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* is known as overshoot or temporal effect. Our study investigates the impact of the auditory

efferent nerves (AENs) function on the auditory electrophysiological overshoot, further
introducing an objective tool examining one of the AENs performances. Therefore, the effect
and the trend of changes induced by low- and high-frequency stimuli on electrophysiological
overshoot were studied in different delay onset times (DOTs) between the signal and the noise
before and after dissecting the AENS.

Methods: Right internal auditory canals were exposed in 16 young male guinea pigs weighing
250 to 350 g. The inferior and posterior vestibular nerves known to carry AENs were transected
in half of the subjects. Then, the ABR waveforms were recorded at 16 and 8 kHz tone burst
stimuli at 0, 30, 60, and 100 ms DOTSs relative to wideband noise. The latency values of
auditory brainstem response (ABR) waves I and III were compared among the different DOTs
and 5 signal-to-noise ratios (SNRs) before and after the surgery.

Results: By increasing DOTs, ABR waves I and III latency decreased in the control group
before and after the surgery and in the case group before surgery at 16 kHz. However, the
observed overshoot-like effect disappeared after the surgery in the case group. The wave’s

Keywords: latency I and III increased from 0 to 30 ms, remained approximately constant from 30 to 60
Auditory efferent nerve (AEN), ms, and then decreased tloward 100 ms DOTs. However, none of the measurements at 8 kHz
Auditory brainstem response : before and after surgery in both groups showed an overshoot effect.

(ABR), Overshoot, Temporal Conclusion: Using the ABR paradigm, the overshoot phenomenon disappeared after
effect, Delay onset time . the transection of AENs. The results confirmed the role of the efferent system in auditory
(DOTs), Latency overshooting. Therefore, an objective tool to measure auditory efferent function is provided.
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e The auditory overshoot phenomenon disappeared after the transection of AENs in male guinea pigs.

® The results confirmed the role of the efferent system in auditory overshooting.

Plain Language Summary

Detection of a brief tonal signal at the beginning of a longer masking noise is difficult, but it becomes easier when
the onset of the signal is delayed. This phenomenon is known as auditory overshoot or temporal effect. In the present
study, we investigated the impact of the auditory efferent nerves (AENs) function on the auditory electrophysiological
overshoot. The overshoot phenomenon disappeared after the transection of AENSs. The results confirmed the role of the

efferent system in auditory overshooting.

1. Introduction

he caudal auditory efferent system, or the
olivocochlear nerve bundle, is a descend-
ing pathway that originates in the brain-
stem and ends in the organ of Corti of the
cochlea. It was identified over 70 years ago
(Rasmussen, 1946). A lot of research was
conducted on its anatomy and functions
thereafter (Brown, 1987; Liberman, 1980; Warr et al.,
1997; Warr & Guinan, 1979). The anti-masking (Liber-
man & Guinan, 1998), protection against loud noise
(Cody & Johnstone, 1982; Handrock & Zeisberg, 1982;
Liberman & Gao, 1995; Rajan, 1990), auditory and visu-
al attention (Guinan, 2018; Igarashi et al., 1974; Oatman,
1976; Scharf et al., 1997), and auditory development are
among the roles attributed to this system (Walsh et al.,
1998). Despite much research on the characteristics of
efferent nerves, many functional aspects of this system
have remained unclear.

Several psychoacoustical studies have been carried out
on the effect of perception in noise. In the last theories
about the functioning of olivocochlear nerves, a phenom-
enon called auditory overshoot has been discussed. It is
used to study the effects of background noise on everyday
hearing. The investigation of auditory overshoot may help
understand the ability to hear a brief sound in background
noise. It is known as a temporal auditory effect (Bacon,
1990; Hicks & Bacon, 1991; Schmidt & Zwicker, 1991;
von Klitzing & Kohlrausch, 1994) that depends on the
timing between the onset of the signal and the masker
noise, called delay onset time (DOT). When a listener
must detect a brief tonal signal presented in a longer mask-
ing noise and the onset of the signal is slightly delayed
from the onset of the masker, the behavioral detectability

of the signal becomes easier (Chatterjee & Smith, 1993).
It was shown that this phenomenon can also be recorded in
the auditory brainstem (Chatterjee & Smith, 1993; Had-
dadzade et al., 2021). We realized overshoot in our previ-
ous study that the latencies of ABR’s waves, especially the
first waves, decrease, and the amplitude increases when
DOT increases. Classic firing rate adaptation and medial
olivocochlear feedback (Jennings et al., 2011) are pro-
posed physiological overshoot mechanisms. Some basic
characteristics of overshoot are obligatory consequences
of cochlear function, as modulated by the olivocochlear
efferent system (McFadden et al., 2010). For the subjects
showing overshoot, detectability remained approximately
constant for at least 20-30 ms of signal delay, and then,
detectability gradually improved toward its maximum
(McFadden et al., 2010).

