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Introduction

Tinnitus is defined as the perception of a sound, without 
any mechanical or acoustic source.1 The pathophysiology 
of this perception is complicated, and several models 
have been suggested to explain the mechanism of the tin-
nitus.2 One probable cause is the alteration in the balance 
of the excitatory and inhibitory neurotransmitters.2 
Increased spontaneous neural activity in the auditory 
pathway occurs due to the reduction in the level of the 
inhibitory mechanisms, probably by the decrease in the 
level of the gamma-aminobutyric acid (GABA), or 
increased release of the excitatory neurotransmitters, 
such as glutamate.2-4 Various therapeutic strategies have 
been applied so far, but at present, there is no universally 

effective treatment or established standard of care. 
Clinical evidence suggests that limited success has been 
obtained with various medications, including benzodiaz-
epines, anticonvulsants, and antidepressants.5
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Abstract
Objectives: Tinnitus is a common and distressing otologic symptom, with various probable pathophysiologic mechanisms, 
such as an imbalance between excitatory and inhibitory mechanisms. Acamprosate, generally used to treat alcoholism, is 
a glutaminergic antagonist and GABA agonist suggested for treating tinnitus. Thus, we aimed to evaluate the efficacy and 
safety of acamprosate in the treatment of tinnitus.
Methods: The current randomized-controlled trial study included 20 subjects with chronic tinnitus. After performing 
psycho-acoustic, psychometric and electrophysiological evaluations, all studied tinnitus subjects were randomly divided 
into two groups of acamprosate and placebo. The first group received oral acamprosate (two tablets of 333 mg/d, three 
times a day), whereas the second group was given placebo treatment (two tablets, three times a day). After the first 
30 days, all evaluations were repeated for the studied groups just in the same manner before the study. Subsequently, the 
final results of each evaluation were compared together with the baseline values.
Results: Nine studied subjects randomly received acamprosate, whereas eleven others received a placebo. There was 
no significant improvement in the psycho-acoustic tests, except a decrease was observed in the pitch match of tinnitus 
(P = .039). For those subjects who were receiving acamprosate, a significant reduction was observed in tinnitus handicap 
inventory (P = .006), tinnitus questionnaire scores (P = .007), and the visual analog scores (P = .007) compared to 
the placebo group. There was a significant reduction in Action Potential latency (P = .048) as well as an increase in the 
amplitude of distortion product otoacoustic emissions at 4 kHz (P = .048).
Conclusions: The study results indicated a subjective relief of tinnitus as well as some degree of the electrophysiological 
improvement at the level of the cochlear and the distal portion of the auditory nerve among the subjects who received 
the acamprosate.
Clinical trial registration code: IRCT2013121115751N1
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Acamprosate (calcium salt of N-acetyl homotaurine) is 
currently used for the treatment of alcohol dependency. The 
chemical structure of this drug is similar to GABA.6 This 
similarity causes blockage of the pre-synaptic GABA-ergic 
receptors in neural networks, which enhances the release of 
GABA.7 On the other hand, acamprosate decreases the glu-
tamate release by blocking N-methyl-D-aspartate (NMDA) 
receptors.8 Due to the varied function in the regulation of 
inhibitory and excitatory mechanisms in neural networks, 
acamprosate can help to balance the neurotransmitters 
responsible for the tinnitus. Azevedo et al reported the effi-
cacy and safety of acamprosate in decreasing the severity of 
tinnitus evaluated by self-report tests within a three-month 
treatment period.9,10 A similar effect of acamprosate on sub-
jective tests and tinnitus matching in loudness was also 
observed by Sharma et al.11

The current study aimed to determine the efficacy of 
acamprosate treatment on the subjective and objective tests 
in chronic tinnitus subjects.

Methods

This double-blind, randomized controlled clinical trial 
(code: IRCT2013121115751N1) was conducted on adults 
with chronic subjective tinnitus referred to a tertiary aca-
demic referral outpatient center. All subjects gave written 
informed consent, and the protocol was approved by the 
Medical Research Ethics Committee and the Board of 
clinical research at our institute with reference number 
IR.IUMS.REC.1393.9011369004. The study was clearly 
described for the participants, and they signed a written 
informed consent form. The protocol of this study was in 
line with the declaration of Helsinki.

