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ABSTRACT

The mammalian cochlea has two types of sensory
cells; inner hair cells, which receive auditory-nerve
afferent innervation, and outer hair cells, innervated
by efferent axons of the medial olivocochlear (MOC)
system. The role of the MOC system in hearing is still
controversial. Recently, by recording cochlear poten-
tials in behaving chinchillas, we suggested that one of
the possible functions of the efferent system is to
reduce cochlear sensitivity during attention to other
sensory modalities (Delano et al. in J Neurosci
27:4146–4153, 2007). However, in spite of these
compelling results, the physiological effects of elec-
trical MOC activation on cochlear potentials have not
been described in detail in chinchillas. The main
objective of the present work was to describe these
efferent effects in the chinchilla, comparing them
with those in other species and in behavioral experi-
ments. We activated the MOC efferent axons in
chinchillas with sectioned middle-ear muscles by
applying current pulses at the fourth-ventricle floor.
Auditory-nerve compound action potentials (CAP)
and cochlear microphonics (CM) were acquired in
response to clicks and tones of several frequencies,
using a round-window electrode. Electrical efferent
stimulation produced CAP amplitude suppressions
reaching up to 11 dB. They were higher for low to
moderate sound levels. Additionally, CM amplitude
increments were found, the largest (≤ 2.5 dB) for low
intensity tones. CAP suppression was present at all

stimulus frequencies, but was greatest for 2 kHz. CM
increments were highest for low-frequency tones, and
almost absent at high frequencies. We conclude that
the effect obtained in chinchilla is similar to but
smaller than that observed in cats, and that the effects
seen in awake chinchillas, albeit different in magnitude,
are consistent with the activation of efferent fibers.
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INTRODUCTION

In mammals, the auditory efferent system originates
in the auditory cortex, projects to the inferior
colliculus and the superior olivary complex, and
reaches the cochlea through the olivocochlear (OC)
fibers (for review, see Robles and Delano 2008). These
fibers are identified according to their place of origin
as lateral or medial OC fibers (Warr and Guinan
1979). The lateral OC subsystem originates in the
lateral superior olivary nucleus, and projects unmyeli-
nated axons that innervate afferent dendrites in the
region beneath inner hair cells. The medial olivoco-
chlear (MOC) fibers emerge from the ventral nucleus
of the trapezoid body, and make synaptic contact at
the basolateral region of outer hair cells (OHC).

Electrical activation of MOC fibers at their midline
crossing towards the contralateral cochlea in the
fourth-ventricle floor reduces cochlear sensitivity
(Galambos 1956; Fex 1959; Desmedt 1962; Gifford
and Guinan 1987). As MOC fibers directly innervate
OHCs, their activity modifies the input impedance
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and membrane potential of OHCs (Housley and
Ashmore 1991), affecting the mechanical feedback
that they provide to basilar membrane motion
(Mountain 1980; Siegel and Kim 1982; Murugasu
and Russell 1996; Cooper and Guinan 2003). These
changes reduce the cochlear-amplifier gain, producing
a decrease in auditory-nerve compound action poten-
tials (CAP) and an increase in cochlear microphonics
(CM) amplitudes that reflects a higher voltage drop
caused by the increase of current flow through OHCs
and the cochlear circuit (Guinan 1996).

Among various proposed roles for the auditory
efferent system, based on experiments performed in
behaving animals, it has been suggested that the
olivocochlear system modulates cochlear sensitivity
during attentional processes. Cochlear potentials
recorded in cats and chinchillas performing a visual
discrimination task, showed amplitude reductions of
auditory-nerve CAPs during periods of visual atten-
tion. In behaving cats, CAP reductions occurred with
no significant changes in CM amplitude (Oatman
1971), while in behaving chinchillas CAP reductions
were accompanied by CM amplitude increases
(Delano et al. 2007).