In guinea pigs, the discharge peak of the AENs in ipsi-
lateral and contralateral neurons is 20- 40 and 25- 45 ms,
respectively (Brown, 1989). It was compatible with the
time course that the auditory overshoot observed. There-
fore, we aimed to prove the effect of efferent systems on
overshoot by extending the previous auditory brainstem
response (ABR) study on different DOTs within and out
of the discharge peak of AENs by dissecting the nerves.
The cochlear efferent innervation in guinea pigs is carried
in the inferior and superior vestibular nerves at entry into
the medial bulla (Littman et al., 1991). Therefore, we sec-
tioned both right inferior and superior vestibular nerves at
the point of entry into the internal acoustic canal and then
examined ABR by using the low-frequency tone burst
compared to the high-frequency tone burst at 0, 30, 60,
and 100 ms DOTs before and after the interruption.
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A convenient tool for confirming the section of the AENs
is the immunohistochemical staining for acetylcholines-
terase (ACHE). Cholinesterase was confined to the spiral
ganglion and organ of Corti. The efferent nerve section-
ing in guinea pigs’ brainstem level significantly reduces
cholinesterase-positive structures within the cochlea.

Our study aimed to investigate the effect of the AENs
function on the auditory electrophysiological overshoot
and introduce an objective tool to examine one of the
AENS’ performances.

2. Materials and Methods
Study animals

Sixteen two-month-old male Albino guinea pigs (250-
350 g) were purchased from the Pasteur Institute (Teh-
ran, Iran). The animals were housed in cages with free
access to water and food in a temperature-controlled
room (2025 °C) with a 12 h light/dark cycle. The pres-
ent study used a checklist of working with laboratory
animals approved by the Ministry of Health and Medi-
cal Education. Before surgery, the animals were kept for
three days to adapt to the new living environment. The
guinea pigs were randomly divided into two groups: The
first group (cases) sectioning the AENs and the second
group (control) just exposing the nerves (n=8, each).

Study procedure

ABR recording

The animals were anesthetized with an IP injection of
the mixture of ketamine (40 mg/kg body weight) and xy-
lazine (4 mg/kg body weight). Ketamine was repeated
half dose during surgery if needed. The ABR was re-
corded using a Biologic Navigator Pro AEP (USA). The
inverting needle electrode was set on the vertex, the non-
inverting on the right, and the common on the left mas-
toid. The impedance difference between electrodes was
kept at less than 3 kQ. The animals were placed in a dou-
ble-walled, sound-proofed booth throughout the ABR
recording. The body temperature was measured during
surgery and testing with a digital thermometer and con-
trolled with a heating pad. The threshold was defined as
the minimum level at which wave III could be repeat-
edly detected and disappear at 5 dB less. Subjects with
a threshold within =1 SD of the lab’s normal range were
included for further data gathering. The threshold was
measured again after the completion of surgical proce-
dures. If the threshold shifted more than 10 dB, that ani-
mal was excluded from the study. To evaluate auditory
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overshoot, the ABR was recorded using the noise level
fixed at 60 dB PeSPL (decibel Peak Equivalent Sound
Pressure Level) and the signal level modulated for the 5
SNRs (0, +5, +10, +15, +20 dB) and the four DOTs (0,
30, 60, 100 ms) at 8 and 16 kHz. The stimuli (noise and
signal) were combined by Cool Edit Pro (version 2.1)
and presented to the right ear at 45° to the head of the
animal by the speaker (ONKYO DWASKO001, Korea).
The other ear was blocked. To control the effect of noise,
the waves achieved by noise and signal were subtracted
from those with noise alone; then, the absolute latencies
of waves I and III for the four DOTs and each SNRs at
two different frequencies were determined pre-surgery
and post-surgery.

