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ABSTRACT

Objective: This preliminary study aims to use "dynamic thiol/disulfide homeostasis"
with the new Erel method to evaluate the effect of oxidative stress in patients with
endometrioma.

Material and Method: The study group consisted of 40 cases with histologically
confirmed endometrioma, and 40 women with no laparoscopically confirmed
endometriosis were taken as the control group. Plasma thiol, total thiol (TT), and
disulfide (SS) levels were measured with the new, fully automatic method described by
Erel and Neselioglu. Serum Ca-125, sedimentation (Sed), C-reactive Protein (CRP), and
thiol/disulfide levels were measured. The two groups' plasma thiol, total thiol, and
disulfide levels were compared, and the relation between thiol/disulfide homeostasis and
stage of the endometriosis, Ca-125, Sed, and CRP was evaluated.

Results: In cases with endometrioma, disulfide/native thiol (3,12+2,02, 2,05+1,21,
p=0,005) and disulfide/total thiol ratios (3,50+2,52, 2,22+1,36, p=0,006) were
significantly increased, native thiol (469,30+126,52, 571,72+125,32 p=0,00) total thiol
levels (505,17 + 133,88, 603,0+134,22 p=0,02) were significantly decreased when
compared with the control group. There was a positive correlation between native thiol
level and revised American Society for Reproductive Medicine Classification (r-ASRM)
(p=0,041).

Conclusion: As expected, "dynamic thiol/disulfide homeostasis” with the new Erel
method, the significant decrease in total thiol and native thiol levels, which are used as
oxidative stress markers, and the increase in disulfide values demonstrated by this study
support the hypothesis that oxidative stress plays a role in endometriosis and these
markers can be used in the management of endometriosis.
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INTRODUCTION

The presence of functional endometrium outside the uterine cavity is defined as
endometriosis. Endometriosis is an estrogen-dependent, benign gynecological disease that
affects an important percentage of women of reproductive age. Endometriosis is associated
with an altered inflammatory response in the peritoneal cavity (1,2). The prevalence of
endometriosis is estimated at around 20-50% in the infertile patient group (3,4). Almost 17
to 44 % of patients with endometriosis will have endometrioma in the future (5,6) . The
most common symptoms are dysmenorrhea, dyspareunia, dyschezia, and dysuria according
to the localization of the endometriotic implants (2).

Although the etiology and pathogenesis of endometriosis are not well known, many studies
are investigating the relationship between endometriosis and oxidative stress as oxidative
stress is considered to play an essential role in the formation and progression of the disease
(8-11). The imbalance between the reactive oxygen species (ROS) products and the
antioxidant capacity of the system in the organism is called oxidative stress (11,12).
Oxidative stress is blamed for having an adverse effect on folliculogenesis, oocyte
maturation, ovulation, and embryogenesis (13,14). Moreover, it causes oxidative damage of
the proteins, lipids, carbohydrates, and DNA leading to cellular damage and dysfunction.
These changes may affect folliculogenesis. In patients with endometriosis, impaired
follicular development may lead to decreased oocyte and embryo quality, reduced
fertilization, and implantation rate (15).
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Reactive sulfur derivatives are produced from thiols. Thiols
are organic sulfur derivatives defined by the presence of
sulfhydryl groups (-SH) in their active site. The thiol-redox
system is very important for the normal function of the
protein in the human body (16). When the sulfhydryl group of
thiols undergoes oxidation reactions by oxygen radicals,
distlfide bonds are formed. Disulfide bonds can be reduced to
thiols again; thus, a dynamic thiol/disulfide homeostasis is
maintained. A dynamic thiol/disulfide homeostasis status
plays an important role in detoxification, apoptosis, regulation
of enzymatic activity, and cellular signaling mechanisms
(16,17). Abnormal thiol/disulfide homeostasis has been
demonstrated to play a role in the pathogenesis of many
conditions such as cardiovascular disease (CVVD), menopause,
osteoporosis, atopic dermatitis, cancer, rheumatoid arthritis,
diabetes mellitus (18-23). In recent studies, disulfide and
thiol levels of low molecular weight disulfide compounds in
plasma were determined by using high performance liquid
chromatography (HPLC) (24,25) fluorescent capillary
electrophoresis (26) and bioluminescence systems (27).
However, in these complex systems, removal of the
remaining reductants for separation processes and
precipitation of proteins is necessary (28). These pretreatment
applications and measurement procedures are time-
consuming and costly. However, to the best of our
knowledge, there is no automatic colorimetric method for the
measurement of plasma/serum dynamic disulfide levels,
(28). While only a part of this bilateral dynamic
thiol/disulfide balance was measured in the late seventies,
today it's possible to measure the arms of the balance both
separately and in combination with a new method developed
by Erel and Neselioglu (29).