The aforementioned changes in cochlear sensitivity
observed in behaving animals are presumably pro-
duced by activation of auditory efferent fibers, as
electrical MOC activation in anesthetized cats produces
analogous, but larger, CAP reductions and CM aug-
mentations (Gifford and Guinan 1987). Discrepancies
between the effects observed in behaving cats and
chinchillas could be explained by specific differences
in the anatomy of the efferent system between
mammals, or by the influence of awake versus anes-
thetized condition on MOC activity.

MOC-activation effects on cochlear responses have
been mainly studied in cat and guinea pig (Galambos
1956; Desmedt 1962; Gifford and Guinan 1987;
Murugasu and Russell 1996); however, evidence
showing significant differences in the anatomy and
distribution of OC neurons between the chinchilla
and other mammals (Iurato et al. 1978; Azeredo et al.
1999) makes it important to measure these efferent
effects in this widely used hearing model. The aim of
this work is to report the effects of electrical stim-
ulation of MOC fibers on cochlear potentials (i.e.,
CAP and CM) in the anesthetized chinchilla, compar-
ing them with those observed in other commonly
used laboratory animals (e.g., cats, guinea pigs).

METHODS

Animals and anesthesia

All procedures involving animals were made in accord-
ance with the institutional Bioethics Committee and

NIH Guidelines for the Care and Use of Laboratory
Animals, publication No. 86-23, revised 1996. In this
study, 14 adult chinchillas (Chinchilla laniger) weighing
400–700 g were used. They were anesthetized with
xylazine (4–8 mg/kg, I.M.), ketamine (20–40 mg/kg,
I.M.) and atropine (0.04 mg/kg, I.M.) and were
maintained deeply anesthetized by repeating half
doses every 30–45 minutes, or when necessary, judged
by the foot-withdrawal reflex. Rectal temperature was
maintained at 35–37°C by means of a heating pad. At
the end of every experiment, deeply anesthetized
animals were humanely euthanized with an overdose
of sodium thiopental (120 mg/kg).

Surgical procedures

The left pinna was resected for proper access to the
external auditory meatus and tympanic membrane,
and a dorsal opening was made in the bulla to allow
cutting of the tensor tympani muscle. The cochlea was
accessed by a posterior aperture of the tympanic
bulla, and a silver-wire electrode was placed at the
round window. This approach allowed us to detach
the stapedius muscle from its insertion in eight of the
14 animals used. The fourth ventricle was exposed by
dorsal craniotomy and aspiration of the anterior
portion of the cerebellar vermis. Hemorrhage and
accumulation of cerebrospinal fluid was controlled
with haemostatic sponge.

Stimulus and data acquisition

All experiments were performed in a double-walled
sound-attenuating room, and on top of a floating
table, isolated from external noises and vibrations.
Animals were placed on a stereotaxic apparatus that
allowed micrometric movements of the stimulating
electrodes. Acoustic stimuli were clicks (produced by
100-μs-wide pulses) with a peak intensity of 100 dB
SPL and 15 ms duration tones of 1, 2, 4, 6, 8, 10 and
12 kHz. All stimuli were generated by a RP2.1 real-time
processor (100,000 points/s), attenuated by a PA-5
programmable attenuator and delivered with an EC1
electrostatic speaker (Tucker–Davis Technologies,
System 3) through a closed ear cavity sealed to the
external auditory meatus. A Knowles microphone
was inserted into the ear cavity to perform sound
pressure level calibrations.

Cochlear electrical potentials were acquired
through an 80 μm diameter silver wire electrode
placed on the round window, amplified 80 dB and
filtered (300–10,000 and 300–20,000 Hz for low- and
high-frequency tones respectively). These signals were
digitized at 40,000 samples/s with a data acquisition
board (National Instruments, 6024E) housed in a
desktop PC.
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The efferent pathway was stimulated at the midline
crossing in the floor of the fourth ventricle with an
array of six Nichrome® electrodes (200 μm diameter)
separated by 500 μm, which allowed bipolar stimula-
tion. Each electrode was coated with enamel, leaving
uncovered 500 μm at the tip. Stimulation electrodes
were positioned with a hydraulic micro-drive (David
Kopf Instruments 1207B), and kept isolated from the
recording system with a custom-made optic coupler.
The pair of electrodes that produced the largest
reduction of CAP amplitude while causing just
noticeable facial motor responses was used (Gifford
and Guinan 1987; Guinan and Stankovic 1996). Facial
motor responses are due to the proximity of the efferent
fiber decussation to the genua of the facial nerve.