Subjects

Twenty adult subjects with a history of chronic tinnitus who 
admitted to our tinnitus clinic between October 2014 and 
January 2015 were included in this study. The inclusion cri-
teria were: (1) definite diagnosis of chronic subjective idio-
pathic tinnitus (>6 months), confirmed by both an 
audiologist and an otorhinolaryngologist; (2) Age ≥ 
18 years; (3) Normal external and middle ear function 
checked via otoscopy and tympanometry; (4) Behavioral 
pure tone audiometry threshold levels ≤ 20 dB HL in octave 
frequencies of 250 to 2000 Hz and not more than 40 dB HL 
in frequencies of 4000 and 8000 Hz; (5) ability to read, 
speak and write in Persian; (6) Agreement to take part in the 
study and complete the follow-up. The exclusion criteria 
were: (1) History of chronic neurological or auditory dis-
eases; (2) Use of neurological/psychiatric medications 
within the past 3 months; (3) Pregnancy or breastfeeding; 
(4) Temporomandibular disorders; (5) Receiving treatment 
for tinnitus within the past 3 months; (6) Alcohol or drug 

abuse; (7) Head and neck disease or space-occupying 
lesion; (8) tinnitus secondary to a systemic disease.

Measurements and Evaluations

A thorough medical history and physical and psychological 
examinations were obtained for each participant. The tinni-
tus subjective and objective tests were conducted for all the 
study participants before randomization. For participants 
with bilateral tinnitus, the dominant side with more severe 
symptoms was included in the study. In the cases who com-
plained of the same severity on both sides, the measure-
ments for both ears were considered in the analysis.

The audiological evaluations (pure tone audiometry and 
tympanometry) and tinnitus psychoacoustic measurement 
(pitch and loudness matching) were performed for all the 
participants.

Tinnitus Assessment

Tinnitus identification parameters were evaluated using the 
Tinnitus Evaluation Device (TinnED®, designed in ENT 
and Head & Neck Research Center of IUMS, Tehran, 
Iran).12 This device includes six channels to reconstruct the 
Most Troublesome Tinnitus (MTT) with a similar fre-
quency and intensity. The assessed tinnitus parameters 
included Pitch Matching and Loudness Matching of 
Tinnitus (PMT and LMT), Minimal Masking Level (MML) 
and finally the Residual Inhibition (RI). The accuracy of 
the calibrating equipment was sufficient to determine that 
the TinnED® was within the tolerance limits permitted by 
the American Standard Specification for Audiometers, 
S3.6-2004.13 Tinnitus parameters of all studied subjects 
were evaluated pre- and post-Acamprosate. For the tinnitus 
pitch-match test, we used a two-alternative forced-choice 
method. Different pairs of pitch sounds were generated at 
11 frequencies (from 125 Hz to 12 kHz); then decreased or 
increased the pitch, after which the subjects were asked to 
identify which pitch best matched the pitch of their tinni-
tus. Finally, we administered an octave confusion test to 
more accurately determined tinnitus frequency. The tone 
pairs were adjusted to a loudness level equivalent to that of 
the tinnitus before each pair was presented. LMT was 
obtained at each of the test tones used in the pitch-match-
ing procedure. Subsequently, the auditory threshold level 
at that specific frequency (A) was increased in 1-dB steps 
until the subject reported that the external tone equaled the 
loudness of the tinnitus (B). The sound level was then 
slightly raised by 1-dB increments to obtain a threshold, 
which was slightly louder than that of the tinnitus (C). We 
used the mean level of loudness between points (B) and (C) 
as the representative loudness of the tinnitus. The formula 
for the loudness (expressed as decibels of sensation level) 
was as follows:



