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Abstract

Objective: The purpose of this research study was to 
evaluate dynamic thiol/disulphide homeostasis (TDH) as 
a novel oxidative stress marker in participants with non-
cholesteatomatous chronic otitis media (ncCOM) and 
cholesteatomatous chronic otitis media (cCOM), as well 
as to investigate lipid hydroperoxide (LOOH), total anti-
oxidant status (TAS), total oxidant status (TOS) and oxi-
dative stress index (OSI) markers and compare the results 
with a healthy control group.

Methods: This research was carried out at Harran Uni-
versity Medical Faculty Ear-Nose-Throat Department, 
between April 2017 and April 2019. This was a prospec-
tive controlled trial study including 121 participants, 40 
ncCOM, 39 cCOM and 42 healthy controls. Total thiol, 
native thiol, disulphide levels and LOOH, TAS, TOS lev-
els were measured in plasma of all patients and healthy 
volunteers. 

Results: In our study, we found that total thiol, native 
thiol levels, native thiol/total thiol ratios and TAS levels 
were significantly lower in cCOM patients compared with 
the control group (p<0.01). Disulphide/native thiol, disul-
phide/total thiol ratios, LOOH, TOS and OSI levels were 
significantly increased in the cCOM group compared with 
the control group (p<0.01).

Conclusion: Oxidative stress (OS) is believed to be one of 
the underlying reasons for COM pathogenesis. In this re-
search, we analyzed dynamic TDH as a novel OS marker 
using a novel improved fully automatic colorimetric tech-
nique, along with other parameters. This study may shed 
light on understanding the underlying reasons for the 
pathogenesis of COM and identify potential targets for 
antioxidant drug treatment. 
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Introduction
Chronic otitis media (COM) is an inflammatory process 
in the middle ear that is characterized by tympanic mem-
brane perforation, ear discharge and hearing loss, lasting 
longer than 3 months and not completely resolving with 
medical treatment.[1] It can be divided into two groups: 
noncholesteatomatous COM (ncCOM) and cholesteato-
matous COM (cCOM). Cholesteatoma is an accumulation 
in the middle ear, where there is no keratinizing squamous 
epithelium, or in other pneumatized regions of the tem-
poral bone. Cholesteatoma is a histologically benign 
but clinically destructive lesion. Despite numerous 
studies on how the keratinizing squamous epithelium 
reaches the middle ear and how it begins 
hyperkeratinization, the etiopathogenesis has not yet been 
fully elucidated.[2]

Degradation of the balance between free radicals in bi-
ological systems and antioxidants with its sweeping effect 
is known as oxidative stress (OS).[3,4] According to 
reports, increased reactive oxygen species (ROS) levels 
may have an effect on the chronicity of middle ear 
inflammation and the etiopathogenesis of COM when 
oxidative stress increases or the antioxidant defense 
system has a deficiency.[4,5]

Thiols are organic compounds that contain a sulfhy-
dryl group (-SH). They react with free radicals to 
inhibit cellular and tissue detriments that are stimulated 
by reactive oxygen agents. With the effect of OS, thiols 
are turned into disulphides. By recycling the emerging 
reversible disulphide species, thiols can be obtained. 
This cycle is described as TDH (thiol-disulphide 
homeostasis), which is an active condition functioning 
endlessly. This cycle plays a vital role in antioxidant 
defense mechanisms, oxidative stress, enzymatic 
processes, detoxification procedures and apoptosis.[6-8] In 
the year 2014, a new and automatic method that 
directly measured serum thiol/disulphide levels was 
developed by Erel and Neselioglu.[6] There are other 
parameters such as total oxidant status (TOS), total 
antioxidant status (TAS), lipid hydroperoxide (LOOH) 

and oxidative stress index (OSI) that are used to calculate 
oxidant/antioxidant balance in pathophysiological 
disorders.[3,9]

In this study, we aimed to analyze the relationship 
between COM and dynamic TDH as a novel and 
unexplored oxidative stress marker, in addition to TAS, 
TOS, LOOH and OSI. This is an important and initial 
study that investigates the link between TDH and COM 
with other oxidative stress markers.

Materials and Methods 
This was a prospective controlled study including cases 
with ncCOM (group 1) and cCOM (group 2) and a healthy 
control group (group 3). Group 1 and group 2 cases con-
sisted of patients who were operated in our 
department. Local ethics committee permission was 
obtained from the Harran University (date: 
11.05.2017;05/18) before starting the study. Consent 
forms were signed by all participants included in the 
study. The research procedures were consistent with the 
rules of the Helsinki Declaration. 

A total of 121 patients consisting of 40 ncCOM patients 
(group 1), 39 cCOM patients (group 2) and 42 healthy 
controls (group 3) were included in the research. The 
diagnosis of cholesteatoma was also confirmed 
pathologically. The healthy control group matched with 
both patient groups in terms of age, gender and body 
mass index (BMI) (Table 1).