Efferent stimulation parameters used were: 300-μs-
wide pulses presented at frequencies of 200–300
pulses/s in periods of 100 ms, since similar parameter
values have yielded the greatest cochlear sensitivity
reductions in other species (Gifford and Guinan 1987;
Cooper and Guinan 2003). Variation of these param-
eters in our initial experiments produced little effect
on our results.

Each trial consisted of three consecutive series:
control, efferent and recovery. Two paradigms were
used: A, series consisting of 64 presentations of clicks or
tones at a 1 Hz rate, and B, series of 128 presentations at
a 3 Hz rate. In the efferent series acoustic stimuli, were

preceded (30 ms) by pulse bursts delivered through the
pair of electrodes at the fourth ventricle (Fig. 1).

Data analysis

Acoustical stimuli were presented with alternated
polarity, in order to allow us to separate CAPs from
CMs. Responses to stimuli of each polarity were
independently averaged, and later added together to
cancel CMs and isolate CAP responses. CAP amplitudes
were calculated between the peaks of the N1 and P1
waves in the averaged responses. The CAP latency was
measured as the period between the presentation of
the acoustic stimulus and the peak of the N1 wave.
Subtraction of the averaged responses to stimuli of the
two polarities allowed the computation of the ampli-
tudes of CMs by performing a fast Fourier transform
(FFT) in a 12.8 ms window that excluded the CAP
response (custom-made C program, LabWindows/CVI
environment). Efferent effects were measured by the
reduction (or increase) in CAP (or CM) amplitude
produced by the MOC electrical stimulation. CM
amplitudes of single trials and the mean of two
consecutive CAP trials were used to calculate the
average and standard deviation of control and efferent
periods. The significance of the differences between
cochlear responses in control and efferent conditions
were determined by paired t-tests.

FIG. 1. Experimental paradigms. Each
trial consisted of three consecutive series:
control, efferent and recovery. In the
efferent series, acoustic stimuli were pre-
ceded (30 ms) by shock bursts (100 ms)
delivered in the fourth-ventricle floor. In
the control and recovery series, stimuli
were presented without efferent stimula-
tion. Paradigm A had 64 stimulus presen-
tations at a rate of 1 Hz. Paradigm B had
128 stimulus presentations at a rate of
3 Hz. Simultaneously, cochlear responses
were recorded through an electrode
placed on the round window.
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The temporal course of the efferent-effect strength
along trials in the presence of electrical stimulation
was evaluated by calculating the slope of a regression
line for CAP and CM amplitudes (μV/s). One-way
ANOVA was used to compare CAP and CM efferent-
effect slopes obtained with stimuli of different fre-
quencies. Tukey post-hoc test was used to evaluate
significant differences between different frequencies.
Pearson correlation indexes were calculated to evaluate
sound pressure dependence of CAP and CM efferent-
effect slopes.

RESULTS

The electrical pulses delivered at the floor of the
fourth ventricle produced CAP amplitude reductions
in all 14 chinchillas studied. In the experiments in which
middle-ear muscles function was preserved (n=6), we
measured CAP reductions up to 26 dB, and a maximum
CM increase of 1.5 dB, while in experiments in which
middle-ear muscles were detached (n=8), we measured
CAP reductions up to 11 dB and CM increases up to
2.5 dB. Results presented in the following sections were
all obtained in the eight chinchillas in which possible
middle-ear effects were eliminated by section of the

tendon of the tensor tympani muscle and detachment
of the stapedius muscle from its insertion.