1112 Annals of Otology, Rhinology & Laryngology 129(11) 

Loudness of tinnitus B C A dB SL      = +( )  ( )/ 2−

The minimal masking level (MML) was measured by nar-
row-band noise on the affected ear until the tinnitus was 
fully covered and after that residual inhibition (RI) was 
measured using a narrow band noise for 60 seconds when 
the intensity was 10 dB over MML. Following an appropri-
ate masking stimulus, tinnitus may remain suppressed for a 
period. This phenomenon is known as “RI.” After deacti-
vating the stimulation, one of the following results may 
occur. These results include Complete Residual Inhibition 
(CRI), Partial Residual Inhibition (PRI), Non-Residual 
Inhibition (NRI) and finally Rebound Effect (facilitated tin-
nitus) leading to some aggravation in tinnitus loudness 
reported by the subjects. When tinnitus remains inaudible, 
even after disengaging the masking stimulus, it is called 
CRI. The term PRI refers to the situation in which the tin-
nitus is reduced but still heard by the patient. While tinnitus 
is remained unchanged, after switching off the masking 
stimulation, it is called NRI. When a degree of rising in the 
loudness level of tinnitus occurred following switching off 
the masking stimuli, it is called the rebound phenomenon.

Self-report Tinnitus Questionnaires

We used the standardized Persian version of the 52-item 
Tinnitus Questionnaire (P-TQ),14,15 which was firstly devel-
oped by Hallam, to evaluate the behavioral side effects of 
tinnitus. The questionnaire was validated with a Cronbach’s 
alpha of 0.95 and test-retest reliability between 0.91 and 
0.94.16 The subscales consist of auditory perceptual diffi-
culties, intrusiveness, sleep disturbances, somatic com-
plaints, emotional and cognitive disturbances.

The standardized Persian Version of Tinnitus Handicap 
Inventory (P-THI),17-19 that was firstly designed by Newman 
et al, consisting of 25 items, was used to describe the func-
tional, emotional, and catastrophic effects of tinnitus on the 
participant’s daily life.

Visual Analogue Scale (VAS) is a psychometric response 
scale to evaluate the impact of tinnitus in daily life in three 
fields of intensity, annoyance, and awareness. When 
responding to VAS, participants specified the loudness, 
annoyance, and disturbance of tinnitus by indicating a 
position along a continuous line between two end-points 
of 0 and 10.

Electrophysiological Procedures

Electrocochleography (ECochG) was performed using the 
Amplaid MK12 system (Amplaid, Milan, Italy). The active 
surface tympanic membrane electrode (Tymptrode) was 
inserted into the lower posterior-inferior region of the 
external auditory canal at the closest point to the tympanic 

membrane. The acoustic stimuli were delivered monau-
rally by a headphone (earphone Telephonics TDH-39 with 
cushion MX-41/AR) to the tinnitus ear. The stimuli were 
alternative 0.1 ms clicks presented at a rate of 7.1 per sec-
ond and a bandpass filter of 30 to 3000 Hz. The responses 
were recorded with 1000 sweeps. The latency of the 
Summating Potentials (SPs) and Action Potentials (AP) 
and the ratio of the SP amplitude and AP amplitude (SP/
AP) were computed.

Auditory Brainstem Response (ABR) was recorded using 
the same setting applied for electrocochleography. The 
stimuli were alternate 0.1 ms clicks presented at a rate of 
11.1 per second and recording bandpass filtration of 30 to 
3000 Hz. The responses were accumulated 2000 times. The 
latencies of waves I, III, and V, were computed.

Distortion Product Otoacoustic Emissions (DPOAE) 
test was performed using ILO92 (Otodynamics Ltd., 
Hatfield, United Kingdom) with three different frequency 
combinations for primary tones (f1 = 818, f2 = 1001 Hz; 
f1 = 1636, f2 = 2002 Hz and f1 = 3281, f2 = 4004 Hz). 
The intensity levels were L1 = 55 and L2 = 65 dB SPL 
and ratios of f1/f2 = 1.22. The evoked responses for 2f1 – 
f2 were assessed.

Randomization and Treatment

We used a simple randomization method by a random num-
ber generating software. After performing the baseline eval-
uations, the studied subjects were allocated to receive either 
acamprosate calcium tablets (Campral®, Forest Laboratories, 
Inc., and New York, USA) or placebo. Two tablets of acam-
prosate (333 mg) were given three times a day (total dosage 
of 1998 mg/day) for 30 days. The placebo tablets were simi-
lar to the acamprosate tablets in appearance and consisted 
of inactive ingredients (mainly starch, Talc, and Magnesium 
stearate), and were prepared in the Incubation Center for 
Pharmaceutical Technologies, Tehran University of medical 
sciences, Tehran, Iran. The placebo group received the tab-
lets in the same frequency and duration of the intervention 
group. The experiment and placebo tablets were delivered 
to the subjects of each group in an identical package by a 
secretary who was unaware of the study protocol. All the 
studied subjects were visited in the second week to ensure 
tolerance and compliance.