Surgery approach

In the case group, AENs were sectioned. In the con-
trol group, the nerves were exposed; however, they were
kept healthy. A tracheotomy was performed, and the ani-
mal was ventilated with room air. Epinephrine is admin-
istered to reduce blood pressure at the point of surgery
in the skull. A posterior craniotomy was performed by
drilling a tinny hole into the skull at the intraparietal tri-
angle on the right side. The bone was removed from the
parietal crest and moved to the right temporal line us-
ing a small clamp. The dura was opened, the cerebellum
was retracted medially using small pieces of moistened
cotton, and para-flocculus was aspirated. The brain stem
was then retracted medially, and the cochlear vestibu-
lar and facial nerves were exposed at the medial aspect
of the right bulla. The inferior and posterior vestibular
nerves were transected by a stapes hook, and the co-
chlear and facial nerves and arteries were maintained.
Figure 1 schematically illustrates the relative location of
the nerves of interest. Animals underwent the surgical
procedure up to exposure of the nerves without transec-
tion (control). After surgery, the dura was closed using
small pieces of moistened cotton, and the scalp incision
was sutured. The animal was monitored for 3 to 6 hours
and allowed to recover. Once awake, pain was controlled
with acetaminophen (10 mg/kg). Tetracycline was given
orally (415 mg/L) via drinking water for 5 to 7 days fol-
lowing surgery.

Immunohistochemical staining

Twenty days after the surgery, the animals were sac-
rificed. Both bullae were removed and fixed with 10%
formalin, and the cochleae were stained for cholines-
terase using the envision immunohistochemical (IHC)
staining technique. The primary antibody for IHC was
anti-acetylcholinesterase antibody ab31276 (Santa Cruz
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Figure 1. The internal aspect of the temporal bone

Abbreviations: FF: Facial foramen; TCIAC: Transverse crest of internal auditory canal; CN: Cochlear nerve opening; SF: Sub-
arcuate fossa; SVN: Superior vestibular nerve; IVN: Inferior vestibular nerve.

production). Slides were prepared from the first and sec-
ond turns of the guinea pig cochlea because of the higher
density of efferent innervation in this region (Smith,
1961; Smith & Rasmussen, 1965; Wright & Preston,
1973). The changes in staining after vestibular nerve
transection were observed via light microscopy.

Stimuli and recording parameters

Specific parameters were adopted to record the over-
shoot electro-physiologically. We applied a 16 and 8 kHz
tone burst stimulus and wideband noise for the signal
and noise, respectively. The signals with different DOTs
were compared to the noise. The signal (the ABR stimu-
lus) was presented simultaneously with the noise onset,
30 ms and 60 ms after noise onset and immediately af-
ter the completion of the noise. The signal included five
tone burst complexes with a 5 ms duration and a 1 ms
rise/fall time. For each tone burst at 16 and 8 kHz, 11 ms
interstimulus intervals were considered to overcome the
minimal nerve response recovery time. The duration of
the noise was 100 ms (0.1-8 kHz). The signal and noise
intensity level was set at 60 dB PeSPL.

The gain to ABR recordings was set as 100000, and
250 stimuli were used for averaging. The high-pass and
low-pass filters were 100-3000 Hz, and the time window
was 10 ms. The stimuli intensity (signal and noise) was
calibrated with a 2250 L sound level meter (B&K) at 5
cm from the speaker. The speaker covered high-frequen-
cy sounds of up to 20 kHz.

Statistical analysis

Statistical analysis was performed in SPSS software,
version 19 (USA). All data had a normal distribution
(P>0.05). The statistical significance was tested using
global linear models. Tukey one-way analysis of vari-
ance (ANOVA) analysis was conducted for each ABR
to analyze the calculated latency of waves I and III to
the subtracted waves across the factors of time delay (4
conditions) and SNR (5 conditions) as within-subject
variables. A pairwise comparison was conducted using
Bonferroni analysis of the significant effects. The sig-
nificance level was 0.05 for all statistical analyses.

3. Results

In our previous study on the electrophysiological over-
shoot, changes in latency of subtracted ABR waves,
especially at the first waves, showed an overshoot phe-
nomenon. Therefore, we measured and compared the
latencies of subtracted waves I and III in both groups
before and after surgery for both stimuli separately un-
der the different stimuli conditions. Figure 2 shows the
grand averages of ABR waveforms in the case group at
16 kHz (left column) and 8 kHz (right column).

