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Introduction

Tinnitus is defined as subjective perception of noises in the 
absence of an external auditory stimulus [1]. Epidemiologi-
cal investigations demonstrate that 10-15% of the general 
population is affected by tinnitus [2]. Age and hearing impair-
ment increase the prevalence of tinnitus. The cause of tinnitus 
remains unclear, although a broad variety of factors have been 
considered to explain the etiology and pathogenesis of the de-
velopment of tinnitus [3]. Acoustic trauma, stress, ototoxic 
drugs, high doses of salicylate, sudden hearing loss, some 
otological and neurological diseases, such as Meniere’s dis-
ease, acoustic neuroma, otosclerosis and vascular compression, 
are factors that may contribute to the pathogenesis of tinnitus. 

It has been recently observed that reactive oxygen species 
(ROS) plays a role in the pathogenesis of otological and neu-
rological diseases [4-8].

Paraoxonase-1 (PON), total oxidant status (TOS), total an-
tioxidant status (TAS), and oxidative stress index (OSI) are 
studied as oxidative stress markers for human. In general, in-
creased the free radical production above the normal thresh-
old leads to exhaustion and thus reduction in antioxidant status 
in biological system. PON is a 354 amino acid protein synthe-
sized mainly in the liver and secreted into the blood PON is a 
high-density lipoprotein (HDL)-associated antioxidant en-
zyme that protects low-density lipoprotein (LDL) from oxi-
dation by hydrolyzing lipid peroxides in oxidized lipopro-
teins [9].

The aim of this study was to investigate the serum PON ac-
tivity as well as to determine oxidative status via measure-
ment of TOS, TAS, and OSI in the tinnitus and to compare 
these results to data from healthy subjects. 
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Subjects and Methods

Subjects
This is a prospective, controlled study of patients with tin-

nitus. The study was approved by the local ethics committee. 
Patient consents were obtained before the procedures. A total 
of 114 subjects-54 patients with tinnitus and 60 healthy con-
trols were enrolled in this study. All patients underwent a 
baseline evaluation including a detailed medical history, typi-
cal otorhinolaryngologic and audiological evaluation (pure 
tone, speech, and admittance audiometry, transient otoacous-
tic emission and acoustic reflex tests), full neuro-otological 
diagnostics (direct tests that observe static and dynamic bal-
ance, evidence of coordination, and function of the vestibular-
ocular reflex through head impulse, shifting of the line of 
gaze, and spontaneous and semi-spontaneous nystagmus ob-
servations) and blood tests. The main inclusion criteria were 
being between 18 and 65 years of age, the presence of contin-
uous tinnitus with a duration of >1 year, chronic subjective 
cochlear tinnitus, and no treatment of tinnitus within 8 weeks 
prior to entry into the study. Otorhinolaryngologic, neuro-
otological examinations and audiological evaluation were 
normal for all study participants. The exclusion criteria were 
the presence of one or more of the following: any pathologic 
conditions of the ear, nose, and throat that might be responsi-
ble for tinnitus, such as middle or external ear problems, oto-
sclerosis, chronic otitis media, Meniere’s disease, vestibular 
schwannoma, venous hum and vascular neoplasm. Patients 
with a clinical history of ear and neuro-otologic surgery, tak-
ing ototoxic drugs, with temporal bone trauma, liver, hemato-
logical, cardiovascular, metabolic, neurologic, or psychiatric 
diseases and with malignancy were also excluded. After over-
night fasting, peripheral venous blood samples were taken 
from patients with tinnitus and healthy volunteers into empty 
tubes for one time only. Serum PON activity, TOS, TAS, and 
OSI were measured.

Blood samples collection
Fasting peripheral venous blood samples were immediate-

ly centrifuged at 3000×g for 10 min, then stored at -80℃ until 
they were needed for further analysis of PON activity along 
with determination of oxidative status via measurement of 
TOS, TAS, and OSI. 

Measurement of paraoxonase activity
Paraoxonase activity was measured in the absence (basal 

activity) and presence of NaCl (salt-stimulated activity). Brief-
ly, the rate of paraoxon hydrolysis was measured by an in-
crease in absorbance at 412 nm at 25℃. The amount of p-ni-

trophenol generated was calculated from the molar absorptivity 
coefficient at pH 8, which was 17.100 M-1 cm-1. Paraoxonase 
activity was expressed as U/L serum [10,11]. 

Measurement of TOS
The TOS of the serum was determined using a novel auto-

mated measurement method [12]. Oxidants present in the 
sample oxidize the ferrous ion-o-dianisidine complex to fer-
ric ion. This oxidation reaction is enhanced by glycerol mol-
ecules, which are abundantly present in the reaction medium. 
The ferric ion reacts with xylenol orange in an acidic medium 
to produce a colored complex. The intensity of color, which 
can be measured spectrophotometrically, is related to the total 
amount of oxidant molecules in the sample. The assay is cal-
ibrated with hydrogen peroxide and the results are expressed 
in terms of micromolar hydrogen peroxide equivalents per 
liter (μmol H2O2 equiv/L). The assay has excellent precision 
values that are lower than 2%.