At the end of the treatment period, all the tinnitus assess-
ment tests and electrophysiological procedures were 
repeated in the same manner, and all the participants were 
asked to fill in the self-report questionnaires.

Statistical Analysis

All the statistical analyses were accomplished using SPSS, 
version 22.0 (IBM Corp., Armonk, USA). The quantitative 
variables with normal distribution were summarized by 
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means and standard deviations (SDs). Otherwise, they were 
represented as medians and interquartile ranges (IQR). The 
categorical variables were shown as frequency (percent-
age), and they were compared between the groups using the 
Chi-square test. The Wilcoxon signed-rank test was con-
ducted for comparison of the variables before and after 
treatment. A P-value of <.05 was considered statistically 
significant.

Results

Population Demographics and Hearing 
Thresholds

Twenty-four tinnitus subjects met the study criteria and 
were randomized allocated into two equal groups. A pre-
printed pamphlet was given to all subjects with chronic tin-
nitus to be aware of probable medication’s adverse effects. 
Four subjects discontinued the treatment before the end of 
the study due to the gastrointestinal adverse effects or loss 
of interest in continuing medication. There were no other 
notable symptoms or sensations that cause the study per-
sonnel was unblinded to the subject assignment. Finally, 20 
subjects (26 ears) were able to complete the study. Among 
the studied subjects, nine cases allocated in the acamprosate 
group and the other 11 subjects allocated in the control 
group. The age of the participants ranged from 18 to 
60 years, with an average of 40.5 ± 11.5 (41.4 ± 8.6 in the 
acamprosate group and 39.6 ± 13.8 years in the control 
group). All participants reported chronic unilateral (seven 
left and seven right subjects) or bilateral (both ears or in the 
head, six subjects) subjective idiopathic tinnitus lasting for 
at least 6 months (mean = 18.40; SD = 11.50 months) while 
they were intractable to standard treatments for tinnitus. 

The mean duration of tinnitus was 19.3 ± 10.2 months in 
the acamprosate group and 17.7 ± 12.9 in the control group. 
However, there was no significant difference between the 
groups regarding the side of involvement (P = .538).

Pure tone audiometry measurements showed normal to 
the slight sloping sensorineural hearing loss above 4 kHz for 
the 26 ears; the mean threshold of hearing levels at 500, 1000, 
2000, and 4000 Hz frequencies were 5.4 ± 6.0, 4.2 ± 5.0, 5.2 
± 5.4, and 14.4 ± 7.2 dB HL, respectively (Figure 1). The 
mean pure tone average (PTA) for the mentioned frequencies 
was 7.3 ± 4.6 dB HL. However, the comparison of PTA val-
ues showed no statistical differences between the two studied 
groups from before (7.6 ± 5.3 dB HL, in acamprosate) to 
after treatment (7.0 ± 4.1 dB in the control group). No known 
major side-effect related to acamprosate occurred in the inter-
vention group. Only a minor side effect of Acamprosate, that 
is, gastrointestinal problems, occurred in four studied sub-
jects. The treatment was interrupted in three subjects due to 
the severity of symptoms.

Tinnitus Assessment Results

The results of the LMT, PMT, and MML measurements and 
their comparison between the groups before and after the 
intervention are shown in Table 1. No significant difference 
was observed before and after treatment in LMT and MML 
values. The mean PMT values decreased significantly after 
treatment with acamprosate as compared with baseline val-
ues in the intervention group.

The degree of residual inhibition responses and the 
related comparisons are shown in Figure 1. There was no 
significant improvement in RI responses between acampro-
sate and control group, before (P-value: .222) and after 
treatment (P-value: .888).

Figure 1. The comparison of means audiometric thresholds at 250 to 8000 Hz octave frequencies in decibels of hearing level (dB HL) 
across the two study groups.
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Self-report Tinnitus Questionnaires

The median scores of the P-THI and P-TQ questionnaires 
before and after treatment in acamprosate and control 
groups and their corresponding level of significance are 
shown in Table 2. The median scores of the P-THI decreased 
significantly (P = .006) after treatment with acamprosate, 
and the severity of the difficulties reported by the subjects 
shifted from moderate to mild. There was no significant dif-
ference between the intervention and the control groups 
(Table 2). The P-TQ scores decreased significantly after 
30 days of treatment with Acamprosate (P = .007).