Many diseases have been investigated in this new method in
which oxidative stress balance is evaluated in the literature.
We aimed to evaluate this balance in patients with
endometrioma. The primary aim of the study is to compare
the serum oxidative stress and the dynamic thiol/disulfide
homeostasis status in patients with endometrioma. The
secondary aim is to evaluate the correlation of the dynamic
thiol/disulfide homeostasis with the severity of the disease
and sedimentation, C-reactive protein (CRP), and Ca-125
values in patients with endometrioma.

MATERIAL and METHODS
Study design

This prospective study was carried out at the Infertility
Department of the Etlik Zubeyde Hanim Women's Health
Training and Research Hospital between April 2016 and
December 2016. A total of 80 patients recruited to the study
underwent laparoscopy of which 40 had removal of
endometrioma and a confirmed histological diagnosis of the
disease. Forty consecutive patients with a voluntary
laparoscopic tubal ligation and no macroscopically observed
endometriotic foci in the abdominal cavity during surgery
were taken as the control group. The study was approved by
the University of Health Sciences Turkey Etlik Zubeyde
Hanim Women's Health Training and Research Hospital
Ethics Committee (Date:08.04.2016, Decide N0:2016/2).
Informed consent was obtained from all the study
participants.
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Patient selection

Medical and gynecological histories of the study subjects
were taken, followed by clinical and gynecological
examinations. Sociodemographic and medical characteristics
of the patients (age, parity, medical history, menstrual cycle
pattern, presence of dysmenorrhea, dyspareunia, dysuria,
dyschezia) were recorded. All patients were operated on
laparoscopically by the same surgical team. Inclusion criteria
were the presence of symptomatic endometrioma with a
diameter >5 cm or symptomatic ruptured endometrioma with
a diameter less than 5 cm. Patients with a systemic disease
received hormonal treatment such as oral contraceptives,
gonadotropin-releasing hormone agonist/antagonist,
antidepressants, oral anticoagulants, non-steroidal anti-
inflammatory drugs, and corticosteroids within the preceding
3 months were excluded from the study. Other exclusion
criteria were a history of a disease that may affect
inflammatory markers (gastrointestinal infection, upper
respiratory-lower respiratory tract infections, genito-urinary
system diseases). The inclusion criteria for the study group
was having histopathologically confirmed endometrioma.
Patients having a concomitant ovarian pathology
accompanying endometrioma diagnosed during the operation
or having a histopathology report that was not compatible
with endometrioma were also excluded from the study. The
stage of the cases with endometrioma was evaluated and
recorded during laparoscopy by using the "revised American
Society for Reproductive Medicine (r-ASRM) classification”
(30).

Laboratory analysis

Venous blood samples were collected from the study and the
control group into tubes containing
ethylenediaminetetraacetic acid after overnight fasting before
the operations, and the samples were processed within one
hour of collection. The plasma samples were centrifuged at
1,500 g for 10 minutes before being stored at —80 ° C. Ca 125
IU/ml (Roche HITACHI COBAS 8000 Switzerland),
sedimentation mm (Rapida Medical Limited Company ESR-
40 Turkey), and C-Reactive Protein (CRP) mg/L (Beckman
Coulter AUB80 USA) levels were assessed with an automated
chemiluminescence system from the blood samples taken
routinely from the patients in the preoperative period.

Thiol/Disulfide homeostasis parameter measurements

Thiol/disulfide homeostasis tests (plasma native thiol, total
thiol, and disulfide levels) were measured by a new and fully
automated spectrophotometric method described by Erel and
Neselioglu21. Disulfide bonds were first reduced to form free
functional thiol groups with sodium borohydride (NaBH 4).
The unused reductant (NaBH 4) was consumed and removed

with formaldehyde to prevent the reduction of DTNB (5,5 ' -

dithiobis-(2-nitrobenzoic acid)), and all of the thiol groups,
including the reduced and native thiol groups, were
determined after the reaction with DTNB. One-half of the
difference between total thiols and natural thiols provides the
dynamic disulfide amount. Then the native and total thiols
(TT), disulfide (SS) amounts, disulfide/total thiol (SS/TT),
disulfide/native thiol (SS/NT), and native thiol/total thiol
(NT/TT) ratios were calculated.
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Statistical analysis: Sample size calculation was based on
G*Power Version 3.1.9.4 (Franz Faul, Universitat Kiel,
Germany) with 0.05 alpha error end 95% power and thus 40
patients were recruited to each group in order to provide an
effect strength of 0.708. Statistical analyses were performed
using IBM SPSS 26.0 software (IBM Corp. Released 2019.
IBM SPSS Statistics for Windows, Version 26.0. Armonk,
NY: IBM Corp). The distributions of data were determined
using the Kolmogorov—Smirnov test. Variables were
expressed as the mean + SD or median (minimum-maximum)
and percentages. Parametric data were compared using the
independent samples t-test, Pearsonc's correlations were
performed to determine correlations between thiol/disulfide
levels and Ca 125, CRP, sedimentation levels, and
endometrioma stage. A p-value of less than 0.05 was accepted
as statistically significant for all tests.