Since data displayed a normal distribution, we com-
pared the latency waves I and III before and after the
surgery at both groups and stimuli using Tukey one-way
ANOVA statistical analysis. There were no significant
changes between the control group before and after sur-
gery and the case group before surgery (P>0.05). There
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Figure 2. The grand averages of ABR waveforms in the case group at 16 kHz (left column) and 8 kHz (right column)

Note: al, a2: The pre-surgical ABR waveforms in response to the signal (16 kHz) and noise alone, respectively. c1, c2: The
post-surgical ABR waveforms in response to the signal (16 kHz) and noise alone, respectively. e, g: Subtractions of the ABR
waveforms in response to a signal (16 kHz) and noise together from the waveforms of noise alone in four DOTs at 0 dB SNR
pre- and post-surgery, respectively. b1, b2: The pre-surgical ABR waveforms in response to the signal (8 kHz) and noise alone,
respectively (case groups). d1, d2: The post-surgical ABR waveforms in response to the signal (8 kHz) and noise alone, respec-
tively. f, h: Subtractions of the ABR waveforms in response to the signal (8 kHz) and noise together from the waveforms of
noise alone in four DOTs at 0 dB SNR pre- and post-surgery, respectively. The noise was wideband (0.1- 8.0 kHz, 100 ms) at

60 dB PeSPL (n=8).

were significant changes after surgery in the case group.
Therefore, we reported the variables in the case group
for both stimuli separately before and after the surgery.

Electrophysiological result (case group)

16-kHz stimulus

Data analysis in the case group showed significant
changes between the latency waves I and III at 16 kHz
before and after surgery (P<0.05).

Repeated measures analysis for absolute latency of
subtracted wave | before and after the surgery sepa-
rately showed a significant main effect for DOT (F;,
=10.252; P<0.001; n?=0.893) and no significant main

21.00

effect for SNR (F ., |;,,,~0.08; P>0.05; n*=0.106) be-
fore surgery. There was also a significant interaction
effect for DOT and SNR (F =0.174; P<0.05;
n*=0.532) before surgery.

12.00, 84.00

The main effect of Bonferroni analysis at absolute la-
tency of subtracted wave I before surgery showed sig-
nificant changes between the 0 ms and (30, 60) ms DOTs
and the (30, 60) ms with 100 ms DOTS, respectively for
0,5, and 10 dB SNRs (P<0.05). For the other SNRs (15,
20 dB), there were significant changes between the 0 ms
and other DOTs (30, 60, and 100 ms) and between the
(30, 60) ms and 100 ms, respectively (P<0.05). No sig-
nificant changes between the 30 and 60 ms and between
the 0 and 100 ms were observed for all SNRs (P>0.05).

Haddadzade Niri., et al. (2025). Auditory Efferent System Function on Auditory Overshoot. BCN, 16(2), 403-416.
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Analysis of data with repeated measures for absolute
latency of subtracted wave I before and after surgery
separately showed a significant main effect for DOT (F,
5100=13:491; P<0.001; 1*=0.927) and no significant main
effect for SNR (F, ., | ,,,=0.025; P>0.05; 1°=0.409) af-
ter surgery. There was also a significant interaction effect
for DOT and SNR (F =0.302; P<0.05; n=0.477)
after the surgery.

12.00, 84.00

The main effect (Bonferroni analysis) at absolute la-
tency of subtracted wave I after surgery showed sig-
nificant changes between the 0 ms and other DOTs for
all of the SNRs (P<0.05), and there were no significant
changes between the 30 ms and the (60, 100) ms DOTs
separately (P>0.05).

Analysis of data with repeated measures for absolute
latency of subtracted wave III before and after the sur-
gery separately showed a significant main effect for DOT
(F, 156 15.30s=6-522; P>0.005; 1°=0.839) and a significant
main effect for SNR (F, , . ,,=0.042; P>0.05; 1>=0.512)
before the surgery. There was also a significant interac-
tion effect for DOT and SNR (F =0.333; P<0.05;
1*=0.767) before the surgery.