Efferent effects in cochlear responses

In the eight chinchillas with detached middle-ear
muscles, electrical stimulation of MOC efferent fibers
produced reductions in CAP amplitude that were
accompanied by CM enhancements (Fig. 2). These
CAP reductions and CM enhancements were observed
in responses to tones at various frequencies (1 to
12 kHz) and sound levels, and also in responses to clicks
at several intensities. CAP amplitude reductions in
response to tones and clicks were greater for acoustic
stimuli at low and moderate intensities, reaching
suppressions up to 11 dB; while at higher sound levels
CAP reductions were lower or absent (Figs. 3 and 4).
Figure 4 displays CAP amplitude reductions as a
function of stimulus intensities obtained in the different
animals, confirming the consistency of the observed
efferent effects. Concomitantly with CAP decreases,
electrical activation of efferent fibers caused augmenta-
tions of CM amplitudes (Figs. 2 and 5). These efferent
effects on CMs, however, were of lower magnitude than
those seen in CAPs, reaching increases of up to 2.5 dB.
The increments in CM amplitude were strongly influ-
enced by stimulus intensity; being highest at the lowest

FIG. 2. Amplitude modulation of cochlear potentials by MOC efferent activation. Changes in amplitude of sound-evoked CAP (squares) and CM
(triangles) produced by efferent electrical stimulation, expressed as dB with reference to controls. Efferent series are marked by the shaded area.
Upper and lower rows correspond to experimental data obtained at 1 Hz and 3 Hz rates respectively. Lines in panels represent calculated
regression lines of MOC effect vs time for each condition.
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FIG. 3. CAP input–output curves. CAP amplitudes with (red) and without (black) efferent electrical stimulation as a function of acoustic stimulus
intensity recorded in three chinchillas. Efferent-produced CAP reductions are greater at lower acoustic stimulus intensities. CAP traces with and
without efferent activation are shown in inset box.

FIG. 4. CAP amplitude modulation as function of acoustic-stimuli intensity recorded in eight animals. Efferent effect magnitude is expressed as
dB of change with reference to control. The efferent effect is larger for low intensity acoustic stimuli.
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stimulus intensity levels and almost disappearing at
higher levels (Fig. 5).

Both efferent effects, CAP suppression and CM
enhancement, were also dependent on tone fre-
quency. CAP suppression, although present at all
tested stimulus frequencies, reached a maximum for
2 kHz tones and had a secondary peak at frequencies
around 8 kHz (Figs. 3 and 6). CM enhancements
reached a maximum increase for 1 to 2 kHz tones, and
showed no amplitude changes or even suppressions at
higher frequencies (Fig. 6).

Efferent stimulation also produced increases in CAP
latency. These were present at all tested frequencies,
and were strongly dependent on stimulus intensity
(Fig. 7), reaching response delays of up to 0.2 ms at the
lowest sound pressure levels.

Temporal course of the efferent effect

To assess the temporal variation in strength of the
efferent effect, we calculated the slope of a regression

line for CAP and CM amplitudes along trials in the
presence of efferent activation, as exemplified in
Figure 2. A positive CM efferent-effect slope represents
an increase in strength of the efferent effect with time,
while a positive CAP efferent-effect slope represents a
decrease in strength of the efferent effect.

As shown in Figure 2, there was high variability in the
values of CAP efferent-effect slopes, ranging from
negative to positive values (−1.91 to 1.18 μV/s), while
most values of CMefferent-effect slopes were negative or
close to zero (−0.91 to 0.10 μV/s). Thus, in the majority
of the experiments, CM increases displayed a reduction
in the strength of the effect along efferent trials. There
was a significant difference between the CAP efferent-
effect slopes obtained with the 1 and 3 Hz rate protocols
[0.022±0.160 and 0.155±0.427 μV/s respectively (mean±
S.D.); unpaired t-test, pG0.01]. A significant difference
was also found between the CM efferent-effect slopes
observed with the 1 and 3 Hz rate protocols (−0.003±
0.022 and -0.082±0.151 μV/s respectively; unpaired t-test,
pG0.01).