A detailed history, basic otoscopic examination, 
audiological examination (pure tone audiometry) and 
microscopic ear examination were applied to the patient 
groups, as well as the control group. An evaluation was 
conducted using temporal bone tomography of the 
patients with cCOM. In this study, which included 
patients between 18 and 52 years of age, the main 
inclusion criterium was conduction hearing loss on 
audiometric examination. Exclusion criteria were acute 
exacerbations of COM, vestibular disorders, auditory 
tinnitus, sensorineural hearing loss, history of temporal

Table 1. Age, gender and Body Mass Index data for all groups.

Variable Group 1 (n:40) Group 2 (n:39) Group 3 (n:42) (Group 1 vs 3)
p-value

(Group 2 vs 3)
p-value

Age (years) 33.67±7.49 31.49±7.51 33.19±8.63 >0.05 >0.05

Gender (Male/Female) 23/17 24/15 26/16 >0.05 >0.05

Body Mass Index (kg/m2) 25.09±1.3 25.33±1.29 25.64±1.2 =0.05 >0.05
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temporal bone trauma, history of neuro-otological 
surgery, history of ototoxic drug, chronic drug use and 
liver, renal, hematologic, cardiovascular, neurological or 
psychiatric illnesses and malignancies. Patients with the 
presence of one or more of the above-mentioned disorders 
were excluded from the study. 

Biochemical Analysis
After approximately 8 hours of the fasting period, 
blood samples to be used for biochemical analysis were 
taken from peripheral veins. Without waiting, samples 
were centrifuged at 3000x g for 10 minutes and stored 
at -80 degrees until sufficient numbers were reached. 
To evaluate oxidative status, TDH markers, LOOH, 
TOS, TAS and OSI values were analyzed in stored 
samples.

TDH Analysis 
A new and fully automated technique defined by Erel et 
al, was used to measure total thiol, disulphide levels and 
native thiol in samples stored under appropriate 
conditions.[6] This new method is based on the conversion 
of sulfhydryl groups of proteins into recycled disulphide 
forms under oxidative conditions and the reduction of 
disulphide compounds to thiol groups once the 
oxidative stress is eliminated. The amount of dynamic 
disulphide compounds was determined by dividing the 
difference of total thiol and native thiol values by two. 
Following this, total thiol and disulphide amounts, 
native thiol/total thiol ratios, disulphide/total thiol 
ratios and disulphide/native thiol ratios were calculated 
as a percentage.

LOOH Analysis 
Serum LOOH values were determined using an automat-
ed xylenol orange method.[10,11] Ferrous ions were 
obtained when LOOH was oxidized to ferric ions. The 
obtained results were evaluated using xylenol orange.

TOS, TAS and OSI Analysis
TOS values detected using the Rel Assay Diagnostics kit 
(Rel Assay Diagnostics kit, Mega Tip, Gaziantep, Turkey) 
with the Erel method were specified as μmol H2O2 equiv/
L.[12] In the Erel method, oxidation reactions that are 
increased by glycerol molecules, oxidize ferrous ion-o-
dianisidine complex to ferric ions. The color intensity 
of the iron ions resulting from the complex formed by 
the xylenol orange indicates the total amount of oxidants. 
Calibration of the test was performed using hydrogen 

peroxide. TAS values calculated using the Rel Assay 
Diagnostics kit (Rel Assay Diagnostics kit, Mega Tip, 
Gaziantep, Turkey) were specified as μmol Trolox Equiv/
L.[12] The Fenton reaction induces free radical reactions 
and this was followed using dianisidyl radical absorbance. 
Free dianisidyl radicals were used in relative amounts in 
the measurement of the antioxidative effect. The 
formula OSI (arbitrary unit) = TOS (mmol H2O2 
equivalent/L) / TAS (mmol Trolox equivalent/L) was 
used to determine the OSI value.[12,13]

Statistical Analysis
SPSS software version 22.0 (SPSS Inc., Chicago, IL, 
USA) was used to evaluate the statistical analysis of all 
data. Pearson chi-squared test was performed in gender 
evaluation statistics of the groups. The obtained 
comparison results were reported as percentages and 
numbers. An independent sample t-test was used to 
compare continuous variables between the groups. The 
results of this comparison are given as mean (standard 
deviation). For values <0.05, p was accepted to be 
statistically significant.

Results
Age, gender and BMI data of all groups are presented in 
Table 1. Biochemical data of group 1, group 2 and group 
3 are presented in Table 2.

Discussion 
The main purpose of this study was to evaluate the rela-
tionship between COM and OS with LOOH, TAS, 
TOS and OSI parameters, in addition to TDH as a 
novel OS parameter. Previous studies have examined 
TOS, TAS and OSI values in cases with COM.[4] With 
regard to the literature, our current study uniquely 
differs from previous research since the TDH marker 
was analyzed for the first time in this research study. 
For this purpose, serum levels of LOOH, TOS, TAS, 
OSI and also TDH parameters in patients were 
compared for the ncCOM, cCOM, and healthy control 
groups.