RESULTS

The distribution of sociodemographic characteristics of the
patients in the study and the control group is given in Table-1.
The mean age was similar in both groups; 33.1 + 7.8 years in
the study group and 35.1 + 6.8 in the control group (p>0.05)
(Tablel). Overall three patients had dysmenorrhea and 4
patients had dyspareunia in the control group while 38
patients had either dysmenorrhea or dyspareunia. The
symptoms of dysmenorrhea and dyspareunia were found to be
statistically significantly higher in the endometrioma group
(p<0.05), and none of the patients complained of dysuria and
dyschezia in both groups.

Ca 125 values were found to be statistically significantly
higher in the endometrioma group when compared with the
control group (p=0.023) (Tablel).

When total thiol (TT), native thiol (NT), disulphide (SS),
disulfide/total thiol (SS/TT), disulfide/native thiol (SS/NT),
native thiol/total thiol (NT/TT) values were measured for
dynamic thiol hemostasis, two parameters; TT, and NT were
statistically significantly lower in the endometrioma group
(Fig.1-2), while SS/TT, SS/INT were found to be higher than
the control group (Table 2). Although SS was found to be
increased in the endometrioma group the difference was not
statistically significant. (Table 2).

All the patients in the study group had stage 3-4
endometriosis. Out of 40 patients, 42,5% (n=17) had stage 3
endometriosis while the remaining 57,5% (n=23) were
reported to have stage 4 endometrioma. Out of 40 patients,
27,5% (n=11) of the patients had bilateral endometriomas. In
addition, when the cyst sizes were evaluated, a cyst diameter
of 5 to 10 cm was observed in 70% (n=28) patients, and a
cyst diameter >10 cm was detected in 22.5% (n=9) patients.

A positive correlation was found between bilaterality, Ca-125
levels, endometrioma diameter, and the r-ASRM score
(p<0,05). Among the thiol parameters, a positive correlation
was found between native thiol and the r-ASRM score,
showing a higher native thiol level with increasing r-ASRM
scores (p=0.041) (Table 3).

Table 1: Demographic and clinical characteristics of the endometrioma and the control group

Characteristics

Endometrioma group

Control group

(n=40) Mean + Std

Age (years) 331+78
Dysmenorrhea (N,%) 25 (62,5%)
Dyspareunia (N,%) 13 (32,5%)
C-Reactive Protein (CRP) mg/I 0,97+2,29
Sedimentation mm 18,1 13,1
Ca-125 1U/ml 115,2 £ 277,6

(n=40) Mean + Std

351+ 6,8 0,215
3 (7,5%) <0,001*
4 (10%) 0,014*

0,28+0,64 0,069

119+6,7 0,589

133+57 0,023*

Independent T Test applied *p<0,05 is statistically significant

Native Thiol Levels of Groups

Native Thiol pmoli

Endometrioma

‘{

aE

Control

Figure 1. Native Thiol Levels of the Endometrioma and Control Group
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Figure 2. Total Thiol Levels of Endometrioma and Control Groups

Table 2: Comparison of oxidative stress parameters between the endometrioma and the control group

Thiol Parameters Endometrioma Group Control Group
(N:40) Mean+Std (N:40) Mean=Std

Total Thiol (TT) pwmol/l 505,17 + 133,88 603,0+134,22 0,02*
Native Thiol (NT) pmol/l 469,30+126,52 571,72+125,32 0,00*
Disulfide (SS) umol/l 17,42411,17 15,3248,19 0,341
Disulfide / Native Thiol*100 3,12+2,02 2,05+1,21 0,005*
Disulfide / Total Thiol*100 3,50+2,52 2,22+1,36 0,006*
Native Thiol / Total Thiol*100 92,37+4,16 94,40+2,40 0,007*

Independent T Test applied *P<0,05 is statistically significant

Table 3: Cross-correlation of plasma Thiol-Disulfide levels and bilaterality, diameter, and the r-ASRM
score of the endometrioma cases

