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sounds ofshort duration.

Excessive acoustic stimulation can lead
to auditory fatigue or a temporary thresh-
old shift (TTS) in hearing. Although the
definition of TTS is straightforward, its
physiological basis appears to be complex,
and several different physiological dis-
orders in the cochlea have been implicated
in TTS (1). These disorders presumably
lead to a depression of the cochlear poten-
tials; for example, during asymptotic TTS,
Benitez et al. (2) reported a reduction in
cochlear microphonic sensitivity that was
24 and 48 db for the second and third turns
of the cochlea, respectively. They were un-
able to elicit the VIII nerve action poten-
tial.

AP

CN

IC

AER

l

0 5 10 15 20

Median threshold shift (db)

Fig. 1. The median threshold shift and inter-
quartile range (horizontal bar) obtained after an
8-minute pure tone exposure at 95 db SPL. The
open circle denotes the VIII nerve action poten-
tial (AP, N = 41); the closed square is the audi-
tory evoked response (AER, N = 30). Thresh-
old shifts in single neurons from the cochlear nu-
cleus (CN, closed circle, N = 51) and inferior
colliculus (IC, open square, N = 12) were
based on the lateral shift in the function relating
discharge rate to intensity.
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Circumstantial evidence also links TTS
to the cochlea. First, the TTS produced by
a pure tone is distributed in a pattern that
resembles the spread of mechanical vibra-
tion along the basilar membrane. Second,
the audiological signs and symptoms asso-
ciated with TTS (3) are consistent with a
hearing loss of cochlear origin. Hence, the
consensus has been that TTS is strictly a
cochlear phenomenon.
A recent study, however, suggests that

central auditory processes are involved
with TTS (4). Our results not only show
that there is a central component to TTS,
but also demonstrate that there is a pro-
gressively larger loss in sensitivity from pe-
ripheral to central auditory sites.

Chinchillas were used as subjects in
three series of experiments. Each animal
was exposed to a standard TTS-producing
tone 8 minutes in duration at 95 db SPL
(sound pressure level relative to 0.0002
dyne/cm2) near the tympanic membrane.
The exposure was at a frequency between
0.4 and 8.0 khz.

In experiment 1, the chinchilla's audi-
tory evoked response (AER) was recorded
from a chronic electrode placed over the
rudimentary tentorium. This potential was
used to estimate the magnitude of TTS re-
sulting from the exposure (5). Pre- and
postexposure AER thresholds were mea-
sured at one of six test frequencies (0.5, 1.0,
2.0, 4.0, 6.0, and 8.0 khz, five animals at
each frequency). The TTS exposure was al-
ways at the test frequency.

In experiment 2, the VIII nerve action
potential and neurons from the cochlear
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nucleus were measured from anesthetized
(sodium pentobarbital) and tracheoto-
mized chinchillas. The action potential vi-
sual detection level was measured with
clicks (6). Microelectrodes were used to
study neurons from the cochlear nucleus.
Only neurons with characteristic fre-
quencies between 0.4 and 8.0 khz were ac-
cepted for study. The pre- and post-
exposure protocol consisted of measuring
spontaneous activity and the tone burst (50
or 100 msec duration) discharge rate as a
function of intensity at characteristic fre-
quency. Poststimulus time histograms
were used to categorize units as Pauser,
Chopper, Primary-like, Flat Primary-like,
and On units (7). Each unit was given the
TTS exposure at its characteristic fre-
quency. Only one TTS exposure was used
per ear.

In experiment 3, single units from the
contralateral inferior colliculus were stud-
ied according to the procedures outlined in
experiment 2.

