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Abstract Tinnitus is a symptom of various disorders that

affects the quality of life of millions people. Given the

significance of the access to an objective and non-invasive

method for tinnitus detection, in this study the auditory

brainstem response (ABR) electrophysiological test was

used to diagnose salicylate-induced tinnitus, in parallel

with common behavioral tests. Wistar rats were divided

into saline (n = 7), and salicylate (n = 7) groups for

behavioral tests, and salicylate group (n = 5) for the ABR

test. The rats were evaluated by pre-pulse inhibition (PPI),

gap pre-pulse inhibition of the acoustic startle (GPIAS),

and ABR tests, at baseline, 14 and 62 h after salicylate

(350 mg/kg) or vehicle injection. The mean percentage of

GPIAS test was significantly reduced following salicylate

administration, which confirms the induction of tinnitus.

The ABR test results showed an increase in the hearing

threshold at click and 8, 12, and 16 kHz tones. Moreover, a

decline was observed in the latency ratio of II-I waves in all

tone burst frequencies with the highest variation in 12 and

16 kHz as well as a decrement in the latency ratio of III-I

and IV-I only in 12 and 16 kHz. ABR test is able to

evaluate the salicylate induced tinnitus pitch and confirm

the results of behavioral tinnitus tests. GPIAS reflexive

response is dependent on brainstem circuits and the audi-

tory cortex while, ABR test can demonstrate the function

of the auditory brainstem in more details, and therefore, a

combination of these two tests can offer a more accurate

tinnitus evaluation.
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Introduction

Tinnitus or illusive perception of sounds affects 15–17% of

the population, 2% of them experience severe and disabling

tinnitus [1, 2]. It can affect the daily life and decrease the

quality of life [1, 3, 4]. Despite the growing knowledge in

the latest decades, the neurological and biological mecha-

nisms of tinnitus are still not well understood. In this

regard, the animal studies can play a decisive role in

understanding tinnitus generation and development; how-

ever, displaying and evaluation tinnitus in animals is a

challenging issue [2, 5, 6]. Two common method for tin-

nitus induction includes salicylate injection and exposure

to noise. High doses of salicylate have been widely

employed in animal studies due to its rapid and reversible

effect on tinnitus induction [7–9]. Moreover, in contrast to

noise with the induction rate of 30–80%, salicylate can

induce tinnitus with a higher efficiency [1]. Following oral

and parenteral salicylate, tinnitus will occur in several

minutes and will fade within 72 h after the last dosage

[2, 7, 10].

One of the main concerns in tinnitus assessment is the

lack of an objective and reliable evaluation method [1, 2].

Introduction of a cost-effective and objective method could

be a good step in facilitating the assessment of the neural

mechanisms underlying tinnitus [11]. Turner et al. (2006)

proposed a behavioral assessment method based on the

acoustic startle reflex. This approach does not require water

and food deprivation, negative shock, months of training,

and memory performance [2, 10, 12]. Acoustic startle

reflex occurs in all mammalians, which is created by the

contraction of the main muscles following unpre-

dictable intense sounds. This reflex can be attenuated by

embedding a silence gap in the background noise

[10, 12, 13]. The ratio of the startle stimulus amplitude in

the un-gapped trials to those of the gapped trials can be

calculated as the ratio of the gap pre-pulse inhibition of the

acoustic startle (GPIAS) test. Despite the significance of

the GPIAS test in tinnitus evaluation, there are some doubts

about its validity [6, 14], for example due to the variety of

responses in different studies [4, 6, 12]. Moreover, there is

a possibility of a significant decrease in the startle ampli-

tudes and false-positive results of tinnitus because of

reduced response dynamic range [14].

Although recent advances in brain imaging techniques

are largely useful in identifying neural correlations of
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tinnitus, their validity, efficiency, and, above all, cost-ef-

fectiveness for tinnitus assessments have not yet been

established. These tests also lack the necessary temporal

sensitivity to the degree of neural synchronization [11].

The auditory brainstem response (ABR) test is an early

auditory evoked potential that exhibits cochlear, auditory

nerve, and brainstem activity. This test is commonly used

to assess the auditory function of animals in various stud-

ies. In this study, we tracked the changes in the latency and

amplitude of ABR waves and; introduce it as a supple-

mentary test for behavioral assessments of tinnitus.

Materials and Methods

Animals and Experimental Design

Male Wistar rats (weighing, 250–320 g, 3 months old)

were purchased from Iran University of Medical Sciences.