12.00, 84.00

The main effect (Bonferroni analysis) at absolute la-
tency of subtracted wave III before the surgery showed
no significant changes between the 0 ms and three other
DOTs and between the 30 and 60 ms for the 0, 5, and 10
dB SNRs (P>0.05). There were significant changes be-
tween the (30, 60) ms and 100 ms DOTs (P<0.05). Signif-
icant changes between the 0 ms and (30, 60) ms DOT and
the (30, 60) ms and 100 ms DOT were noticed (P<0.05).
Also, there were no significant changes between the 0 ms
and 100 ms DOT for the 15 and 20 dB SNRs (P>0.05).

Analysis of data with repeated measures for abso-
lute latency of subtracted wave III before and after the
surgery separately showed no significant main effect
for DOT (F,, ,,,=16.484; P<0.001; n*=0.918) and
not a significant main effect for SNR (F, , ., ,=0.020;
P> 0.05; n>=0.148) after the surgery. There was also a
significant interaction effect for DOT and SNR (F
gs0—0-388; P<0.05; 1*=0.567) after the surgery.

12.00,

The main effect (Bonferroni analysis) at absolute laten-
cy of subtracted wave III after surgery showed that for
all of the SNRs, there were significant changes between
the 0 ms and other DOTs (P<0.05) and no significant
changes between the 30 ms and the (60, 100) ms DOTs
separately (P>0.05). Figure 4 shows the trend of change
in the latency of wave III differed with an increase in
DOT at 16 kHz signals

Basic and Clinical

8-kHz stimulus

There were significant changes between the latency
waves [ and I1I at 8 kHz before and after the surgery in the
case group (P<0.05). Analysis of data with repeated mea-
sures for absolute latency of subtracted wave I before and
after the surgery separately showed a significant main ef-
fect for DOT (F, , ,, ,~=15.895; P<0.001; n>=0.827) and a
significant main effect for SNR (F, se000-214; P<0.01;
1n*=0.411) before the surgery. There was also a significant
interaction effect for DOT and SNR (F =0.764;
P<0.05; 1>=0.419) before the surgery.

12.00, 84.00

The main effect (Bonferroni analysis) at absolute la-
tency of subtracted wave I before the surgery showed
significant changes between the 0 ms and other DOTs
(P<0.05) for all of the SNRs. No significant changes be-
tween the 30 and 60 ms (P>0.05) and also no significant
changes between the (30, 60 ms) and 100 ms DOTS, re-
spectively (P>0.05) were found.

Analysis of data with repeated measures for absolute
latency of subtracted wave I before and after the surgery
showed a significant main effect for DOT

(F,555 210=13-737; P<0.001; 1n*=0.885) and no sig-
nificant main effect for SNR (F, 6 1800-0-003; P>0.05;
1n*=0.026) after surgery. There was also a significant
interaction effect for DOT and SNR (F, ¢, ,=0.173;
P<0.05; 1>=0.292) after the surgery. Figure 3 shows the
trend of change in the latency of wave I differed with an
increase in dOT at 16 kHz signals.

The main effect (Bonferroni analysis) at absolute la-
tency of subtracted wave I after the surgery showed that
for all SNRs, there were significant changes between
the 0 ms and other DOTs (P<0.05) and no significant
changes between the 30 ms and the (60, 100) ms DOTs,
separately (P>0.05). Figure 5 shows the trend of change
in the latency of wave I differed with an increase in DOT
at 8 kHz signals

Repeated measures analysis for absolute latency
of subtracted wave III before and after surgery sepa-
rately revealed a significant main effect for DOT (F
3002100 14-754; P<0.001; 1*=0.739) and no significant
maineffect for SNR(F, ., |.,,,=0.011;P>0.05; 1n*=0.180)
before the surgery. There was also a significant interac-
tion effect for DOT and SNR (F =0.229; P<0.05;
1?=0.452) before the surgery.

12.00, 84.00

Haddadzade Niri., et al. (2025). Auditory Efferent System Function on Auditory Overshoot. BCN, 16(2), 403-416.
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16 kHz (wave | )

2/500

2/000

1/500

Latency wave | (ms)

1/000
0 30 60 100

pre surgery

0 30 60 100

post surgery

Delay Onset Time(DOT(ms))

ESNROdB SNR 5 dB

SNR 10 dB

SNR 15 dB SNR 20 dB

Figure 3. Chart showing that the trend of change in the latency of wave I differed with an increase in dOT at 16 kHz signals

Note: Pre-surgically, the latency increased from 0 to (30, 60) ms DOTs and then decreased from 60 to 100 ms DOTs (P<0.05).
Post-surgically, the latency increased from 0 to 100 ms DOTs (n=8).