FIG. 5. Efferent effects on CM amplitudes. Upper panels: CM input–output curves obtained in one animal at two stimulus frequencies with (red)
and without (black) efferent electrical stimulation. Inset shows an example of CM traces with and without efferent activation. Values were
obtained through FFT analysis. Each symbol represents the mean±standard deviation of 128 single trials. All CM increments shown in this figure
were statistically significant (paired t-test; pG0.05). Bottom panels: efferent CM enhancements obtained in five chinchillas. CM increments were
larger for low-frequency and low-intensity stimuli (1 and 2 kHz and 40 to 60 dB SPL). Effects are expressed as dB of change with reference to
control amplitude.

322 ELGUEDA ET AL.: Efferent Effects in Chinchilla



Figure 8 displays the mean values of CAP and CM
efferent-effect slopes obtained for the different stimulus
frequencies using the 1 and 3 Hz rate protocols. The
figure shows that, only for the 3 Hz protocol, the mean
slopes of the CAP and CM efferent effect depended on
stimulus frequency, as the absolute mean values of
efferent-effect slopes decreased from low- to high-
frequency stimuli (CAP ANOVA, F=5.84, pG0.01; CM
ANOVA, F=4.14, pG0.01; see legend of Figure 8 for
post-hoc tests). There was no significant correlation
between the magnitudes of CAP and CM efferent-effect
slopes obtained at different sound pressure levels
(Pearson test).

DISCUSSION

Electrical activation of efferent fibers in the chinchilla
(with detached middle-ear muscles) produced CAP

decreases of up to 11 dB, concomitantly with CM
increases of up to 2.5 dB. In the experiments in which
we did not detach middle-ear muscles, electrical
stimulation produced CAP suppressions that reached
up to 26 dB, which suggested that, in those experi-
ments, the electric stimulation produced not only
olivocochlear activation, but also facial-nerve activation
that reduced the cochlear input by stapedius-muscle
contractions. To avoid middle-ear effects, in this report
we only discuss results obtained in animals with
sectioned middle-ear muscles.

Efferent modulation of cochlear potentials

There was considerable inter-animal variability in the
magnitudes of the observed efferent effects that, as
suggested for other species, most likely reflects
variability in the activity level of efferent MOC
neurons (Liberman 1989). However, this variability

FIG. 6. Influence of stimulus intensity and
frequency in MOC effects in cochlear-
potentials amplitudes obtained in eight
experiments. A Grand average of CAP
suppression effects as a function of fre-
quency and sound pressure level. A main
peak effect is observed for low frequencies
around 2 kHz and a smaller peak for
frequencies around 8 kHz. B Grand aver-
age of CM amplitude augmentation effects
(obtained through FFT) as a function of
frequency and sound pressure level. Larger
CM augmentations are observed for low
frequencies (1 and 2 kHz) at low sound
pressures, while no changes or even small
(G1.0 dB), but significant reductions are
seen for frequencies above 4 kHz.
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could partially originate in differences in the positioning
of the stimulating electrodes in the brain stem.

As mentioned in Methods, in this work we have
measured MOC effects by the reduction (or increase)
in CAP (or CM) amplitude produced by the efferent
stimulation. However, in other reports the metric for
MOC effects has been the amount by which sound

level has to be increased during efferent stimulation
to produce a response of the same magnitude as that
without MOC stimulation. All comparisons of our
results with previous data are made using our metric.
The efferent-induced CAP reductions and CM
enhancements that we found in the chinchilla dis-
played similar characteristics to those already

FIG. 7. CAP latency modulation with (red) and without (black) MOC activation as a function of acoustic stimulus intensity. The epoch between
the presentation of the acoustic stimulus and the peak of the CAP first wave was increased by activation of MOC fibers.