All rats were maintained under standard laboratory condi-

tions including 12-h light/dark cycle (lights on at 7:00

a.m.), the temperature of 22 ± 2 �C and humidity of

53 ± 2, and free access to food and water. All

experiments were carried out based on the guide for the

care and use of laboratory animals (National Institutes of

Health Publication No. 80–23, revised 1978) and confirmed

by the Ethics Committee of Iran University of Medical

Sciences (IR.IUMS.REC.1399.402).

Nineteen rats, with a normal hearing threshold and the

mean percentage of GPIAS response of C 25 were inclu-

ded in this study. The rats were randomly allocated into

saline group (n = 7), and salicylate group (n = 7 for

behavioral tests and n = 5 for the ABR test) and were

handled for 5 days before conducting the ABR test and

habituated to the test environment (10 min/day, total of

5 days, without stimulus presentation) before behavioral

assessments [15, 16]. The tests were performed at baseline,

14 and 62 (wash-out) hours post salicylate or saline

injection (Fig. 1a, 2a).

Drug Administration

Sodium Salicylate (Merck, CAS 54–21-7) was freshly

dissolved in 0.9% saline at a concentration of 175 mg/ml

and intraperitoneally injected at the dose of 350 mg/kg.

The rats in the saline group received the same volume of

c d

a b

Fig. 1 The effect of salicylate administration on GPIAS and PPI

tests. a Schematic illustration of experimental design of behavioral

tests. Rats were handled and hearing threshold was evaluated by the

ABR test 5 days before behavioral tests. Animals were placed in the

behavioral test box (10 min/day, total of 5 days, without stimulus

presentation) for habituation. Tinnitus evaluation was performed by

the GPIAS and PPI tests on baseline, 14 and 62 (wash-out) hours after

salicylate or saline injection. b Schematic illustration of PPI and

GPIAS tests stimuli. c, d The effect of saline and salicylate

administration (350 mg/kg) on the GPIAS and PPI tests are presented

as mean ± SEM. The differences between groups were determined

by two way RM ANOVA followed by Tukey test. *P\ .05 and

**P\ .01
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saline (2 ml/kg). After salicylate injection, the rat’s

behavior was aggressive as mentioned in previous studies

[1, 17]. To reduce the effect of rat’s aggressive behavior on

the results of the pre-pulse inhibition (PPI) and GPIAS

tests, in the pilot study (data not shown), the tests were

repeated at different time points after injection and the best

time point of 14 h post injection was used for the rest of

experiments.

b

d

f
e

a

c

g

Fig. 2 The effect of salicylate administration (350 mg/kg) on the

ABR test. a Schematic illustration of experimental design of the ABR

test. Animals were handled and hearing threshold and tinnitus

evaluations was performed by the ABR test using click and tone burst

(4, 8, 12, 16 kHz) stimuli at 70 dBSPL on baseline, 14 and 62 (wash-

out) hours after salicylate injection. b The effect of salicylate

administration on hearing threshold. c Representative waveform of

ABR befor and after salicylate injection. d–g Latency ratio of ABR

waves (d; II-I, e; III-I, f; IV-I, g; V-I). The data are presented as

mean ± SEM. The differences between groups were determined by

one way RM ANOVA followed by Tukey test. *P\ .05, **P\ .01

and, ***p\ .001 vs. baseline, #P\ .05 and ##P\ .01 vs. post 14-h
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Behavioral Assessments

Tinnitus induction in animals was evaluated by PPI and

GPIAS behavioral tasks. The tests were performed using

the SR-LAB system (San Diego Instrument, San Diego,

CA) inside a Plexiglas chamber, mounted on a platform

with a sensitive piezoelectric transducer inside an acoustic

chamber. Moreover, a secondary acoustic chamber was

used to reduce the background noise level in the test

chamber. All stimuli were generated using a high fre-

quency speaker inside the chamber located in the center of

the Plexiglas. The speaker output was calibrated using

sound level meter (SLM, Bruel-kjaer 2230, Denmark)