The main effect (Bonferroni analysis) at absolute laten-
cy of subtracted wave III before the surgery determined
that for the 0 dB SNR, there were no significant changes
between the 0 ms and (30, 60 ms) DOTs (P>0.05) and
significant changes between the 0 and 100 ms DOTs and
between the (30, 60 ms) and 100 ms DOTs (P<0.05).

No significant changes existed between the 0 and 30
ms DOTs for 5 dB SNR (P>0.05). For the other SNRs,
there were significant changes between the 0 ms and
other DOTs and also between the (30, 60 ms) and 100
ms DOTs (P<0.05). No significant changes occurred be-
tween the 30 and 60 ms DOT for all SNRs (P>0.05).

16 kHz (wave Il1)

4/500
4/000
3/500
3/000
2/500
2/000
1/500

Latency wave Il (ms)

0 30 60 100

pre surgery

0 30 60 100

post surgery

Delay Onset Time(DOT(ms))

ESNROdB SNR 5 dB

SNR 10 dB

SNR 15 dB SNR 20 dB

Figure 4. Chart showing that the trend of change in the latency of wave III differed with an increase in DOT at 16 kHz signals

Note: Pre-surgically, the latency increased from the 0 to (30, 60) ms DOTs and then decreased from the 60 to 100 ms DOTs
(P<0.05). Post-surgically, the latency increased from 0 to 100 ms DOTs (n=8).
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8 kHz (wave I)

2/600
2/400
2/200
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1/800
1/600
1/400
1/200
1/000

Latency wave | (ms)

0 30 60 100

pre surgery

0 30 60 100

post surgery

Delay Onset Time(DOT(ms))

ESNR O dB SNR 5 dB

SNR 10 dB

SNR 15 dB SNR 20 dB

Figure 5. Chart showing that the trend of change in the latency of wave I differed with an increase in DOT at 8 kHz signals

Note: Pre- and post-surgically, the latency increased from 0 to 100 ms DOTs (P<0.05) (n=8). Pre- and post-surgically, the latency

increased from 0 to 100 ms DOTs (P<0.05) (n=8).

Analysis of data with repeated measures for absolute
latency of subtracted wave III before and after the sur-
gery separately showed no significant main effect for
DOT (F,, ,,,,=17-596; P<0.001; 1n*=0.860) and not a
significant main effect for SNR (F 400, 28.00-0-065; P>0.05;
1*=0.129) after the surgery. DOT and SNR also had a
significant interaction effect (F =0.446; P<0.05;
n>=0.258) after the surgery.

12.00, 84.00

The main effect (Bonferroni analysis) at absolute la-
tency of subtracted wave III after surgery showed that
for all SNRs, there were significant changes between
the 0 ms and other DOTs (P<0.05) and no significant
changes between the 30 ms and the (60, 100) ms DOTs
separately (P>0.05). Figure 6 shows the trend of change
in the latency of wave III differed with an increase in
DOT at 8 kHz signals.

Immunohistochemical staining

We used immunohistochemical staining for acetylcho-
linesterase (ACHE) to confirm the interruption of the
AENS. Figure 7, parts a and b, demonstrates the signifi-
cant decrease in cochlear cholinesterase staining after
IVN and SVN transection compared to a normal, control
cochlea. Transection of the VN consequently reduced
the cholinesterase in the right cochlea of the case group.
The density of spiral ganglion fibers (arrow) was signifi-
cantly reduced, although not eliminated. No decrease in

cholinesterase staining was detected in the right cochleae
of the control group (B).

4. Discussion

Our study aimed to investigate the effect of AENs’
functions on the auditory electrophysiological overshoot
and then introduce an objective tool for examining one
of the AENs’ performances. Therefore, we studied the
effect of low- and high-frequency stimuli on electro-
physiological overshoot and the trend of ABR changes
in different DOTs in a guinea pig model of auditory de-
efferentation. The model was developed when the AENs
were sectioned at the entry point into the internal acous-
tic canal from the cerebellum side. Then, the absolute
latencies of waves I and III obtained by subtraction of
the waveform generated by the noise and signal together
from that by noise alone were compared before and af-
ter the interruption of the nerves. ABR was measured at
two different frequencies (16 and 8 kHz), separately with
DOTs of 0, 30, 60, and 100 ms between the noise and
signal for the five SNRs.

