



Table II. The data from the short term part of Experiment 1
demonstrating the decrement in N; and no appreciable change in the
a. c. cochlear potential from two different dosages of sodium
salicylate. The electrophysiological data represént changes in the
amount of sound (dB) from initial wvalues which were necessary to
obtain the specified amount of the a. c. cochlear potential* of Nl**.

For example, consider the data for animal 323-A, which at 4285 Hz
showed a slight improvement (0, -1, -2 dB) in the cochlear potential.

On the other hand when the N, measuresbefore injection were compared

1

with those after injection there was a loss (-1, +3, +11).
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Figure 18. Results of the long term part of Experiment 1 demon—
strating recovery from the salicylate effect. The stimulating freq-
uency was 10 kHz for both the cochlear potential and Ny. At each of
the specified times the mean and range of 3 or 4 salicylate injected
animals are compared with the mean of two control animals. Increases
in the amount of sound required to produce 50 uv of Nl are shown rel-
ative to the zero line. A total of 2?2 animals were used in this part
of Experiment 1. One experimental animal is not included in these
data because, no N; responses could be elicited even though the

cochlear potential was normal. TIf this animal had been included’it

would have increased the difference between the control and experimental

groups.
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limits by 168 hours after injection. Only a small change in the
cochlear potential is seen at any time and again this is in the
direction of an augmentation. It can easily be seen that the effect
of a single subcutaneous injection of sodium salicylate on Nj is

reversible.

Experiment 2: Cochlear Perfusion

Initial development of the cochlear perfusion technique used in
this experiment was accomplished by Dr. Robert Brummett (9). In
utilizing this technique the initial goal was to place two pipets,
as shown in Figure 9, and to perfuse the cochlea without affecting
the cochlear potential. Thirteén guinea pigs were used in these
initial attempts. The process of drilling two small holes (0.012
inch in diameter) in the cochlea, placing the pipets, and perfusing
the cochlea with synthetic perilymph without changing the a. c.
cochlear potential more than 6 dB was successful in five of the
thirteen attempts.

In the initial attempts N. was not systematically measured

1

but it was observed to be very easily damaged and if the a. c. coch-

lear potential was reduced equivalent to 10 dB the Nl decrements

were greater than 30 dB. Thus a refinement of the perfusion tech-
nique was needed.
A second goal in utilizing this technique was to obtain perfus-

ions while retaining an acceptable N, response., Therefore data was

1

only accepted from animals which had less than a 20 dB decrement in

N, after pipet placement and one perfusion with synthetic perilymph.

1
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Ten additional guinea pigs were used and five of these met this new
criteria. These cochleas were then perfused with synthetic perilymph
containing sodium salicylate (20 to 40 mgZ) and the cochlear potential
and Nl were again recorded. Following these recordings the cochleas
were perfused again with synthetic perilymph, rinsed, in order to
remove the sodium salicylate. The procedure of making t?ese three
perfusions and the appropriate recordings, shown in Figure 19, took
two to two and a half hours. The most striking feature is that the
second perfusion, containing the salicylate, produced a decrement in
N_ and very little change in the a. c. cochlear potential, and that
this effect was reversed by the third perfusion, a rinse with synthetic
perilymph not containing sodium salicylate.

These concentrations of 20 to 40 mg% of sodium salicylate can be
compared with the perilymph concentrations reported by Silverstein
et al. (83). They reported an average level of 25 mgZ% in the peri-

lymph when the blood levels were reported to be 69 mgi.

Experiment 3: The Effects of Intense Sound

The effects of intense pure tone stimulation upon Nl was evident
only at some frequencies. The depression of Nl’ at a given frequency,
was uniform up to about 100 pV. Therefore, the data shown in Figures
20 through 23 are plots of the change in the sound intensity necessary
to produce 50 pV of N;. In addition the 1 uV a. c. cochlear potential
is also presented. An increase in the amount of sound necessary to

produce 50 pV of N. is interpreted as a loss or decrement in N,.

1

The data in Figure 20 are for individual animals exposed to



Figure 19. The results of Experiment 2 demonstrate a decrease
and then a recovery of Nl from sodium salicylate. The changes in the

50 pv level of Ny and the 1 pV a. c. cochlear potential, from initial

values, are shown for four individual animals. Recordings were made after

the following procedures: 1. After drilling two holes in the cochlea,
placing two pipets and perfusing once with synthetic perilymph. 2.
After the second perfusion, with sodium salicylate added to the peri-
lymph. 3. After the third perfusion with synthetic perilymph alone.