Figure I summarizes the effects of the
TTS exposure on various auditory poten-
tials during the first 10 minutes post-
exposure. The VIII nerve action potential,
which was measured approximately 7 min-
utes postexposure, has a median threshold
shift of 0 db (N = 41, interquartile range 0
to 2 db). Single unit threshold shifts were
defined from the lateral shift of the func-
tion relating discharge rate to intensity.
Threshold shifts were averaged across
units with different characteristic fre-
quencies, since there did not seem to be
any frequency effect. The units in the coch-
lear nucleus had a median threshold shift
of 6.8 db (N = 51, interquartile range 2.9
to 10.4 db). The units in the inferior collic-
ulus showed a median threshold shift of 13
db (N = 12, interquartile range 9 to 18 db).
It is important to note that all units in the
colliculus exhibited a threshold shift that
was 6 db or greater, whereas a number of
Pauser and Primary-like units in the coch-
lear nucleus failed to show any loss in sen-
sitivity. The lack of a threshold shift in
some cochlear nucleus units implies that
the VIII nerve fibers innervating these cells
were unaffected by the exposure. Finally,
threshold shifts in the AER were nearly
constant across all exposure frequencies,
presumably because the sound pressure
level was equalized at the tympanic mem-
brane for different exposure frequencies
(8). Consequently, the TTS values have
been averaged across frequency. The medi-
an AER threshold shift was 17 db (N = 30,
interquartile range 10 to 20 db). The sound
exposure used here produces a progressive-
ly larger loss in sensitivity from the cochlea
to more central auditory sites.

Figure 2 shows the effects of the ex-
31 OCTOBER 1975
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Fig. 2. The preexposure (closed circles) and
postexposure (open circles) functions relating
discharge rate to intensity for a typical neuron

in the cochlear nucleus (A) and inferior collicu-
lus (B). The unit from the cochlear nucleus
was classified as a Chopper neuron based on its
tone burst poststimulus time histogram. The
neuron from the inferior colliculus was an On
unit.

posure on the function relating discharge
rate to intensity. The intensity functions
from cochlear nucleus units were generally
displaced to the right, but the slope and
maximum discharge rate of the functions
were unaltered (Fig. 2A). The intensity
functions of most units in the inferior col-
liculus were displaced to the right as in Fig.
2B.
The remaining units showed a lateral

shift of the function plus a significant re-

duction in the maximum discharge rate.
The loss in sensitivity is almost certainly a

consequence of the pure tone exposure, be-
cause the units in the cochlear nucleus and
inferior colliculus tended to recover after
the exposure. Thus, each preparation
served as its own control and the immedi-
ate loss in sensitivity following exposure

cannot be attributed to a general physi-
ological deterioration of the animal or cell.
Postexposure spontaneous activity was

also reduced in all of the cochlear nucleus
units except in the On units; their spon-

taneous rates were equal to or greater than
preexposure levels. Similar effects were ob-
served in the inferior colliculus.

In summary, our measurements indicate
that low-level, short-duration sound ex-

posures produce a progressively larger loss
in sensitivity from peripheral to central
auditory sites. These results suggest that

there is a retrocochlear component to
TTS. Results from Benitez et al. (2) and
others imply that TTS is strictly a cochlear
phenomenon. These seemingly opposite
positions can be reconciled if we consider
the auditory system as being organized as
a series of cascaded stages. With low-level,
long-duration exposures (for example,
asymptotic TTS) there can be considerable
fatigue at the first stage (that is, the sen-
sory cell). Thus, the output of the first
stage will be low even though the input sig-
nal (basilar membrane motion) is being
maintained at a high level. A reduced out-
put at the first (or preceding) stage reduces
the possibility of fatigue at the second (or
more central) stage. Thus, with low-level,
long-duration exposures, the loss of sensi-
tivity at the first stage (or cochlea) will
tend to determine the system's overall loss
in sensitivity.
The system will respond differently to a

low-level, short-duration exposure. Such
an exposure will produce a high output at
the first stage, second stage, and so on, be-
cause none of the stages can be completely
fatigued during the exposure. This leads to
a small amount of fatigue at each stage of
the system. The system's overall loss in
sensitivity will therefore depend on the net
loss at each stage; consequently, the mea-
sured loss in sensitivity will increase from
the cochlea to more central auditory sites.
In summary, different TTS exposures are
likely to produce different physiological
changes even though the final behavioral
measure ofTTS is the same.
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