Considering different DOTs at 16 kHz before the sur-
gery, the latency of waves increased from 0 to 30 ms, un-
changed from 30 to 60 ms, and decreased from 60 to 100
ms, but at 8 kHz increased significantly from 0 to 100
ms. After the surgery, the trend of changes at 16 kHz was
different and increased from 0 to 100 ms. However, there
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Figure 6. Chart showing that the trend of change in the latency of wave III differed with an increase in DOT at 8 kHz signals

Note: Pre- and post-surgically, the latency increased from 0 to 100 ms DOTs (P<0.05) (n=8).

was no change in the course of changes at 8 kHz. As
shown in our previous study, the trend of changes was
more evident in the latency of wave I compared to the
latency of wave III. Therefore, ABR, especially primary
waves (wave I) at different DOTSs, showed the expected
overshoot-like effect. This means that the detectability of
the signal (decrease of wave’s latency) was better when
the DOT was increased, as seen in our previous study.

In psychoacoustic studies, it has been said that with in-
creasing DOT over a certain period of noise onset, changes
in signal detectability are almost constant, and then it will
be better. McFadden et al. (2010) reported that detectabil-
ity remained constant for at least 20—30 ms of signal delay
and gradually improved toward its maximum. Thus, there
was a “hesitation” before detectability began to improve,
and its duration was similar to that seen in physiological

Figure 7. A) Cholinesterase staining in a guinea pig cochlea 20 days after VN transection, B) Cholinesterase staining in a control

guinea pig cochlea

Abbreviations: SV: Scala vestibuli; SM: Scala media; ST: Scala tympani; RM: Reissner's membrane; TM: Tectorial membrane; BM:

Basilar membrane; SG: Spiral ganglion.

Note: In (B), dark staining is seen in spiral ganglion fibers, which appeared normal. Staining is significantly reduced or absent in (A).
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measurements of the medial olivocochlear function. In
other words, the time histograms of auditory ipsilateral
and contralateral efferent nerve function indicated a peak
of 20 to 45 ms (Brown, 1989; Robertson & Gummer,
1985). In the present study, the absence of changes in the
latency of waves before the surgery and changes after the
surgery at a time interval between 30 to 60 ms at 16 kHz
stimulus (high-frequency) could be related to the probable
effect of the AENs. However, wave (I and III) latencies
between 30 to 60 ms DOT were changed at 8§ kHz. As
shown in previous psychoacoustic studies, the magnitude
of overshoot is greater at high-frequency and is lesser at
low-frequency stimuli.

To investigate the probable effect of the efferent system
on auditory overshoot, transection of the entire efferent
bundle as it enters the medial aspect of the internal au-
ditory canal was considered. A convenient and valuable
tool for confirming the location of the efferent pathway
between the brainstem and the cochlea is immunohisto-
chemical staining for ACHE, which is consistently iden-
tified and traced in and around cochlear structures asso-
ciated with efferent innervation. Cholinesterase staining
in a de-efferented cochlea 20 days after transection was
significantly reduced or absent, but it was normal in the
control guinea pig’s cochlea. So, the transection proce-
dure and de-efferented model were confirmed. It can be
concluded that the AENs were affected and destroyed in
the case group, and those in the control group were intact
and healthy.

After the surgery, with transection of the AENS, the
trend of changes differed: The latency of waves I and
III increased from 0 to 100 ms DOTs at 16 kHz stimu-
lus. There was no “hesitation” before detectability im-
proved at 30 to 60 ms. As mentioned, the hesitation
has been related to the AENs’ performance; thus, the
absence of a plateau in our post-surgery data between
30 and 60 ms DOT could be explained. This means that
the auditory efferent increases SNR when a signal is
masked by noise, thereby enhancing the encoding of the
signals in the noise (Nieder & Nieder, 1970; Tomchik
& Lu, 2006). With a greater DOT, the effect of effer-
ent nerves decreases, and the detectability of the ABR
waves increases, reducing the latency and increasing the
amplitude, especially for earlier waves such as wave 1.
It can be concluded that increasing the latency of waves
from 0 to (30- 60) ms and the plateau between 30 to 60
ms DOT, which was abolished after AENS transection, is
explained by AEN function.