The animals were perfused as follows: # 211-A was perfused with 20 mg%.
# 212-A was perfused with 30 mg%. Animals # 214-A, 467—A and 482-A

were perfused with 40 mgX%.
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Figure 20. The results of stimulation with a 3 kHz tone for 15
minutes (indicated by the arrow). The changes, from preexposure, in
the sound required to produce 1 microvolt of the a. c. cochlear
potential or 50 microvolts of Nl are plotted. These data are for
individual animals, four experimental (MAX -5) and two control (MAX
-30) animals are shown. The experimental animals show a maximum shift

in Nl at half an octave above the exposure frequency.
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Figure 21. The resﬁlts of stimulation with a 6 kHz tone for 15
minutes (indicated by the vertical arrow). The changes, from pre-
exposure, in the sound required to produce 1 microvolt of the a. c.
cochlear potential or 50 microvolts of N, are plotted. These data are
for individual animals, four experimental (MAX -5) and two control

(MAX -30) animals are shown.
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Figure 22. The results of stimulation with a 12 kHz tone for 30
minutes (indicated by the vertical arrow). The changes, from pre-
exposure, in the sound required to produce 1 microvolt of a. ¢. cochlear
potential or 50 microvolts of N; are plotted. These data are for indiv-

idual animals, four experimental (MAX -5) and two control (MAX -55)

animals are shown.
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3 kHz for 15 minutes. Four experimental animals which were stimulated
at MAX -5 and two control animals, stimulated at MAX -30, are shown.
In each of the animals exposed to MAX -5 the pattern of loss in

N; was similar to reported hearing losses. That is, the ﬁaximum

loss in N; was half an octave above 3 kHz, at 4242 Hz, and little or
no loss was found below 3 kHz, at 2 kHz. At the same time, there

was no appreciable change in the amount of sound needed Qo produce

1 pV of a.c. cochlear potential at any frequency. In addition to the
lack of change in the 1 pV level, no change was found in the a.c.
cochlear potential intensity functions recorded at the stimulating
frequency, 3 kHz, and half an octave above it, at 4242 Hz.

The data for individual animals exposed to 6 kHz for 15 min.
are shown in Figure 21. Again, four animals were stimulated at
MAX -5 and two were stimulated at MAX -30. The experimental animals,
stimulated at MAX -5, show a pattern of Ny loss similar to reported
hearing losses while the cochlear potential again showed no appre-
ciable change. This was also true for cochlear potential intensity
functions recorded at 6 kHz and 8484 Hz.

In figure 21 it can be seen that one experimental animal,
exposed at MAX -5, did not show any appreciable loss in N;j. Some
variations between individual animals is to be expected and it can
be seen that the absolute level of MAX -5, that is 96 dB SPL, was
slightly less than the MAX -5 point of the other experimental ani-
mals. Thus, this animal in terms of sound pressure level,was stim-—

ulated at an intensity between the other three experimental animals
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and the control animals. Thus, the lack of an Nl change is not
illogical.

The data for individual animals exposed to 12 kHz for 30
minutes are shown in Figure 22. The four experimental animals were
stimulated at MAX -5 and two controls were stimulated at MAX -55.
Animals which were stimulated at MAX -30 showed a slight loss in
Ny, of 8 dB, at 16,968 Hz so additional controls, stimulated
at MAX -55, were included. Another feature of stimulation at 12
kHz, informally observed, was that stimulation at MAX -5 for 15 min-
utes did not produce an appreciable shift in Nl as it had at 3 kHz
and 6 kHz.

Due to the fact that these anesthetized guinea pigs did not
show complete recovery of N, in the typical acute experiment of 2 to
5 hours, additional groups of guinea pigs were exposed and recordings
were made at selected longer times after exposure. The results of
such an exposure at 6 kHz (15 min. at 104 dB SPL) with recovery of
N, at 8484 Hz is shown in Figure 23. The main feature of the re-

covery is that it occurs within 24 hours.

Experiment 4

By way of summary it can be said that experiments 1 and 3 have
demonstrated that the effects of sodium salicylate and intense sound
are similar. Both agents, under the above conditions, have a major
effect on N; and little or no effect on the a.c. cochlear potential.
Thus, both of these agents have a similar effect and an interaction

between these two agents, if given together, might be expected.