before behavioral assessments. The stimuli were performed

according to the study by Turner and Parrish [12]. The

startle stimulus was a 20 ms broadband noise (BBN) at 115

dBSPL. The pre-pulse signal was a 50 ms BBN at 60

dBSPL, with a 50% probability, 100 ms before the startle

stimulus. The GPIAS test was performed in the presence of

continuous background noise at 60 dBSPL, 50% of trials

included a gap (50 ms duration, 1 ms rise/fall times),

100 ms before the startle stimulus (Fig. 1b). Each PPI or

GPIAS test session started with a two-minute acclimati-

zation period, followed by two startle stimulus trials, which

the data of these two first trials were not used in the

analysis of the results [18]. Then, 20 trials were presented

in a quasi-random manner with stimulus intervals of 15 to

20 s. To eliminate the possible effect of the test sequence

in each group, evaluations were started with the PPI test for

half of the rats and with GPIAS for the next half. The

amplitude of the startle response (SR) will be reduced if the

animal can detect the pre-pulse (SRpp) or gap (SRg); while

the presence of tinnitus probably prevents the gap detection

and decreases the startle response [18]. Finally, the inhi-

bition percentage was extracted according to the following

formula: ((SR-SRg or pp)/SR9100).

ABR Test

The ABR test was performed using an electrophysiological

device (Biologic / Navigator pro, USA) in an acoustic

chamber under anesthesia by ketamine (80 mg/kg i.p) and

xylazine (10 mg/kg i.p). A high frequency speaker was

placed in the acoustic chamber at a distance of 3 cm from

the right ear of the rat. Prior to the test, the speaker output

was calibrated using SLM (Bruel and Kjar type 2209,

Denmark). Acoustic stimuli consisted of click and tone

bursts (4, 8, 12, and 16 kHz with a duration of 5 ms,

rise/fall time of 2 ms) from the intensity of 70 dBSPL to

the threshold level. The average of ABR waves (n = 1024

sweep) were obtained in a 10.56 ms time window with a

30–2000 Hz band pass filter, a rate of 13.1/s, alternate

polarity, and 9 5000 amplification. The ABR waves were

recorded by subcutaneous needle electrodes (positive

electrode on vertex, reference electrode under the right

earlobe, ground electrode under the left earlobe). Before

the test, the impedance of the electrodes was checked and

kept below 5 k X and the difference between electrodes

was less than 2 k X. During the test, the rat’s rectal tem-

perature was controlled and maintained at 37 ± 1 �C with

a non-electric heating pad.

The hearing threshold, the lowest intensity level that

causes a repetitive response wave, for all rats was first

tracked by the ABR test (data not shown). Wave II, as the

predominant ABR wave in Wistar rats (19), was used to

determine the threshold. The latency (ms) and amplitude

(lV) of waves (I to V) were measured at 70 dBSPL. Since

wave I is the only ABR that is generated from a specified

and approved generator and in order to reduce the vari-

ability of the waves (especially their amplitude), in all

analyzes, the amplitude and latency of wave I was con-

sidered as a reference. The amplitude and latency of other

waves (II to V) were reported and analyzed relative to

wave I.

Statistical Analysis

Statistical analysis was carried out using Prism v9 soft-

ware. The repeated measures ANOVA (RM ANOVA) was

employed for analysis. The normal distribution of the data

was verified by D’Agostino-Pearson omnibus (K2); while

their homoscedasticity was explored by Bartlett and

Spearman’s test. When the hypothesis did not hold for the

parametric tests, non-parametric test (Friedman test) was

applied. Tukey’s multiple comparisons test was utilized to

analyze the significance in various subgroups. P\ 0.05

was considered statistically significant. The results were

reported as mean ± SEM.

Results

The Effect of Salicylate Administration

on Behavioral Tests

As shown in Fig. 1c, RM ANOVA analysis of the GPIAS

test results showed significant differences in salicylate

group responses at baseline and 14 h post salicylate

injection, as well as 14 and 62 (wash-out) hours post sal-

icylate injection (p = 0.0295 and, p = 0.0099, respec-

tively); while the PPI test results were almost constant

(Fig. 1d, p[ 0.05). In the saline group, GPIAS and PPI

tests results were not significant (Fig. 1c,d, p[ 0.05); but

the GPIAS response of salicylate group was significantly

reduced in compared with saline group at 14 h post

injection (Fig. 1c, p = 0.0239).
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The Effect of Salicylate Administration on the ABR

Test

As shown in Fig. 2b, RM ANOVA analysis of hearing

threshold results indicated significant differences between

baseline and 14 h post salicylate injection at click and 8,

12, and 16 kHz tones (p = 0.0067, p = 0.0088, p = 0.0071

and, p = 0.0006, respectively); as well as at click, 8 and

16 kHz tones in 14 and 62 h post injection (p = 0.0371,

p = 0.05 and p = 0.0043, respectively). The latency ratio

of II-I waves was significantly different in baseline and

14 h post salicylate injection at all frequencies of tones

(more profound at 12 and 16 kHz, Fig. 2c,d, p = 0.0287,

p = 0.0155, p = 0.0043 and p = 0.0081, respectively); also

Table 1 Summary of behavioral evaluations of salicylate-induced tinnitus

Author Animal Dose of

salicylate

(mg/kg)