The VAS scores in all three subgroups decreased signifi-
cantly after acamprosate consumption. The scores in the 
control group did not change after treatment (Table 3).

Electrophysiological Procedures

Electrocochleography: There was a statistical decline in the 
AP latencies after treatment with Acamprosate (P = .048). 
This reduction did not meet clinical importance because of 
minor differences in marking latency on ECochG waves. 
The comparison of the SP latencies and SP/AP ratios did not 
reach the level of significance in the study groups Table 4).

ABR: Despite the mild decreases in the latencies of the 
waves I and III after treatment in both experiment and con-
trol group, these declines did not reach the significance 
level (Table 5). There was not a remarkable difference 
between wave-V latencies, before and after treatment, in 
experiment and control groups (Table 5). There were no sig-
nificant differences between inter-peak latencies (IPL) of 

Table 1. Comparison of the Mean Values of the Tinnitus Assessment Tests, Before and After Treatment, Between the Acamprosate 
and the Placebo Groups.

Groups

LMT [dB]* PMT [kHz]* MML [dB]*

Before After P-value† Before After P-value† Before After P-value†

Acamprosate group 5.1 ± 2.9 6.9 ± 3.5 .125 5.0 ± 2.8 3.2 ± 2.9 .039* 30.3 ± 23.6 43.5 ±19.9 .145
Placebo group 8.1 ± 4.0 7.7 ± 3.1 .397 6.6 ± 2.4 6.3 ± 2.3 .167 28.5 ± 16.4 30.5 ± 16.1 .515
Intergroup 

comparison P-value
0.076 0.576 _ 0.175 0.018 _ 0.844 0.124 _

Abbreviations: LMT, Loudness Match of Tinnitus; MML, the Minimal Masking Level; PMT, Pitch Match of Tinnitus.
*The values are represented by mean ± standard deviation
†A P-value< .05 was considered statistically significant.

Table 2. Comparison of the P-THI and P-TQ Questionnaires Scores, Before and After Treatment, Between the Acamprosate and 
the Placebo Groups.

Groups

P-THI Score* P-TQ Score*

Before After P-value† Before After P-value†

Acamprosate group 50.0 [42.0, 66.0] 34 [20.0, 45.0] .006 56.5 [42.2, 65.0] 36.7 [22.6, 55.2] .007
Placebo group 40.0 [30.0, 60.0] 39 [28.0, 42.0] .064 59.0 [33.8, 63.5] 48.6 [32.4, 63.5] .619
Intergroup comparison P-value† 0.401 0.633 _ 0.394 0.304 _

Note. *The values are represented by median and interquartile range.
†A P-value < .05 was considered statistically significant.

Table 3. Comparison of the VAS Scores in Three Subgroups of Intensity, Annoyance and Awareness, Before and After Treatment, 
Between the Acamprosate and the Placebo Groups.

Studied Groups

Intensity Annoyance Awareness

Before After P-value† Before After P-value† Before After P-value†

Acamprosate group 5.0 [4.5, 5.0] 4.0 [3.0, 4.0] .007 4.0 [4.0, 5.0] 3.0 [3.0, 4.0] .004 3.0 [3.0, 5.0] 3.0 [2.0, 4.0] .011
Placebo group 4.0 [3.0, 5.0] 4.0 [3.0, 5.0] .18 4.0 [3.0, 5.0] 4.0 [3.0, 5.0] .414 4.0 [3.0, 5.0] 4.0 [3.0, 4.0] .18
Intergroup 

comparison
P-value†

0.063 0.744 - 0.263 0.436 - 0.602 0.137 -

Note. *The values are represented by median and interquartile range.
†A P-value < .05 was considered statistically significant.
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I-III, III-V, and I-V before and after treatment in experiment 
and control groups (Table 6).

Distortion Product Otoacoustic Emissions (DPOAE): A 
comparison of the mean amplitudes before and after treat-
ment with acamprosate represented a significant increase at 
4000 Hz (P = .048). Nonetheless, this increase was not evi-
dent in the control group (Figure 2). There was not a signifi-
cant difference between the two studied groups from before 
(P = .482) to after treatment (P = .262).