Figure 23. The loss and recovery of N. after intense stimulation

1
with a 6 kHz tone for 15 minutes. The values of N; and the cochlear
potential are shown reiative to controls at 8484 Hz. Thése data are
from three groups of animals. The data points at 0 and 1 hour post-
exposure are from four animals serving as their own controls and were
stimulated at MAX -5. The data points at 9 and 24 hours are from four

animals exposed to 104 dB SPL compared with the mean value from four

animals exposed to 74 dB SPL.
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Experiment 4 was a study of the interaction of sodium salicylate
and intense sound under the conditions of Experiment 1 and 3. In this
short term part of the experiment three groups of guinea pigs were
used. Group 1 - Salicylate and Overstimulation. Sodium salicylate
(500 mg/kg) was injected subcutaneously and four hours after injection
the ear was exﬁosed to a 6 kHz tone at MAX -5 fér 15 minutes. Five
guinea pigs were used in this group. Group 2 - Saline and Overstimul-
ation. An equivalent volume 6f isotonic saline was injected and four
hours after injection'the ear was exposed fo intense stimulation, 6 kHz
at MAX -5 for 15 minutes. Three guinea pigs were used in this group.
Group 3 - Salicylate and Moderate Stimulation. Sodium salicylate (500
mg/kg) was injected subcutaneéusly and then four hours after injection
the ear was exposed to moderate stimulation, 6 kHz at MAX -30 for 15
minutes. Three guinea pigs were used in this group.

The resulting changes in Ny and the a. c. cochlear potential in
each group are(presented in Table III and plotted in Figure 24, No
appreciable change was found in the a. c¢. cochlear potential, in
any group, while large changes were found in Nl. An interaction
between salicylate and intense sound is suggested by the fact

that the greatest losses in N. are seen in the Salicylate and Over-

1
stimulation group.

The losses in Nl due to sodium salicylate and due to intense
sound have each been shown to 5e temporary, see Figures 18 and 23.
These agents have alsoc been shown to inéeract.when they are given

together (see Figure 24). One would be tempted to ask, "If both

agents are given together, is the effect still temporary? Or
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Figure 24. The results of the short term part of Experiment 4.
An interaction between sodium salicylate and intense stimulation (6 kHz
at MAX -5 for 15 min.) is evidenced by the fact that the group of
animals exposed to both agents shows more loss in N1 than the other
groups. The mean and range of changes, from initial recordings,bin the
amount of sound necessary to produce 50 uV of Nl are shown in the
upper graph. Mean changes, from initial recordings, in the amount of

sound. necessary to produce 1 pV of a. c. cochlear potential are shown

in the lower graph.
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does it now become permanent?” The results from the long term part of
Experiment 4 are shown in Figure 25. These data suggest that the losses
in Nl from an interaction of salicylate and intense sound are not
permanent.

A porticn of the data collected in this experiment constituted
a replication and extension of experiment 1. These data are contained
in the short term portion of this experiment. Similarly to Experiment
1, electrophysiological measurements were made before and again four
hours after injection in this experiment. The salicylate dosages were
very similar (500 mg/kg in experiment 4 compared to 545 mg/kg in exper-—
iment 1). Experiment 4 covers a wider frequency range for N1 measure-
ments than was used in experiment 1. The data from this part of
experiment 4 are shown in Figure 26. It is clear from this Figure
that there was no change in the a. c. cochlear potential, while N

1

showed a marked decrement.,



Figure 25. The sound pressure levels at 8484 Hz needed to produce
50 uV of N, at various times after sodium salicylate injection (500 mg/kg)
and exposure to intense sound at 6 kHz. In order to observe an inter—
action it was necessary to wait until the salicylate effect on N; had
developed before the ear was overstimulated. Therefore the ear was
exposed to intense sound four hours after salicylate injectioﬁ. The
primary finding here is that the interaction of these agents, under
the conditions of this experiment, apparently does not produce a

permanent loss in N The values shown in the first six hours post-—

1
injection represent five experimental animals and three control animals.

The values at 49 hours represent four experimental animals and four

control animals.
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Figure 26.

The effects of sodium salicylate on Nl and the

cochlear potential of the guinea pig at various frequencies. These

values were mean
aneous injection
(5 ml/kg). (The

increased by one

and range values obtained four hours after a subcut-
of sodium salicylate (500 mg/kg) or isotonic saline
number of animals in the salicylate group was

with the inclusion of an animal done later, but under

the same conditions). It is clear from these data that there was no

change in the cochlear potentials, while N, showed a marked decrement.
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DISCUSSION

Baseline data for the 1 uV a.c. cochlear potential and the
50 pV level of Nj recorded from the round window membrane of nor-
mal guinea pigs have been presented in Figure 10 through 14. Normative
data such as these have not been reported previously. In reporting
these data it is thought that they may be useful for a variety
of future comparisons.

The results of experiments 1 through 4 are summarized as
follows. The effects of both sodium salicylate and intense sound
stimulation on electrophysiological measures of cochlear function
are similar. That is, both of these agents reduce the ampli-
tude of the auditory evoked neural potential (Nj) while not af-
fecting the a.c. cochlear potential. 1In each case the éffect on
Nj was shown to be temporary. These findings support the hypo-
theses advanced concerning the effects of each of these agents.

