
Can aspirin protect or at least attenuate gentamicin 
ototoxicity in humans?

Fatholah Behnoud, MD, Khashayar Davoudpur, MD, Mohammad T. Goodarzi, PhD.

1165

ABSTRACT

األكسدة  ضد  كعامل  األسبرين  أن  وإثبات  فحص  األهداف:  
يحمي أو على األقل يخفف من تسمم األذن للجنتامسني لدى 

البشر.

مريض   60 ل  استطالعية  عشوائية  جتربة  إجراء  مت  الطريقة:  
أكملوا جميع املتطلبات.  أجريت الدراسة عن طريق قسم األنف 
– جامعة  بيست  مستشفى   – العظام  واحلنجرة وجراحة  واألذن 
 2007 ديسمبر  من  الفترة  إيران خالل   – الطبية  للعلوم  حمدان 
حتى نوفمبر 2008.  مت تقسيم املرضى إلى مجموعتني، مجموعة 
التجربة ومجموعة التحكم التي كانت متشابه مع األخذ باالعتبار 
 1.5g/dayالعالج مجموعة  تلقت  والوزن.   والعمر،  للجنس، 
mg/8h 500 جرعة من األسبرين، بينما تلقت مجموعة التحكم 

عالج إرضائي مشابه للمجموعة األخرى. 

PTAفي   البالزما   ثرومبوبالستني  مقارنة  أظهرت  النتائج:  
متوسط   بني  اختالفات   8000HZ و   4000 و   2000 1000و 
PTAفي اليوم األول، والثامن، واخلامس عشر.  كانت قيمة على 
التوالي p=0.03، و p=0.003 و p=0.001 و  p=0.0010  كان 
اليوم  في  مهم  بشكل  250Hz  مختلف  PTAفي  عتبة   مقدار 
 500Hz كما كان تكرار ،p=0.004 الثامن واخلامس عشر فقط
مهم، االختالف بني البداية مع اليوم اخلامس عشر واليوم الثامن 

.p=0.001 مع اليوم اخلامس عشر مهم إحصائيًا

خامتة:  هي هذه الدراسة احلالية وجدنا أن األسبرين يحمي من 
أثر تسمم األذن للجنتامسني في املرضى. 

Objectives: To investigate and prove that Aspirin as an 
antioxidant protects, or at least attenuates Gentamicin 
ototoxicity in humans.

Methods: A prospective, randomized, double-blind 
trial was conducted in 60 patients that completed 
all requirements. This study was conducted in the 
Department of Otolaryngology and Orthopedics, 
Besat Hospital, Hamadan University of Medical 
Sciences, Hamadan, Iran, between December 2007 
and November 2008. The patients were divided 
into 2 groups, the experimental and the control 

groups that were similar with respect to gender, age, 
and weight. The treatment group received 1.5 g/day 
(500 mg every 8 hours) Aspirin, and the control group 
received placebo similar to the other group.

Result: Comparison of the pure tone audiometry 
(PTA) at 1000 Hertz (Hz) (p=0.03), 2000 Hz 
(p=0.003),  4000 Hz (p=0.001), and 8000 Hz 
(p=0.0010) showed significant differences between 
mean of PTA at the beginning, 8th, and 15th day. 
The threshold of PTA at 250Hz was significantly 
different only at the 8th and 15th day (p=0.004), also 
at the frequency of 500Hz, the difference between the 
beginning within 15th day and 8th day with 15th day 
was significant (p=0.001).

Conclusion: In the present study, we had shown that 
Aspirin can protect the ototoxic effect of gentamicin 
in patients.
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Aminoglycosides are incorporated into the regimen 
against multi-drug resistant tuberculosis as per 

suggestion of the World Health Organizaton.1 It is also 
used for treating gram-negative bacterial infections.2 
These drugs may be the most commonly used antibiotics 
worldwide, especially in developing countries.3 Although 
these drugs are extremely efficacious, they can result 
in ototoxicity.1,2 The incidence of cochleotoxicity has 
been reported up to 33% of patients, while the balance 
apparatus may be affected in approximately 15%.1 The 
incidence of side effects may be higher in developing 
countries where the drugs are generally available over 
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the counter, and the drug serum levels in patients are 
not routinely obtained for an adjustment of dosing, 
to avoid levels that may be associated with a higher 
risk of ototoxicity.1,3 The biochemical mechanisms 
leading to aminoglycosides ototoxicity are not fully 
understood,4 but several evidences suggest that damage 
may result from the formation of reactive oxygen 
species that overwhelm the cellular antioxidant defense 
systems of the inner ear.4,5 The resulting cellular redox-
imbalance causes apoptotic or necrotic cell death.6,7 