FIG. 8. Mean slopes of regression lines of MOC effect vs time on CAP and CM responses. Mean slopes in μV/s (and standard deviations) were
calculated for the different stimulus frequencies presented with the 1 and 3 Hz rate protocols. Significant differences between CAP and CM
efferent-effect slopes were found only for the 3 Hz protocol. A Tukey post-hoc test showed significant differences between 1 and 8 kHz stimuli for
CAP and CM efferent-effect slopes, and for 1 and 4 kHz stimuli for CAP efferent effects.
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reported for the cat (Galambos 1956; Fex 1959;
Desmedt 1962; Sohmer 1965; Wiederhold and Peake
1966; Gifford and Guinan 1987) and the guinea pig
(Sridhar et al. 1995; Murugasu and Russell 1996),
although in most cases they were of smaller magnitudes.
In our measurements, we found efferent-produced CAP
reductions of up to a maximum of 11 dB, compared
with reductions near or over 20 dB observed in cats
(Desmedt and Monaco 1961; Wiederhold 1970; Gifford
and Guinan 1987). These differences between the
effects observed by us in chinchilla and by other authors
in other species suggest that chinchillas have a func-
tionally weaker MOC system.

Efferent-induced CAP amplitude reductions were
accompanied by CM increases, although the former
were consistently larger than the latter (see Figs. 2 and
6); this result is in agreement with previous reports in
other species (Desmedt and Monaco 1961; Sohmer
1965; Gifford and Guinan 1987; Murugasu and Russell
1996). We obtained maximum CAP reductions for
2 kHz, a frequency corresponding to a location at
about the middle of the chinchilla cochlea (Eldredge
et al. 1981). This peak in the strength of MOC effect
for frequencies represented at about the center of the
cochlea is also found in other species. In cat, guinea
pig and mouse, most MOC effects on both CAPs and
auditory-nerve fibers, and also the anatomical distribu-
tion of MOC fibers, display a single broad peak in the
mid-frequencies; at 4–10 kHz in cat (Liberman et al.
1990; Guinan and Gifford 1988a), at 7–10 kHz in
guinea pig (Teas et al. 1972), and at about 10 kHz in
mouse (Maison et al. 2003). However, our finding of
another smaller peak of CAP efferent inhibition for
frequencies around 8 kHz was unexpected (discussed
in next section). In chinchilla, the only anatomical
study available on efferent fiber distribution shows that
most MOC fibers innervate the two more basal
cochlear turns (Iurato et al. 1978), a distribution that
is compatible with the MOC effects we observed at the
different frequencies.

Even though there was correlation between the
magnitudes of MOC effects observed in CAP and CM
in the different animals (as shown in Fig. 9), the two
effects reached their maxima for different stimulus
frequencies. In fact, this is not unexpected, since it is
known that round-window CM potentials represent a
weighted vectorial sum of CM contributions that
weighs more heavily the more basal generators (Dallos
1973; Cheatham et al. 2011), while CAPs elicited by
low-intensity tones reflect activity generated by a
limited number of cochlear fibers, with characteristic
frequencies close to the stimulus frequency (Özdamar
and Dallos 1976).

The observed efferent-induced increases in CAP
latency are similar to those described in cat (Gifford
and Guinan 1987) and are consistent with the

decreases in tuning sharpness produced in single
auditory nerve fibers by MOC activation (Guinan and
Gifford 1988b).

Temporal course of the efferent effect

Two types of MOC efferent effects have been
described; fast effects that take place with time
constants in the order of tens of milliseconds, and
slow effects that occur with time constants three
orders of magnitude larger (Sridhar et al. 1995;
Cooper and Guinan 2003). Our experimental para-
digm was best suited to measure fast MOC effects by
evaluating the change in amplitude of cochlear
potentials recorded at the onset of the efferent
stimulation series (30 ms after delivery of electric
pulses at the floor of the fourth ventricle). However,
the presence of slow MOC effects was recognized by
the increase of the efferent effect during the stim-
ulation period (CAP reductions displaying negative
slopes, mostly for frequencies ≥4 kHz).