Basic and Clinical

At the 8 kHz stimulus, the course of changes was simi-
lar before and after the surgery: The latency of waves I
and III increased from 0 to 100 ms DOT, and the over-
shoot phenomenon was not evident. Our previous study
also reported that an increase in DOT would decrease the
latencies of the waves and increase their amplitudes. In
the current study, by comparing the changes in the vari-
ables mentioned between the 16 kHz and 8 kHz stimuli,
the overshoot phenomenon could be observed at 16 kHz
and, to a lesser extent, at 8 kHz stimuli. It showed that the
auditory overshoot is frequency-dependent. As in another
study, the magnitude of the overshoot was influenced by
the frequency of the signal; the higher the frequency, the
magnitude of variation (Liberman & Gao, 1995; Liber-
man & Guinan, 1998; Walsh et al., 2010). As for psycho-
acoustic overshoot, the effect of the noise on the signal
decreases, and signal detection becomes easier (Fletcher
et al., 2013). The detectability of the signal in our study
reflecting the neural activity became much easier.

As mentioned, the proposed factors or mechanisms that
influence overshoot are peripheral and central (Keefe et
al., 2009; Lichtenhan et al., 2016; Walsh et al., 2010).
The role of attention and efferent nerve function as cen-
tral factors has been linked to overshoot (Guinan, 2018).
In psychoacoustic overshoot studies, the listener is alert
and attends to the task. As a result, attention attenuates
irrelevant auditory stimuli through the function of the
caudal efferent system (Overson et al., 1996; Schmidt &
Zwicker, 1991). In our study, the guinea pigs were anes-
thetized. It is thought that anesthesia diminishes the ef-
fect of attention and the medial olivocochlear reflex. To
reduce the impact of the noise, we subtracted waves due
to noise alone from waves produced by the combination
of signal and noise. Subtraction of the waves lessened
the effect of noise on the signal, and essential features
were extracted.

Moreover, in the case of anesthesia, the functioning of
the AENS is reduced but not eliminated. Therefore, com-
paring the magnitude of the overshoot phenomenon in
psychoacoustic studies (attending subjects) with electro-
physiological studies (anesthetized animals) is difficult.
Thus, the present study only tracks this phenomenon as
an electrophysiologic tool and the effects of the AENs’
function on them. Even though the efferent nerve func-
tion decreased, it did not disappear completely (Cham-
bers et al., 2012); therefore, the magnitude of electro-
physiological overshoot was somewhat lower.
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In examining the post-intervention changes due to
DOTs, as shown in Figures 3, 4, 5 and 6, the latency of
the waves relative to the pre-intervention period slightly
increases despite the lack of change in hearing threshold.
It can be attributed to the effect of AENs function on the
performance of the afferent system (Zheng et al., 1999).
In our study, the noise was broadband, while the signal
was a tone burst and transient. It is known that the medial
olivocochlear reflex minimizes the steady response to
the noise by auditory nerve fibers, thereby maximizing
the response to a transient signal and making the signal
easier to detect. To reach the extent of the changes re-
lated to the phenomenon of overshooting compared with
psychoacoustic studies and to evaluate the magnitude
of the overshoot phenomenon, we used different SNRs.
We studied the amplitude of the waves by conveying the
changes due to the increase in the signal intensity com-
pared with the noise. Concerning the variability of wave
amplitude and the effect of subtracting the waves from
each other, we did not achieve significant results in using
this parameter, so our focus was on the changes created
at the latency of the waves.

5. Conclusion

Comparing the trend of changes in latency of waves at
different DOTs, especially the lack of changes at 30-60
ms, speculate that the efferent system influenced the au-
ditory electrophysiological overshoot. By transection of
AEN:S, the overshoot phenomenon using the ABR para-
digm disappeared, and the effect of the efferent system
on the overshoot was confirmed.

In the present study, the overshoot phenomenon was
observed at 16 kHz and not at 8 kHz, so we can claim
that the detected overshoot is frequency-dependent.

The findings of this study relate only to the study it-
self and cannot be generalized. Further understanding of
changes in waves occurring due to changes in the other
DOTs and different frequencies in un-anesthetized con-
ditions is required.
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