Method Stimuli Gap duration

& rise/fall time

Criterion for deficit

This

article

W-rat 350 GPIAS Gap in 60 dBSPL BBN 50-ms & 1-ms Pre vs. 14-h post &

salicylate vs. saline group

;

in BBN

Turner &

Parrish

[12]

FBN-rat 0, 150,

250,

300 &

350

GPIAS Gap in 60 dBSPL BBN or

NBN (4, 8, 10, 12, 16, 20,

24 & 32 kHz)

50-ms & 1-ms Pre vs. 2-h post ;

in BBN only in

300 & 350

(mg/kg)

Berger

et al.

[6]

P-guinea

pig

350 GPIAS Gap in 70 dBSPL BBN or

NBN (5, 9, 13, 17 kHz)

50-ms & 2-ms Pre vs. 2-h post & pre vs.

5-h post

;

in BBN &

9 kHz NBN

Sun et al.

[20]

SD-rat 250 GPIAS Gap in 70 dBSPL BBN 50-ms &

-Onset/offset

gap:0.1-ms

-Onset-gap:0.1 -

ms rise & 25-ms

fall time

-Offset-gap: 25-ms

rise & 0.1-ms

fall time

Pre vs.1-h post

& Pre vs. 3-h post

-Offset-gap: ;

-Onset-gap: :

-Onset-offset

gap: ;

in BBN

Yang

et al.

[2]

SD-rat 150 or

250

GPIAS

SIPAC

Gap in 60 dBSPL NBN (6, 12,

16 kHz)

SIPAC: 16 kHz tone or NBN

(2, 4, 8, 16, 20 kHz) at

40–60 dBSPL

50-ms & 5-ms Pre vs. 1-h post

& pre vs. 2-h post

GPIAS: ; in

16 kHz

SIPAC: ;

Yi et al.

[4]

SD-rat 400 GPIAS Gap in 65 dBSPL NBN (6, 12,

16 kHz)

50-ms & 5-ms Control group vs. 2-h post

acute & 1-day post

chronic injection

GPIAS: ;

in 12, 16 kHz

after chronic

injection

Martel

et al.

[13]

J-guinea

pig

300 GPIAS Gap in 65 dBSPL BBN or

NBN (9, 13, 17 kHZ)

50-ms & 5-ms Pre vs. 30-m to

3-h post

;

in 13,17 kHz

Su et al.

[23]

W-rat 350 GPIAS Gap in 60 dBSPL NBN (6, 12,

16, 20, 24 kHz)

75-ms Pre vs. 1-h post ;

in 12, 16, 20,

24 kHz

Fang

et al.

[3]

W-rat 300 GPIAS Gap in 65 dBSPL NBN (8, 12,

16, 20 kHz)

50-ms Control group vs. 4-h post ;

in 12, 16 kHz

Liu &

Chen

[22]

W-rat 300 GPIAS Gap in 65 dBSPL NBN (6, 12,

16, 24, 32 kHz)

50-ms & 5-ms Pre vs. 2-h post ;

in 16, 24,

32 kHz

BBN: broad band noise NBN: narrow band noise ;: Significant reduction :: Significant increased W: Wistar SD: Sprague Dawley FBN: Fischer

Brown Norway J: Juvenile P: Pigmente m: minutes h: hour
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at 12 kHz tone in 14 and 62 h post salicylate injection

(p = 0.0129). Additionally, a significant difference was

observed in the latency ratio of III-I waves in baseline and

14 h post salicylate injection at 12 kHz tone (Fig. 2e,

p = 0.0025); as well as at 12 and 16 kHz tones in 14 and

62 h post injection (p = 0.0077 and p = 0.0105, respec-

tively). The latency ratio of IV-I waves showed significant

difference in baseline and 14 h post salicylate injection at

12 and 16 kHz tones (Fig. 2f, p = 0.019 and p = 0.0012,

respectively); moreover in 14 and 62 h post salicylate

injection at 12 kHz tone (p = 0.0056). The latency ratio of

V-I waves and amplitude ratio of none of the ABR waves

(II/I, III/I, IV/I, and V/I) was not significant (p[ 0.05).