Measurement of the TAS
The TAS of the serum was determined using an automated 

measurement method [12]. Briefly, potent free radical reac-
tions were initiated with the production of a hydroxyl radical 
via the Fenton reaction and the rate of reactions was moni-
tored by measuring the absorbance of colored dianisidyl radi-
cals. Using this method, the antioxidative effect of the sample 
against potent free radical reactions, which were initiated by 
synthesized hydroxyl radical, was measured. An automated 
analyzer (Aeroset®, Abbott, IL, USA) was used. Both intra- 
and interassay coefficients of variations were lower than 3%. 
The data were expressed as μmol Trolox Equiv/L.

Statistical analysis
Pearson’s chi-square test was used to compare the gender 

between groups. Gender was presented as count and percent-
age. The Kolmogorov-Smirnov test was used to evaluate 
whether the variables were normally distributed. The two in-
dependent sample t test or Mann Whitney U test were used to 
compare continuous variables between control and patient 
groups. Continuous variables were presented as mean (stan-
dard deviation) or median [interquartile range (Q1-Q3)]. 
SPSS software 15.0 for Windows (SPSS Inc., Chicago, IL, 
USA) was used for all statistical analysis. p-values were con-
sidered statistically significant when they were <0.05.

Results

The tinnitus group consisted of 54 patients, 29 male (54%), 
between the ages of 17 and 65 years (mean age, 48±12) and 
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the control group consisted of 60 individuals, 25 male (42%) 
between the ages of 18 and 65 (mean age, 45±14). There were 
no statistical differences in either the age and gender between 
the tinnitus and control groups. 

In the tinnitus group, TAS and PON were significantly 
lower than the control group (TAS: 1.00±0.12 μmol Trolox 
Equiv/L vs. 1.12±0.13 μmol Trolox Equiv/L, p<0.001 and 
PON: 138±37 U/L vs. 169±43 U/L, respectively, p<0.001). 
However, the TOS and OSI levels were significantly higher in 
the tinnitus group than in the control group (TOS: 15.9 (13.7- 

21) μmol H2O2 equiv/L vs. 11.6 (10.3-13.6) μmol H2O2 
equiv/L, p<0.001 and OSI: 1.77±0.48 arbitrary units vs. 1.08± 

0.25 arbitrary units, p<0.001, respectively). Table 1 summariz-
es the statistical results.

Discussion

In order to evaluate the correlation between tinnitus and 
oxidative stress, we measured PON, TOS, TAS, and OSI. To 
the best of our knowledge, there is no study reported in the 
literature related to PON, TOS, TAS, and OSI in patients with 
tinnitus. 

ROS including superoxide radical (O2
-), hydroxyl radical 

(OH-), and hydrogen peroxide (H2O2), are generated in the 
cochlea during normal aerobic metabolism in cells at physio-
logical concentrations. There are defense systems that protect 
against ROS damage that involve enzymatic and non-enzy-
matic antioxidant systems. The enzymatic systems include 
superoxide dismutase, glutathione peroxidase, glutathione re-
ductase, and catalase. On the other hand, the non-enzymatic 
systems include various substances like vitamin E, vitamin 
C, beta-carotene, glutathione, uric acid, bilirubin, and retinol 
[13-15]. The ROS production and removal rates are in bal-
ance, and this situation is called oxidative balance. As long as 
oxidative balance is maintained, the organism is not affected 
by the ROS. Oxidant production can take place at an exces-
sive rate, a condition known as oxidative stress, and it may be 
the result of an increase in ROS and/or impairment in the an-
tioxidant mechanism [16]. ROS can majorly affect cells by 
damaging lipids and destroying the cell membrane, by inac-
tivating enzymes and thus affecting protein production, by 

depolymerizing polysaccharides and thus damaging carbohy-
drates, by damaging, mitochondrial DNA and causing mito-
chondrial dysfunction [17]. High concentrations of ROS can 
have cytotoxic and neurotoxic effects, resulting in damage to 
the auditory hair cells of the labyrinth and the acoustic sys-
tem. The role of oxidative stress in certain inner ear disorders, 
such as Meniere’s disease, noise-induced hearing loss, laby-
rinthitis, cisplatin ototoxicity and aminoglycoside ototoxicity 
is well known [18,19]. The etiopathogenesis of tinnitus is not 
yet clearly defined. In most patients, the development of tinnitus 
can be linked to damage to the cochlea [20]. Experimental 
studies have indicated that ROS can cause damage to the co-
chlear sensorial epithelium [21]. Neri, et al. [22] evaluated the 
oxidative stress of 44 patients with idiopathic tinnitus and 25 
healthy volunteers. They reported that oxidative damage mark-
ers (malonaldehyde, 4-hydroxynonenal, myeloperoxidase) were 
higher in patients with tinnitus than in the control group, where-
as glutathione peroxidase, an antioxidant enzyme, had lower 
activity in the tinnitus group. Based on these findings, they 
concluded that oxidative stress is important in the pathogene-
sis of tinnitus.