Discussion

Tinnitus is a pathological condition that increased spontane-
ous activity and neural synchrony in auditory and non-audi-
tory areas is obvious.20-22 GABA deficiency is a strong 
hypothesis for increased activity and over excitation in 

network activity involved in tinnitus.23,24 Although the exact 
mechanism of acamprosate action is not clearly defined, 
this agent appears to block excitatory activity in the brain 
(NMDA Glutamate). It also enhances the inhibitory system 
(GABA) by stimulating GABAergic inhibitory neurotrans-
mission. Thus, acamprosate enhances the number of reup-
take sites for GABA and in turn improves GABAergic 
transmission, which inhibits the activity in the auditory 
pathways.9,25 The previous study revealed evidence that the 
inhibitory neurotransmitter γ-aminobutyric acid (GABA) is 
released from some efferent olivocochlear nerve endings 
terminating at outer hair cells (OHCs). The previous studies 
revealed that the inhibitory neurotransmitter aminobutyric 
acid (GABA) is released from some efferent olivocochlear 
nerve endings terminating at outer hair cells (OHCs). These 
receptors are thought to allow GABA which is released 

Table 4. Comparing the Mean Latencies of AP and SP, and the SP/AP Ratio Obtained from the Electrocochleography, Before and 
After Treatment, Between the Acamprosate and the Placebo Groups.

AP Latency [ms]* SP Latency [ms]* SP/AP Ratio*

Groups Before After P-value† Before After P-value† Before After P-value†

Acamprosate group 1.62 ± 0.15 1.56 ± 0.16 .048 1.11 ± 0.13 1.04 ± 0.18 .324 25.1 ± 4.9 25.9 ± 5.7 .702
Placebo group 1.65 ± 0.15 1.65 ± 0.15 .943 1.05 ± 0.24 1.00 ± 0.18 .267 26.3 ± 7.5 23.9 ± 6.3 .28
Intergroup 

comparison P-value†
0.558 0.156 - 0.402 0.528 - 0.402 0.528 -

Note. *The values are represented by mean ± standard deviation.
† A P-value < .05 was considered statistically significant.

Table 5. Comparison of the Mean Latencies of Waves I, III, and V Obtained from the ABR, Before and After Treatment, Between 
the Acamprosate and the Placebo Groups.

Group

Wave-I Latency [ms]* Wave-III Latency [ms]* Wave-V Latency [ms]*

Before After P-value† Before After P-value† Before After P-value†

Acamprosate group 1.72 ± 0.16 1.64 ± 0.29 .374 3.78 ± 0.26 3.61 ± 0.59 .325 5.53 ± 0.49 5.59 ± 0.56 .738
Placebo group 1.74 ± 0.29 1.60 ± 0.17 .068 3.74 ± 0.41 3.60 ± 0.37 .107 5.62 ± 0.37 5.64 ± 0.33 .491
Intergroup 

comparison
P-value†

0.791 0.65 - 0.778 0.763 - 0.59 0.764 -

Note. *The values are represented by mean ± standard deviation.
†A P-value < .05 was considered statistically significant.

Table 6. Comparison of the Mean Values of Inter-peak Latencies Obtained from the ABR Recordings, Before and After treatment, in 
Two Studied Groups of Acamprosate and Placebo Controls.

IPL I-III [ms] IPL III-V [ms] IPL I-V [ms]

 Before After P-value Before After P-value Before After P-value

Acamprosate Group 2.05 ± 0.23 2.07 ± 0.15 .511 1.91 ± 0.15 1.94 ± 0.12 0.268 3.96 ± 0.23 4.01 ± 0.15 .124
Control Group 2.00 ± 0.26 2.02 ± 0.07 .316 1.88 ± 0.20 1.91 ± 0.19 0.084 3.88 ± 0.31 3.94 ± 0.27 .087
P value 0.620 0.573 - 0.638 0.693 - 0.458 0.394 -

