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ABSTRACT

Auditory brainstem response (ABR) is an objective, electrophysiological test that
has been used to assess auditory function for nearly 50 years. Rats are one of the most widely used
rodent species for laboratory studies of the auditory system, which requires standardization for ABR
recording in each laboratory. The aim of the present study was to estimate hearing thresholds using ABR
and tonal stimuli at octave frequencies in healthy adult male Wistar rats.

[VETTLE In this experimental study, 8 adult male Wistar rats were subjected to ABR measurements using
a threshold estimation approach under ketamine/xylazine anesthesia, in accordance with the principles
of working with laboratory animals. Tone burst stimuli were presented at octave frequencies of 2000
to 16000 Hz through an appropriate loudspeaker, and the threshold of tonal stimuli was recorded in a
descending manner by tracking wave Il. Data were analyzed using SPSS software, version 17 and one-
way analysis of variance.

S The mean thresholds obtained at tonal frequencies of 2, 4, 8 and 16 kHz were 21.25+4.43,
10.2742.67, 6.8742.58, and 2.31+3.75 dB SPL, respectively. A statistically significant relationship was
observed between the threshold values and the frequency evaluated (P<0.001).

[@TEERT An inverse relationship between the frequency of the tonal stimulus and the estimated
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Introduction

uditory brainstem response (ABR) has
been a cornerstone in both clinical and
experimental audiology for nearly five
decades, serving as an objective and elec-
trophysiological tool for assessing auditory
function. Unlike behavioral audiometry, which reflects the
entire auditory pathway’s performance, ABR provides in-
sight into peripheral and brainstem auditory structures, spe-
cifically the cochlea, auditory nerve, and nuclei within the
brainstem. Its advantages include non-invasive recording,
relatively simple procedures, and applicability across both
normal and pathological conditions. Given these features,
ABR has been extensively used in both human and animal
studies, particularly when behavioral testing is not feasible.

Rodents, especially rats and mice, have become indispens-
able models in auditory neuroscience. Their auditory system
shares structural and physiological similarities with humans,
and their availability, cost-effectiveness, and ease of mainte-
nance have made them the subject of a wide range of preclini-
cal studies. In Iran, Wistar rats are among the most frequently
used laboratory animals due to their resilience, extended
lifespan, and economic breeding conditions. However, de-
spite widespread application, one challenge in animal ABR
research is the lack of universal standardization across labora-
tories. Variations in species, equipment, anesthesia protocols,
stimulus calibration, and recording techniques complicate
data comparison across studies. Thus, establishing reference
values for frequency-specific ABR thresholds in specific
strains of laboratory animals, such as Wistar rats, is essential.

The present study was designed to estimate hearing
thresholds using frequency-specific ABR responses in adult
male Wistar rats. The primary aim was to standardize ABR
threshold values across octave frequencies ranging from
2 to 16 kHz using tone burst stimuli. Such normative data
could serve as a benchmark for future studies investigating
auditory dysfunction due to pathological conditions, phar-
macological interventions, or environmental exposures.

Methods

This experimental study included eight healthy adult
male albino Wistar rats weighing between 200 and 250
g. Animals were housed under controlled conditions with
free access to food and water, stable humidity (~50%),
temperature (2224 °C), and a 12:12 light-dark cycle.
They were acclimated to the environment for three days
prior to experimentation.
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For ABR recordings (using Biologic/Navigator pro,
US), rats were anesthetized with ketamine (40-90 mg/kg)
and xylazine (5 mg/kg) administered intraperitoneally.
Once sufficient anesthesia was confirmed, the animals
were placed inside a sound-attenuating chamber. Needle
electrodes were inserted subcutaneously at the vertex
(non-inverting), beneath the right ear (inverting), and be-
neath the left ear (ground), creating a vertex-to-mastoid
montage. Electrode impedance was maintained below 5
kQ with inter-electrode differences less than 2 kQ to en-
sure optimal signal quality.

Stimuli consisted of alternating polarity tone bursts at
octave frequencies (2, 4, 8, and 16 kHz). They were de-
livered through a calibrated high-frequency loudspeaker
positioned 5 cm from the right external ear canal at a 30°
angle. Calibration was performed using a sound-level
meter to ensure accurate dB SPL values. Initial stimu-
lus intensity was set at 80 dB SPL, and thresholds were
determined using a descending approach in 10 dB steps,
followed by 5 dB steps near threshold levels. Each stimu-
lus condition was averaged across multiple sweeps to
improve the signal-to-noise ratio. Responses were ampli-
fied (x100,000), band-pass filtered (100-2000 Hz), and
recorded with a 10.33 ms analysis window and 1 ms pre-
stimulus baseline.

The threshold criterion was defined as the lowest stimu-
lus intensity producing a repeatable wave Il in at least two
replicates, with absent responses at 5 dB lower. Data were
analyzed with SPSS software, version 17 using one-way
ANOVA, and significance was set at P<0.05.

Results

Mean body weight of the rats was 233.9+18.9 g. Fre-
quency-specific ABR thresholds were as follows:

2 kHz: 21.25+4.43 dB SPL; 4 kHz: 10.27+2.67 dB SPL;
8 kHz: 6.87+2.58 dB SPL; 16 kHz: 2.31+3.75 dB SPL.

Statistical analysis revealed a significant inverse re-
lationship between frequency and threshold (F=87.46,
df=3, P<0.001). In other words, as stimulus frequency
increased, the ABR threshold decreased. The lowest
thresholds were recorded at 16 kHz, whereas the highest
were at 2 kHz. Post hoc Scheffé analysis confirmed that
the threshold at 2 kHz was significantly higher compared
to the other three frequencies (P<0.001).
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Additionally, amplitude analyses indicated that higher-
intensity stimuli produced larger ABR waveforms across
frequencies. However, at lower frequencies, waveforms
were broader and less sharply defined, suggesting re-
duced synchrony of neural firing compared to higher-
frequency stimuli.

Conclusion

This study provides normative data for frequency-spe-
cific ABR thresholds in adult male Wistar rats, revealing a
significant inverse relationship between stimulus frequen-
cy and threshold levels. High-frequency stimuli yielded
the lowest thresholds, whereas low-frequency stimuli re-
quired higher intensity levels to elicit detectable respons-
es. These findings underscore the importance of consider-
ing stimulus frequency when designing and interpreting
ABR experiments in rodents. Establishing such reference
values enhances cross-study comparability and provides a
foundation for evaluating pathological changes in animal
models of hearing loss. Overall, frequency plays a critical
role in shaping ABR responses in rats, and the standard-
ized data obtained here will support future experimental
studies exploring auditory function, ototoxicity, and po-
tential therapeutic interventions.

Limitations

Several limitations should be considered. First, the fre-
quency range was limited to 16 kHz due to equipment
constraints, preventing the assessment of higher ultrason-
ic frequencies (e.g. 32 kHz), which are within rats’ hear-
ing range. Second, only male rats were tested, excluding
potential sex differences known to influence auditory
processing. Previous studies suggest that hormonal varia-
tions can affect ABR thresholds in female rats.
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