Lipid peroxidation, which is caused by ROS, is one of the 
most important causes of cell damage. The PON has paraox-
onase, arylesterase, and dyazoxonase activities and is a partic-
ularly important antioxidant enzyme in the human body. This 
enzyme has a significant role in preventing LDL and HDL ox-
idation by hydrolyzing lipid peroxide products [9]. These en-
zymes may potentially involve in a great variety of oxidative 
damage associated with diseases. These include neurodegen-
erative diseases, such as Alzheimer and Parkinson diseases, 
cardiovascular diseases, chronic renal failure and metabolic 
syndrome. It has been demonstrated that noise induces the lo-
cal release of ROS including superoxide radicals (O2

-), hy-
droxyl radicals (OH-), and hydrogen peroxide (H2O2) that 
may lead to damage to the cochlear sensorineural epithelium 
[21-23]. Fortunato, et al. [24] reported that noise-induced hear-
ing loss is related to a gene polymorphisms in PON and super-
oxide dismutase.

Levels of numerous oxidant and antioxidant parameters 
may be measured separately. Since oxidants and antioxidants 
have an additive impact, individual values may not accurate-

Table 1. Study parameters in the tinnitus and control groups

Tinnitus group (n=54) Control group (n=60) p
PON, U/L* 138±370 169±430 <0.001
TOS, μmol H2O2 equiv/L† 15.9 (13.7-21) 11.6 (10.3-13.6) <0.001
TAS, μmol Trolox Equiv/L* 1.00±0.12 1.12±0.13 <0.001
OSI, arbitrary units* 1.77±0.48 1.08±0.25 <0.001

*values are presented as mean±standard deviation, †values are presented as median (Q1-Q3). PON: paraoxanase-1, TOS: total 
oxidant status, TAS: total antioxidant status, OSI: oxidative stress index
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ly indicate the TOS or TAS. Therefore, TOS and TAS are 
more correct indicators of the oxidative and antioxidative 
states of persons [25].

Tinnitus is a complex, multifactorial dissese which in-
cludes numerous etiologic loci. The major reason of tinnitus 
is injury to hearing sensory cells of the cochlea, with or with-
out association to a damage of auditory cortex pathway relat-
ed to biochemical changes, inflammation, and damages in-
duced by ROS [26]. Under normal circumstances, the cochlea 
comprises particles containing antioxidant vitamins and en-
zymes. In cases of some inner ear disease, the certainly aris-
ing antioxidant systems may not reduce sufficient detoxifying 
effects and oxidative stress develops as a result of imbalance 
between ROS and scavenging of these reactants [16]. The sen-
sorineural epithelium is at major risk of radical-induced le-
sions in the cochlea. There are some studies recommending 
that oxidative stress could damage the epithelium of the lab-
yrinth and the acoustic and vestibular nervous system [16]. 
Levine [27] theorized that a decrease in cochlear nerve input 
leads to disinhibition of the dorsal cochlear nucleus and hy-
peractivity of the auditory cortex which is felt as tinnitus.

Tinnitus has significant clinical impact, a number of thera-
peutic approaches have been described, including herbal med-
icines, acupuncture, hearing aids, tinnitus masking, various 
drug treatments, tinnitus retraining. Some studies have shown 
favorable results, while others did not result in benefits. Vari-
ous substances have been used and tested as drug treatments. 
Among them, antioxidants have appeared to be promising 
[28]. Savastano, et al. [17] reported that antioxidant therapy 
in patients with idiopathic tinnitus seems to reduce the sub-
jective discomfort and tinnitus intensity. Polanski, et al. [28] 
described that there was no benefit from the use of antioxidant 
agents for tinnitus in their study. Gopal, et al. [29] showed that 
by means of objective and subjective assessments, tinnitus de-
creases following antioxidant therapy and they declared that 
antioxidant agents may be a pharmacological optionin in tin-
nitus management. Experimental educations on the cochlea 
have revealed that administrations of substances able to de-
fine oxidative stress can decrease neuromediators release, 
and that concomitant injection of antioxidants can decrease 
the bioelectric stimulations [22]. 

In our study, in the tinnitus group, the TAS level and PON 
activity were significantly lower than in the control group. 
However, the TOS and OSI levels were significantly higher 
in the tinnitus group than in the control group. In conclusion, 
according to the data obtained from the present study, patients 
with tinnitus are exposed to potent oxidative stress. Oxidative 
stress may be a key contributing factor in the pathogenesis of 
tinnitus. However, further studies with larger sample sizes 

are needed to define the exact role of oxidative stress in the 
pathogenesis and treatment of the disease.
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