In fact, the use of aminoglycosides lead to chromatin 
condensation and DNA fragmentation, 2 hallmarks 
of programmed cell death.4 Caspases, a superfamily 
of cysteine aspartate-specific proteases, play a central 
role in apoptosis. Aminoglycosides can also induce the 
release of cytochrome-c with caspase 8 can play critical 
role in hair cell death.7,8 According to this mechanism, 
several agents have been shown to reduce ototoxicity, 
mostly focusing on antioxidant therapy3,9,10 for example, 
aspirin,1,3,11 sodium thiosulfate2 glutathione,6,12 and 
melatonin.13 Based on the report of Sha et al,9 aspirin has 
the potential to attenuate gentamicin-induced hearing 
loss. The aim of this study is to evaluate the range of the 
effectiveness of Aspirin as an otoprotective agent against 
Gentamicin ototoxicity. Actually, it is a well known fact 
that Aspirin has several potential benefits in different 
fields of medicine. This drug is relatively safe, easily  
available and cheap. 

Methods. A prospective, randomized, double-blind 
trial was conducted in the Department of Otolaryngology 
and Orthopedics, Besat Hospital, Hamadan University 
of Medical Sciences, Hamadan, Iran, between 2007 and 
2008. Patients who were referred to these departments 
for treatment of various infections, and scheduled for 
gentamicin therapy were included in this study. Sixty 
patients completed all the requirements. The patients 
>18 years who were scheduled for treatment with 
gentamicin were recruited and patients were excluded if 
they had a preexisting hearing loss, or systemic disease 
and if they were pregnant. The patients were divided 
into 2 groups, the experimental and the control groups 
that were similar with respect to gender, age, and weight. 
The treatment group received 1.5 g/day (500 mg/8 
hours) Aspirin, and the control group received placebo 
similar to the other group. The criteria for the selection 
of patients was at least being 18 years old. The duration 
of therapy was 7 days, and the dosage of gentamicin was 
240 mg/day (80 mg every 8 hours). At the beginning 
of the study, the hearing threshold of all patients was 
determined by 2 tests:  pure tone audiometry (PTA) 
and speech discrimination score, then they were retested 
8 and 15 days later, but the result of the last test was 
used for conclusion. All patients were examined for 

any otologic defect including middle ear damage, and 
if there was a problem, that case would be excluded. 
Selection of all patients for the 2 groups was based on 
what part of the body had been infected, for example 
orthopedic, or head and neck infection. All patients 
in the 2 groups, in addition to gentamicin, received a 
second drug (Keflin [1 g/6 hours], a second generation 
of Cephalosporins, Daru Pakhsh Company, Iran). The 
study was approved by the Ethical Committee of Besat 
Hospital and Hamadan University of Medical Sciences. 
Initially, a questionnaire was completed by an authorized 
physician for each case and control, followed by a 
complete clinical exam, and then PTA was performed 
for all cases and controls.

Statistical analysis. Paired t-test and independent 
t-test were used to compare differences in means for 
continuous variables. A p<0.05 was used as significant 
level. All analyses were conducted using SPSS version 
13.

Results. Audiologic data in the 2 patients groups 
was comparable at the beginning of the study except 
in 2, 4, and 8 kiloHertz (kHz) frequencies that the 
threshold of PTA in the aspirin group was a little higher 
than the placebo group. This event was random, and no 
selection had been carried out. Interestingly, the mean 
of age in the Aspirin group was a little higher than the 
placebo group. At the 3 different periods of time (the 
beginning, 8th, and 15th day) in the placebo group, 
PTA test was measured on different frequencies (Table 1). 
Comparison of the PTA at 1000 Hertz (Hz), 2000 Hz, 
4000 Hz, and 8000 Hz showed significant differences 
between mean of PTA at the beginning, 8th, and 15th 
day (for 1000 Hz [p=0.03], 2000 Hz [p=0.003], 4000 
Hz [p=0.001] and 8000 Hz [p=0.001]). The threshold 
of PTA at 250 Hz, was significantly different only at 8th 
and 15th day (p=0.004), also at the frequency of 500 
Hz, the difference between the beginning with 15th 
day and 8th with 15th day were significant (p=0.001). 
Table 2 shows the results of PTA test in the aspirin 
group. According to the results, there were a significant 
difference in 4000 Hz and 8000 Hz at 3 settings of PTA  
testing (Table 2). The comparison between measured 
means of PTA threshold in the control group shows 
significant difference between them at the beginning, 
8th, and 15th day, except for the first and 8th days at 
2 frequencies of 250 and 500 Hz. Also, in the control 
group, 11 (36%) cases of patients showed changes 
equal to 15 dB, or more in their hearing threshold in 
4000 Hz and 6 (20%) in 8000 Hz had this value, while 
in the aspirin group, there was only one case in each 
above mentioned frequency. Using Chi square test, 
these differences were statistically significant (Table 3). 
The results showed the mean of PTA threshold at the 
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2000, 4000 and 8000 Hz, had significant differences, 
and there were no differences in other frequencies. Also, 
comparison between the results of men and women 
tests showed no significant difference. 