Discussions

The results of the current study showed that the inhibition

percentage of the GPIAS test was significantly different in

the salicylate group baseline and 14 h post injection, which

almost returned to baseline at 62 h post injection. These

results are consistent with previous studies on salicylate-

induced tinnitus [2, 12, 20]. Some animal studies have

suggested that salicylate administration induces tonal tin-

nitus [2, 4, 13], while others, like the current study, have

demonstrated an induction of pseudo-noise tinnitus

[6, 12, 20, 21]. However, in studies relying on tonal tin-

nitus, different pitches of salicylate-induced tinnitus (e.g. 9,

12, 13, 16, 17, 20, 24, 32 kHz) [2–4, 6, 13, 22, 23] (Table1)

have been shown. According to Turner hypothesis, if ani-

mals or humans suffering from tinnitus constantly hear an

imaginary sound, that partially fills the gap in a background

noise, the gap must still be detectable; therefore, the

GPIAS deficit can be only observed if the background

noise is matched with the intensity and pitch of the tinnitus

[10, 12]. This hypothesis may be best relevant to humans

but is under question for the animals due to their lack of

awareness of the characteristics of tinnitus processing.

Contrary to general belief, animal tinnitus rarely encom-

passes only one frequency and often includes a wide range

of frequencies [10]. These discrepancies have also been

observed in human studies; despite the high-pitch of tin-

nitus (11 and 16 kHz) estimated by psychoacoustic mea-

surements in individuals, the GPIAS deficit was observed

in both low and high-frequency ranges (500 and 4 kHz)

[10]. Moreover, an evidence suggests that at very high

Table2 Summary of the ABR tests for salicylate-induced tinnitus

Author Animal Dose of

salicylate

(mg/kg)

Time Stimulation Results Threshold

Amplitude Latency

I II III IV V II/I III/I IV/I V/

I

This article W-rat 350 Pre vs. 14-h

post

Click & Tone bursts (4, 8,

12, 16 kHz)

- - - - - -

/

-

/

-

/

- :

Duron

et al.

[26]

SD-rat 150 Pre vs. 30 &

90-m post

Tone bursts (6, 10, 12,

16 kHz)

- - -

/

-

/

- - - - :

Castañeda

et al.

[27]

SD-rat 350 (3 day) Pre v. 2-h

post

& 1, 2, 3-

day post

Tone bursts (4, 8, 16, 24,

32 kHz)

;

?

:

/

:

/

:

/

- : - : : :

Lowe &

Walton

[11]

CBA/

CaJ

mouse

250 Pre vs. 2-h

post

Modified GIN (centered at 6,

12, 16, 20, 24 kHz)

& Tone bursts (6, 12, 16, 20,

24, 36 kHz)

;

?

- - ;

/

- : - : - :

Liu &

Chen

[22]

W-rat 300 Pre vs. 2-h

post

Forward masking (centered

at 6, 12, 16, 24, 32 kHz)

- : - : - :

/

- :

/

:

-

:

Fang et al.

[3]

W-rat 300 (8 day) Pre vs. 8-day

post

Tone bursts (8,16, 24,

32 kHz)

- - ; - - - - - - -

Sawka &

Wei [8]

SD-rat 250 Pre vs. 2-h

post

Tone bursts (4, 8, 12, 16,

20 kHz)

- ; - - ; - - - - -

Amplitude and threshold (; reduced / : increased) Latency (? prolonged / / reduced) (—no-changed or not-tested) W: Wistar SD: Sprague

Dawley m: minutes h: hour GIN: Gap In Noise
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doses of aspirin, the tinnitus perception changed logically

from tonal to cricket-like [7].

The mechanism of salicylate-induced tinnitus is not well

understood and appears to be multifactorial [13]. The

variety of behavioral responses in different studies could be

attributed to many factors like; the use of different animal

species and breeds, interval between gap and startle,

duration, depth and On-set / Off-set time of the gap, long

evaluation times, the dose of salicylate treatment and low

sample volume in each group (according to the high SD of

test) [4, 6, 10, 12, 13, 15, 20]. In the present study, in

contrast to the study by Yi et al. (2016), acute salicylate-

induced tinnitus was detected by the GPIAS test. In their

study, the baseline evaluation was not performed and only

intergroup comparisons were done [4], which might be the

main reason for showing no GPIAS deficit in their study in

response to acute salicylate injection. Other studies have

also emphasized the need to achieving stable baseline

suppression responses before assessment of tinnitus in

animals when using the GPIAS test [15, 24]. Considering

the high SD and SEM and the wide variety in animal

responses of one species and the possibility of the negative

startle response is of great importance in the evaluation of

baseline responses [16, 18, 24]. In our study, in addition to

the baseline evaluation, only the animals with the startle

inhibition response of C 25% were included [10, 15].