ROS may damage the integrity, structure and 
function of the cell membrane, proteins and 
deoxyribonucleic acid (DNA).[3,14] OS is accepted to play 
an important role in the pathogenesis of several diseases 
prevalent in humans and experimental animals.[15-19] 
Furthermore, LOOHs resulting from lipid peroxidation 
by ROS disrupt the integrity of the cell membrane.[18,19]
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Although many different factors have been blamed for the 
etiopathogenesis of COM, this has not been elucidated in 
all aspects.[2,20] Due to oxidative stress, many factors such as 
genetics, eustachian tube dysfunction, autoimmunity, 
environmental factors, socioeconomic factors, 
recurrent upper respiratory tract infections, craniofacial 
malforma-tions, toxins, lipid peroxidation products, 
chemokines and cytokines responsible for the chronic 
state of inflammation are implicated in the 
etiopathogenesis of COM.[21] All of these factors are 
considered to increase the amount of free oxygen radicals 
(FORs) that are at the root of many pathological 
disorders.[22] It has been suggested that FORs may have a 
role in the etiology of COM. COM usually develops on 
the basis of recurrent acute attacks on COM with 
effusion (OME).[23] In the chronic process of 
inflammation, redox activity increases with the effect of 
mediators such as chemokines and cytokines. OS starts 
and continues as a result of the stimulation of redox 
mechanisms.

Peroxidation of lipids in middle ear cells can delay the 
healing process and increase inflammation severity. This 
process can eventually lead to a chronic condition. Stud-
ies have shown that ROS may be effective in the chronic 
process of otitis media with effusion.[24] Yılmaz et al [25] 
have examined the effects of ventilation tube application 
on the oxidant/antioxidant balance of children with EOM. 
In this research, they reported that the plasma antioxidant  

level increases and the oxidant level decreases in children 
with EOM after surgery. Khakimov et al [26] reported 
thatthe oxidation products of children with suppurative 
otitis media had higher levels than the control group and 
lower antioxidant enzyme levels. Increased chronic 
inflammation in the middle ear mucosa may lead to polyp 
and cholesteatoma development due to mucosal 
metaplasia.[27] Hamzei M et al [28] have shown that 
activation of macrophages and T-cells is elevated in the 
cholesteatoma tissue. Another study suggests that there is 
a relationship between chronic inflammation and bacterial 
biofilms in the cholesteatoma caused by pathological 
activation of osteoclasts through proinflammatory 
cytokines.[29] Camps et al [30] suggested that antioxidant 
systems may be an effective protection system against 
the harmful effects of biofilms. In another study, it was 
suggested that there is a statistically significant reduction in 
the antioxidant system in cases with cCOM, and this 
decrease may have a major part in biofilm development in 
the tissue of cholesteatoma.[4] In our study, the detection 
of more pronounced oxidative stress findings in cCOM 
supports this view.

TDH is an important component of the basic defensive 
systems of the body against the detrimental effects of OS. 
As a result of TDH deterioration, disulphide compounds 
that are continuously increasing may lead to various dis-
orders in many systems of the human body. Therefore, 
the importance of TDH is increasing more and more. 

Table 2: Biochemical data of Group 1, Group 2 and Group 3

Biochemical markers Group 1 
(mean±SD)

Group 2 (mean±SD) Group 3 (mean±SD) (Group 1-3)
p-value

(Group 2-3)
p-value

Native thiol (mmol/L) 407.52±43.10 378.22±50.22 427.37±41.66 <0.05 <0.01

Total thiol (mmol/L) 439.15±37.03 418.04±39.71 456.24±36.73 <0.05 <0.01

Disulphide (mmol/L) 15.81±13.34 19.91±14.50 14.43±11.33 0.69 0.06

Disulphide/native thiol (%) 4.12±3.93 5.69±4.76 3.54±3.21 0.53 <0.01

Disulphide/total thiol (%) 3.59±3.02 4.82±3.48 3.16±2.49 0.55 <0.01

Native thiol/total thiol (%) 92.8±6.04 90.35±6.96 93.66±4.99 0.55 <0.01

Lipid hydroperoxide (μmol/L) 9.2±1.39 10.23±1.08 8.95±1.15 0.43 <0.01

Total antioxidant status 
(mmol Trolox Equiv/L)

1.14±0.28 1±0.12 1.15±0.23 0.92 <0.01

Total oxidant status 
(μmol H2O2 equiv/L)

13.07±1.75 22.25±2.98 11.10±0.93 <0.01 <0.01

Oxidative stress index 
(arbitrary units )

1.19±0.29 2.24±0.43 1.00±0.20 <0.01 <0.01
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