Abbreviation: IPL, Inter-peak latency of ABR waveform.
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from efferent auditory nerve terminals to bind to the cell 
surface of OHCs, resulting in GABA receptor activation. 
This probably gates a GABA-receptor-associated chloride 
channel in the postsynaptic OHC membrane, allowing 
hyperpolarization and elongation of the cell.26,27 The epide-
miologic studies estimated that 10% to 15% of adults are 
suffering from tinnitus, and it affects the quality of life in 
20% of these subjects.28 Several pharmacological therapies 
have been introduced to improve the quality of life of the 
subjets.5,29,30 These therapeutic modalities are targeting the 
pathophysiological aspects of tinnitus. As tinnitus may 
result from the disturbed balance between excitatory and 
inhibitory neurotransmitters, agents that regulate these 
mechanisms may affect the severity of symptoms.31 The 
exact effect of acamprosate on neurotransmission is not 
completely clear because of its various effects on a different 
region of the brain.32 Increased GABA binding in the hip-
pocampus and thalamus of the alcoholized rats was observed 
after treatment with acamprosate.33 However, other studies 
did not confirm this effect.32,34 Antagonist activity for 
NMDA receptors in the cortex, hippocampus, and midbrain 
was reported after acamprosate treatment.34

On the other hand, the positive impact of acamprosate on 
anxiety disorders made it an option for augmentation ther-
apy.35 As the same disturbances in the hypothalamic-pitu-
itary-adrenal axis were observed in tinnitus and anxiety,36 
anxiety treatments that affect this axis may be useful in tin-
nitus treatment. Based on the findings mentioned above, it 
was hypothesized that acamprosate could influence tinnitus 
severity. A clinical trial performed on fifty subjects with tin-
nitus by Azevedo and colleagues agreed with this hypothe-
sis. The subjects were asked to score the loudness and 
annoyance of tinnitus using VAS and were randomized to 

receive receiving either acamprosate (333 mg three times a 
day for 90 days) or placebo. There was a significant 
improvement of symptoms based on VAS after 90 days in 
the acamprosate group (P =.004). This improvement was 
evident after 30 days of receiving acamprosate and increased 
steadily till the end of the study.9,10 Sharma and colleagues 
evaluated the impact of acamprosate on tinnitus on forty 
subjects in a cross over trial. There was a significant 
improvement in QOL and VAS in subjects treated with 
acamprosate as compared with the placebo group. 
Psychoacoustic reduction in tinnitus matching for loudness 
was also significant in the acamprosate group.11

In the present study, there was a significant improvement 
in P-THI and P-TQ scores after treatment with acamprosate 
as well as the VAS scores. Evaluation of the psychoacoustic 
measurements revealed a significant decrease in PMT in the 
acamprosate group, but this reduction was not evident in 
LMT and MML measurements before and after treatment. As 
reported by Azevedo,10 the impact of the acamprosate 
improves steadily after 30 days of treatment, so the short-
term treatment and follow up of the current study may explain 
why an improvement was not demonstrated in LMT and 
MML tests. Although the results of the residual inhibition test 
did not reach the statistical significance, none of the tinnitus 
subjects in the acamprosate group reported any deterioration 
in RI. While two of seven subjects who reported NRI revealed 
a reasonable degree of PRI after receiving the acamprosate 
treatment (one improved to partial RI, and complete RI in the 
other). These improvements might be to make an opportunity 
to use tinnitus sound therapy as a management option to cope 
with tinnitus (Figure 3). We know that there is considerable 
variability amongst tinnitus subjects in the depth of RI and its 
duration. This issue would be an interesting topic for future 

Figure 2. Mean amplitudes obtained from the DPOAE before and after treatment. The error bars represented the 95% confidence 
intervals. (A) Comparison of the amplitudes in the placebo group. There was not a significant difference between mean values before 
and after treatment in the control group. (B) Comparison of the amplitudes in the acamprosate group. There was a significant 
increase at 4000 Hz after treatment with acamprosate.
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work to understand the RI mechanism. Therefore, the men-
tioned issue should be noticed as separate variables while 
conducting research. In any case, it should be noted that the 
mechanism involved in-depth and duration of RI remains 
unclear to this day.