As mentioned in Results (Fig. 8), there was a
significant decrease in absolute magnitude of CAP
and CM efferent-effect slopes for increasing stimulus
frequencies presented with the 3 Hz-rate protocol. For
stimulus frequencies of 1 and 2 kHz, CAP efferent-
effect slopes had positive values, indicating a decrease
of MOC effect with time, while for 8 kHz stimuli CAP
efferent-effect slopes were negative, indicating an

FIG. 9. Comparison of click-evoked CAP reductions vs CM
increases in behaving and anesthetized chinchillas. Each point
indicates average of the maximum values of CAP reduction and
CM increase obtained for each animal at 50-70 dB SPL. CM
increases were obtained for 2 and 1 kHz tones in awake and
anesthetized chinchillas respectively. Data for awake animals were
extracted from Table 2 in Delano et al. 2007. Note larger CAP
reductions for anesthetized chinchillas, in contrast with larger CM
increments for behaving chinchillas. There is correlation between the
magnitudes of CAP suppression and CM augmentation in anesthe-
tized chinchillas (pG0.05, Pearson test. Equation for regression line:
Y=−0.2741*X+0.5037; R2=0.8377).
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increase of MOC effect with time. These negative
slopes of the efferent-induced CAP reductions would
indicate the presence of slow MOC effects for high-
frequency stimuli. A similar dependence of fast and
slow effects on stimulus frequency has been observed
in guinea pig (Sridhar et al. 1995), in which the fast
effect had a larger peak around 8–10 kHz, while the
slow effect had a smaller peak for higher frequencies
(around 14 kHz). As mentioned above, we found the
greatest CAP decrease around 2 kHz, and a secondary
peak of CAP reduction near 8 kHz that could reflect
both, fast and slow effects in the chinchilla.

Comparison with efferent modulations
in behaving animals

In a previous study, we found significant CAP reduc-
tions and CM increases in behaving chinchillas during
periods of selective attention to visual stimuli (Delano
et al. 2007). We suggested that those changes in
cochlear sensitivity were produced by activation of
MOC efferent fibers. In the present study we found
similar changes by stimulating MOC efferent fibers
in anesthetized chinchillas. Efferent-mediated CAP
suppressions produced in both conditions were
accompanied by simultaneous CM enhancements,
which reached maxima at similar stimulus frequencies
(1–2 kHz). These results suggest that the modulations
in cochlear sensitivity previously observed in chinchillas
performing a visuospatial task are consistent with an
activation of MOC efferent fibers during the periods of
selective visual attention.

Figure 9 compares the maximum values of CAP
reduction and CM increase obtained for different
animals in the two conditions: awake performing the
visual task, and anesthetized under efferent stimulation.
As shown in the figure, maximum CAP reductions,
measured at similar sound pressure levels, were larger
in the present experiments (6 dB) than those pre-
viously observed during periods of visual attention in
behaving chinchillas (2 dB). This would seem to
contradict the evidence showing that efferent suppres-
sion is weaker in anesthetized than in awake guinea pigs
(Guitton et al. 2004), and that evoked otoacoustic
emissions increase in ketamine anesthetized chinchillas,
which also indicates a ketamine-induced reduction of
MOC activity (Harel et al. 1997). However, the stronger
CAP reductions produced, in this study, in some of the
animals by efferent electrical stimulation is probably
explained by a higher number of efferent fibers
recruited, as well as by higher firing rates elicited on
these fibers in this condition than during selective visual
attention.

Unexpectedly, CM increments were significantly
lower in the present experiments than in the awake
condition (up to 2.5 dB versus 3.5 dB, see Fig. 9). It is

possible that the increase in efferent effect on the
CAP, in contrast with the decrease of effect on the
CM, observed in the present work as compared to the
efferent effects reported in behaving chinchillas could
be explained by the completely different conditions of
activation of the efferent system in the awake animal.
Finally, the weaker efferent effects on CM in our
anesthetized animals are also supported by a model of
chronically de-efferented awake chinchillas, in which
CM amplitudes decreased by 6 dB after sectioning the
OC fibers (Zheng et al. 2000).

In conclusion, the present results: (1) demonstrate
that electrical activation of MOC fibers in the
anesthetized chinchilla produces CAP reductions
and CM increases similar, but smaller than those
observed in cats, (2) suggest that the MOC activity
that regulates CM and CAP responses is modulated
differentially in the awake/anesthetized states of the
subjects, and (3) imply that the modulations in
cochlear sensitivity produced in behaving chinchillas
by selective visual attention (Delano et al. 2007) are
produced by activation of MOC efferent fibers.
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