In the present study, a temporary threshold shift at *
5–20 dBSPL, as in other studies [11, 13, 25], was observed

in individual rats using click and tone burst stimuli (4, 8, 12

and 16 kHz) following salicylate injection, and almost

returned to baseline at 62 h post injection. The results

revealed that the latency ratio of II-I, III-I and IV-I waves

were significantly reduced with prominent differences at

the frequencies of 12 and 16 kHz. The significant results

appeared at specific frequency and it was in accordance

with the possible pitch of the salicylate-induced tinnitus.

Moreover, these changes were not affected by hearing loss,

as decreased sensory input to the auditory nerve must be

accompanied by increased latency. Therefore, such a

reduction in central wave latency probably indicates the

compensation of central structures associated with tinnitus.

In the study of Duron et al. (2020), after injecting a mod-

erate dose of salicylate (150 mg/kg), the latency of waves

III and IV (at 6, 10 and 12 kHz) was significantly

decreased [26]. While in Castañeda et al. (2019) study, the

latency of waves II and IV decreased in response to tone

bursts (8, 16 and 24 kHz) after salicylate administration

(350 mg/kg), the waves latency remained significantly

reduced until 1-day post-administration [27]. Lowe and

Walton (2015) employed the modified gap in noise para-

digm in the ABR test to evaluate salicylate-induced tinnitus

(250 mg/kg). They reported a reduction in P4 (IV) latency

at high-intensity levels [11]. In the study by Liu and Chen

(2015), salicylate injection (300 mg/kg) reduced the

latency ratio of waves II-I and IV-II [22]. The variability

between results could be assigned to the use of tones with

different frequencies and differences in the type of analy-

sis, as some studies have only examined the latency of each

wave, while our study compared the latency ratio of the

waves before and after salicylate injection. Reduction of

Fig. 3 Schematic illustration of

the neuronal pathways of the

ABR and GPIAS tests

responses. CN Cochlear

nucleus; SOC Superior olivery

complex; LL Lateral lemniscus;

IC Inferior colliculus; MGB
Medial geniculate body; AC
Auditory cortex; PPTg
Pedunculopontine tegmental

nucleus; LDTg Laterodorsal

tegmental nucleus; PnC Pontine

reticular nucleus caudal.

Created in Biorender.com
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the ABR waves latency has been rarely considered because

most hearing diseases delay these waves [26]. The waves

latency provides evidence of brainstem function and the

alterations of neurotransmitters after tinnitus induction

[11, 19]. The decline in central waves’ latency implies

overstimulation of neural circuits and increased transmis-

sion time, synchronization, and firing of neurons in the

auditory brainstem following the salicylate-induced tinni-

tus [11].

In our study, the amplitude ratio of the ABR waves was

not different before and after salicylate injection. Since the

ABR responses are recorded from a far-field using rela-

tively high averaging of test stimuli, high variability can be

observed in the waves amplitude. Such variability in

amplitude is well visible even in two consecutive records

of a wave at a supra-threshold intensity. This variability

has also been observed in other studies; the ABR waves

amplitude after salicylate injection was increased in some

studies [11, 22, 27, 28], while others indicated a decline in

this parameter [3, 8]. In line with our results, some studies

also reported unchanged amplitude of ABR waves [26]

(Table2).

In rats, wave I is associated with peripheral auditory

nerve activity, while waves II to V are thought to originate

from central auditory system [1, 11, 19, 27] (Fig. 3). The

ABR waves’ analysis provides the possibility to study the

neural correlations of tinnitus to the auditory nerve,

cochlear nucleus, and middle auditory brain [11].

Conclusion

The nature of the startle reflex response causes behavioral

assessment to be affected by many variables including

animal stress level, baseline evaluation, motor functions

and sample volume. Given that the ABR test can be a good

complement to behavioral tests as it is an integral part of

assessments in most animal studies to determine the hear-

ing threshold. It is independent to the animal cooperation,

insensitive to anesthesia, cost-effective and the specific

frequency method for assessing pitch of tinnitus in all

animals. Moreover, although some of the GPIAS and ABR

generators are the same, but the ABR test shows the

function of the auditory brainstem structures in more

details and the GPIAS test depends on the auditory cortex;

and thus, they can be used to complete each other (Fig. 3).
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