Furthermore, an interaction between these égents was hypo-~
thesized and evidence for such an interaction was found. The
interaction was also shown to be temporary.

The question of whether salicylate has an effect on the coch-
leér potential is an important one. Silverstein et al. (83) and
McPherson (63) have reported a decrement while Wilpizeski and
Tanaka (105) as well as the present study found no change and
perhaps a slight increase. There are several factors which may

have produced these contradictory results.



A cénsideration of the magnitude of the décrement in the
cochlear potential is useful in order to clarify the degree of
disparity between these studies. Silverstein et al. reported an
average decrease of 407 in the cochlear potential evoked by a
click. A 40% decrement in terms of dB would be about 5 dB. The
conversion from % to dB is thought to be justified by the fact
that the cochlear potential is linear over a large range (102,99)
and the intensity of the click used by Silverstein et al. {83}
appeared to be within this linear range. McPherson recorded
changes in the 1 uV a.c. cochlear potential in the guinea pig,
at frequencies from 200 Hz to 20,000 Hz, over a 5 hour post-drug
administration period. Table IV is a summary of McPherson's
mean data four hours after drug administration. The average de-
crement in the cochlear potential is 7 dB in his salicylate group
and 1 dB in the control group, or a difference of 6 dB that can be
attributed to the drug, choline salicylate. These findings, as
mentioned above, are in contrast to the lack of change reported
by Wilpizeski and Tanaka as well as the present study. There are
differences between these studies which might explain the dif-
ferent results. These include the following: 1) The animal used.
2) Different anesthetics used. 3) Different salicylates, dosages
and routes of administration used. 4) An interaction between the

salicylate and the anesthetic used.

105

Both Silverstein et al. and McPherson used sodium pentobarbital



Frequency Choline Saline
(Hz) Salicylate Control
(dB change) (dB change)

_ 200 -7 0
400 -8 13
800 -8 -1
1k 247 =3
3k =7 1
4k | -7 -1
6k -9 -1
10k & -2
20k i) 3

Table IV. The present author's summary of McPherson's

(63) data of the change in the 1 pV cochlear potential

four hours after drug or placebo administration.
as an anesthetic. Wilpizeski and Tanaka recorded from awake ani-
mals, while the present study used allobarbital and urethan as
an anesthetic. To evaluate the possibility that the anesthetic
or its interaction with salicylate produced the decrease in the
cochlear potential, a cat was injected with sodium pentobarbital
and sodium salicylate (300 mg/kg). This cat was not respirated
in order to duplicate the method used by Silverstein et al. Re-
cordings were made as usual. A 2 dB to 5 dB decrease was found
in the cochlear potential while N; decreased greater than 20 dB.
This decrease in the cochlear potential was not thought to be

biologically significant and yet it compares favorably with the

. 106
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data reported by Silverstein et al. (83). This suggests the pos-
sibility that sodium pentobarbital or its interaction with sali-
cylate, in freely breathing cats, may have produced the decrease in
the cochlear potential reported by Silverstein et al,

A visit was made to McPherson's laboratory to observe his
procedure. After observing a guinea pig in which a 16 dB decrease
in the cochlear potential was recorded, two hours after a 300 mg/kg
dose of choline sélicylate was given via an orogastric tube, the
present author was allowed to use McPherson's equipment, including
his sodium pentobarbital, respirator and one of his guinea pigs.
An average increase of 4 dB was found in the cochlear potential
two hours after a 545 mg/kg subcutaneous injection of sodium sali-
cylate. Although the route of administration was different, this
was not thought to produce the different results for the following
reasons: because both Silverstein et al. and Wilpizeski and Tanaka
used identical doses and routes of administration and reported
opposite results; and because there are no good reasons to expect
different metabolites from these different routes.

McPherson used an isotonic saline control group to compare
with his experimental animals given choline salicylate. Because
choline itself has pharmacologic actions, it would seem that the
choline salicylate group of animals should be compared with one
in which choline chloride or some other choline derivative was
administered. It is suspected that McPherson's decrement in the

cochlear potential may have been due to the choline portion of the
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molecule, but this is only a speculation.

In the same vein, one possible weakness of the present study
should be mentioned. The isotonic saline control group used in
these experiments did not mimic the sodium load of the high doses
of sodium salicylate that were given. The high dosage of sodium
salicylate (545 mg/kg) could have produced a considerable increase
in the concentration of sodium in the plasma. However, Silverstein
et al. (83) reported no change in the sodium concentration in the
perilymph of the cat after an injection of sodium salicylate. 1In
addition, one would expect an increase in the amplitude of the action
potentials from single nerve fibers when the extracellular concen-
tration of sodium is increased (91). It is suggested that amy future
experiments control not<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>