Discussion.  The present study sought to determine 
the effectiveness of Aspirin as an otoprotectant against 
gentamicin ototoxicity in our patients. Significant 
otoprotection was demonstrated in patients receiving 
Aspirin by pretreatment and post-treatment PTA 
testing.1,3,9 In the control group, at the 8000 Hz 
frequency, the mean hearing threshold was 14.2 dB 
on the first, and 27.5 dB on the 15th day. In fact, this 
result shows that the threshold was 2-fold. In contrast, 
in the Aspirin group at 8000 Hz frequency, the mean 
threshold was 22.8 dB on first day, and 28.8 dB on the 
15th day, and this means that Aspirin has a protective 
role on hearing for gentamicin ototoxicity. Also, 
comparison between the results of men and women 

shows no significant differences. In the past studies, the 
audiometric data for determining changes in cochlear 
function and to show ototoxicity, several levels of 
thresholds were used.  In this study, in accordance with 
previous clinical studies, a threshold shift of >15 dB at 6 
and 8 KHz had been chosen as the criterion for hearing 
loss. Aminoglycosides in general, were found to displace 
calcium from its binding sites resulting in a limitation 
of calcium-dependent physiological mechanisms. In 
detail, aminoglycosides were found to be able to block 
the transduction channels at the tips of stereocilia and 
the N-type and P/Q type channels in neurons, as well 
as, acetylcholine-evoked K+ currents in outer hair 
cells.14 Some of the antioxidants (mannitol, glutathione, 
and salicylate) have been shown to protect against 
aminoglycosides ototoxicity in vivo.1,2,9,15 Interestingly, 
a self-protection phenomenon to high ototoxicic doses 
of gentamicin has been proposed by a research group on 
animals in Brazil.16 They indicated low dose gentamicin 

Table  1 - Pure tone audiometry (PTA)  threshold dB in the placebo group in different frequencies.  

Time Frequency (Hz)

250 500 1000 2000 4000 8000

Pretreatment (0 day) 5.6 ± 2.8 6.2 ± 3.6 7.3 ± 4.5   9.7 ± 5.5 12.2 ± 7.4 14.2 ± 9.4
 8th day of treatment  6.0 ± 3.3 6.5 ± 3.9 7.7 ± 4.8 11.5 ± 6.8 15.2 ± 8.7   18.7 ± 12.2
 15th day of treatment   6.7 ± 3.5 7.8 ± 4.5 9.0 ± 5.3 14.8 ± 8.6   21.5 ± 12.5   27.5 ± 16.4 
P value           

0 day - 8 days
0 day - 15 days
8 day - 15 days

NS
NS

0.004

NS
0.01
0.01

0.03
0.03
0.03

0.003
0.003
0.003

0.001
0.001
0.001

0.001
0.001
0.001

*Data are expressed as mean±SD, dB - decibel, Hz - Hertz

Table  2 - Pure tone audiometry (PTA) threshold dB Aspirin group in different frequencies. 