Meikle and colleagues stated that the subjective data 
achieved from available self-report questionnaires are use-
ful in diagnostic or severity assessments of tinnitus, but 
they are not sensitive enough for treatment-based evalua-
tions.37 The psychoacoustic tests are valuable in the evalua-
tion of patient’s subjective reports, but lack of a standard 
protocol for test conduction is a limitation in the evaluation 
of treatment outcomes.38 The current study utilized the elec-
trophysiological tests in order to evaluate the auditory sys-
tem status and impact of the Acamprosate on auditory 
pathways. In fact, the presented primary results in this study 
expressed the objective interests in the Acamprosate effect 
by means of physiologic and electrophysiologic assess-
ments. To the best of our knowledge, the impact of the 
acamprosate on electrophysiological tests has not been 
evaluated before. Although the electrocochleographic eval-
uations showed a statistical difference in the mean of AP 
latencies after treatment with the Acamprosate (P = .048), 
this reduction doesn't meet clinical importance because of 
minor differences in marking latency on ECochG waves. 
Changes in the SP latencies and SP/AP ratios did not reach 
the level of significance (P = .324 and .702, respectively). 
These findings can help to identify the site of action of 

acamprosate in the auditory pathway. As the compound 
action potential is induced by the distal part of the auditory 
nerve,12 more robust and synchronized firing of the neuron 
fibers, can produce a wave with shortened latency.

Shulman et al demonstrated prolonged interpeak latencies 
of wave’s I-III, III-V, and I-V in the presence of central tin-
nitus, and decreased by improvements of subjects’ tinnitus.39 
However, the latencies of the waves I, III, and V did not 
change significantly after treatment with acamprosate in the 
current study. Thus, a study with more participants and more 
extended intervention is recommended to evaluate the effects 
of acamprosate on ABR.

Shiomi et al compared the DPOAE amplitudes in normal-
hearing subjects with or without tinnitus and demonstrated a 
remarkable reduction of amplitudes, especially at 4 to 7 kHz 
frequencies.40 A significant difference in DPOAE amplitudes 
at 4 to 6 kHz frequencies in the ear with tinnitus compared to 
the intact ear of the same subjects was reported by Park et al.41 
In the current study, the DPOAE amplitudes improved signifi-
cantly at 4 kHz frequency after treatment with acamprosate. 
As the lack of coordination in outer hair cells and inner hair 
cells are considered as a possible mechanism for tinnitus,1 the 
improved amplitude of DPOAE after acamprosate repre-
sented a better function of OHC, at least at 4 kHz frequency.

The concentration-dependent effect of acamprosate on 
NMDA receptors was demonstrated in 2004. In that study, 
the spontaneous neuronal activity at the level of the brain-
stem in neonatal rats was evaluated with acamprosate. At 

Figure 3. The degrees of residual Inhibition before and after treatment.
The gray boxes represent the responses before treatment, and the crosshatched boxes showed the responses after treatment. Panel A, indicated 
the degree of RI in the placebo group and panel B indicated the degree of RI in the acamprosate group. As appears in Figure 3, diagram B, despite 
the absence of the statistical significant findings, the depth and duration of residual inhibition was improved from before to after treatment in the 
acamprosate group. Also, the degree of non-residual inhibition (NRI) decreased after acamprosate treatment. However, no such result was observed 
in the placebo group (diagram A).
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30 µm, acamprosate increased the spontaneous neuronal 
bursts, but higher concentrations of acamprosate (100-
400 µm) inhibited the NMDA-mediated neural excitation.25 
Because of this biphasic effect of acamprosate, the standard 
dose of acamprosate (1998 mg/day) was administered in the 
present study.

One of the drawbacks of the current study is the low sam-
ple size because of the interruption of treatment in four sub-
jects. A gradual Increase of acamprosate dose may enhance 
the compliance of the subjects. Besides, considering cross-
over and washout periods in the design of the study would 
improve the results. It was demonstrated that the impact of 
acamprosate, enhanced after one-month treatment,9,10 there-
fore, follow-ups longer than 30 days could improve the accu-
racy of the study.

Conclusion

Based on the current study, acamprosate can improve the 
self-report tinnitus questionnaire scores among the subjects 
who were complaint from tinnitus. Electrophysiological 
studies reported some degrees of improvement, at least at 
the level of the cochlea and distal of the auditory pathways. 
Also, investigating the validity of animal experiments is 
therefore essential to validate the clinical efficacy and prac-
tical feasibility of using the medication.
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