Time Frequency (Hz)

250 500 1000 2000 4000 8000

Pretreatment (0 day) 6.2 ± 4.5 6.8 ± 4.8   9.3 ± 6.3 12.3 ± 7.8 16.8 ± 13.9 22.8±18.1    

 8th day of treatment  6.0 ± 3.2 7.7 ± 5.2 10.2 ± 7.5 13.5 ± 7.8 19.3 ± 14.2 24.5± 19.0

 15th day of treatment   6.9 ± 3.5 7.7 ± 5.0 11.2 ± 8.3   15.0 ± 11.2 21.8 ± 16.1 28.8± 19.5 

P value           
0 day - 8 days
0 day - 15 days
8 day - 15 days

NS
NS
NS

NS
NS
NS

NS
NS
NS

0.017
NS
NS

0.001
0.004
0.033

0.023
0.001
0.002

*Data are expressed as mean±SD, dB - decibel, Hz - hertz

Table 3 - Comparison of number of patients showing changes in Pure tone audiometry (PTA) in 2 different frequencies. 

Group PTA changes at 4000 Hz PTA changes at 8000 Hz

≥ 15 dB < 15 dB ≥ 15 dB <15 dB

Control 11* 19 6† 24
Aspirin 1 29 1 29

Hz - Hertz, dB - decibels, *Chi square = 10.4, degrees of freedom (df )=1, p=0.001, †Chi square= 4.04, df=1, p=0.04
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(10 mg/kg/day for 30 days) followed by a higher dose 
(160 mg/kg/day for 10 days) showed normal hearing 
and normal outer hair cells.

The use of Aspirin should be appealing to developing 
countries, where the low cost of Aspirin would make 
such a treatment affordable. Furthermore, a combination 
therapy with Aspirin may also provide further benefits 
for combating bacterial diseases. Salicylate can 
reduce or eliminate bacterial biofilm production, and 
potentiate antimicrobial therapy.1 Bacterial biofilms 
are 3-dimensional aggregates of bacteria that have been 
shown recently to play a major role in many chronic 
infections.17 Chen et al1 on their research on the efficacy 
of Aspirin for attenuation of gentamicin ototoxicity 
found a significant hearing loss of 15 dB or more, at 6 
and 8 kHz in 13% of patients who received placebo. In 
contrast, only 3% of the patients that received Aspirin 
showed evidence of hearing loss. In the present study, 
we showed that Aspirin can protect the ototoxic effect 
of gentamicin in our patients. Although at present, 
very little is known about this potentials.1 As already 
mentioned, patients in our study had hearing loss at 
the high frequencies, the same in Chen et al’s1  study. 
Although Aspirin significantly has positive effect on 
gentamicin ototoxicity, it does not provide complete 
protection. In general, none of our patients in 2 
groups complained of vertigo during the period of 
hospitalization. Also, all patients were satisfied with 
their treatment and nobody pointed out any hearing 
loss, probably due to the fact that their hearing loss 
occurred at levels above speech frequencies. Because 
aminoglycosides remain in the cochlea for a long 
period after therapy ends, patients should be advised 
to avoid noisy environments for 6 months after therapy 
completion, because they remain more susceptible to 
noise-induced cochlear damage. In the past studies, the 
doses of Aspirin were high,1,5 whereas presently we use 
a lower dose of Aspirin (1.5 g/day) and future works 
are required to clarify whether a dosage lower than that 
might provide protection against gentamicin-induced 
hearing loss.

It will be interesting to investigate whether Aspirin 
can protect the auditory system from other types of 
damage, such as exposure to different drugs, noise, or 
aging. In humans, a dosage of 1.95 g/day of Aspirin 
for 7 days is sufficient to induce tinnitus,18 and dosage 
for our patients was lower than the amount mentioned 
above (1.5 g/day for 7 days). The prevalence of Aspirin 
intolerance is estimated to be between 0.6% and 
2.5% in the general population.18 In contrast, the 
benefits of Aspirin in several kind of therapy has been 
documented, for example, as antifungal,19 protects 
striatal dopaminergic neurons from neurotoxin-

induced degeneration,20 helping the treatment of major 
depression,21 protective role on head and neck cancer.22 
It should be mentioned that Reye’s syndrome can be 
related to use of Aspirin in the children group.23 In 
addition, a group of researchers in India have suggested 
that Aspirin can lead to the accumulation of gentamicin 
inside the body, and could result in toxicity.24

One of the limitations on this study was the inability 
to determine Aspirin and Gentamicin serum level. If 
this procedure had been carried out the results would 
have been more accurate.

In conclusion, in the present study, we showed that 
Aspirin can protect the ototoxic effect of gentamicin 
in our patients, and future works are needed to clarify 
whether the dose lower than what used in this study 
might provide protection against gentamicin-induced 
hearing loss.
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