Bilaterality = Diameter  Postop Stage Sed. C-RP Ca 125

Corr. 1,000 583 416 0,062  -0,021 279
Bilaterality Sig. 0,000 0,008 0,588 0,856 0,012
N 80 40 40 80 80 80
Corr. 583" 1,000 4317 0,183 0,014 0,274
Diameter Sig. 0,000 0,006 0,259 0,932 0,087
N 40 40 40 40 40 40
Postop. Corr. 416~ 4317 1,000 -0,147 0,002 0,147
Stage Sig. 0,008 0,006 0,365 0,989 0,366
N 40 40 40 40 40 40
Native Disulfide Disulfide Disulfide
Thiol ITT INT
Corr. -0,133 -0,155 0,064 0,186 0,148 0,172
Bilaterality Sig. 0,240 0,170 0,574 0,099 0,190 0,126
N 80 80 80 80 80 80
Corr. 0,154 0,114 0,167 0,163 0,132 -0,125
Diameter Sig. 0,342 0,484 0,304 0,315 0,416 0,444
N 40 40 40 40 40 40
Postop. Corr. 0,252 324" -0,053 -0,122 -0,137 0,152
Stage Sig. 0,117 0,041 0,747 0,454 0,400 0,348
N 40 40 40 40 40 40

* Correlation is significant at the 0.05 level (2-tailed). Ca-125:Cancer Antigen 125, C-RP: c-Reactive Protein, r-ASRM Score:
Revised American Society for Reproductive Medicine Classification Score, Sed: Sedimentation,
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DISCUSSION

This is a preliminary study evaluating the relationship of
disulfide, native thiol, and total thiol levels with
endometrioma. Previous methods used to measure thiol and
disulfide levels failed to reflect plasma thiol/disulfide
homeostasis. In this study, a novel technique (29) was used to
cumulatively measure the thiol/disulfide balance by
measuring both thiol and disulfide levels. Cumulative
measurement of thiol/disulfide balance, and both thiol and
disulfide levels are performed with this new method as it has
the advantage of being user-friendly and cost-effective.

Tirkyillmaz et al. (31) evaluated the patients with
endometrioma, serum native thiol and total thiol levels in the
study group were significantly lower than the control group,
while serum catalase levels were significantly higher when
compared with the control group. Thiols act as oxygen
scavengers during oxidative stress and provide redox balance.
Plasma values of thiols are good indicators of tissue redox
potentials (32). In the presented study group with
histologically proven endometrioma, increased disulfide,
disulfide/native thiol, and disulfide/total thiol levels, and
decreased native thiol, total thiol levels were detected.

Endometriosis is a multifactorial degenerative disease that
creates a chronic inflammatory injury. Thus, glandular
fibrosis occurs with the accumulation of extracellular matrix
(ECM) components on tissues (33,34). Although the exact
pathophysiology of endometriosis is not clear, the immune
system changes and chronic inflammation are thought to be
very important in the progression of the disease. In a
systematic review published in 2012, a total of 36 oxidative
stress biomarkers were evaluated in patients with
endometriosis. The authors reported that 23 of the 36 markers
were significantly higher in patients with endometriosis in
comparison to the control group. These findings emphasize
the importance of oxidative stress in the pathogenesis and
progression of endometriosis (11). We also observed an
increase in Sedimentation, C-Reactive Protein, and Ca-125
levels in the endometrioma group in our study.

Various non-hormonal treatment modalities that demonstrate
antioxidant, anti-inflammatory, anti-tumor, anti-angiogenic,
and anti-metastatic properties, such as curcumin, Vitamin C
have been used to regress the endometriotic lesions and
reduce endometriosis-related symptoms (35, 36). Guney et al.
(37) reported the anti-oxidant, anti-inflammatory, and
immunomodulatory effect of melatonin in a rat model after
showing regression of the endometriotic implants with

melatonin. In rats treated with melatonin, the level of
malondialdehyde (MDA) in the endometriotic implants
decreased statistically significantly and activities of

antioxidant enzymes superoxide dismutase (SOD) and
catalase (CAT) were significantly increased thus the
endometriotic foci regressed. Antioxidant treatments in pre-
clinic studies and regression of the endometriotic foci in
animal studies direct the researchers to investigate new
treatment modalities.

A positive correlation was found between cyst diameter and
serum Ca-125 level and r-ASRM scores in patients with
endometrioma. In addition, a positive correlation was found
between native thiol and the r-ASRM scores. Recently, the
relationship between the severity of endometriosis defined by
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using the r-ASRM score and oxidative stress was investigated
by Amreen et al. The researchers reported the lowest median
superoxide dismutase activity and glutathione peroxidase and
highest lipid peroxide median activity in patients with the
severe endometriosis cases who defined by r-ASRM score
(38). This new thiol-disulfide method can be used by the
clinician before the operation to predict the severity of the
disease.

The strength of this study is the utilization of the novel
thiol/disulfide homeostasis method in understanding the
relationship between the severity of endometrioma and
oxidative stress. The limitation of this study is the restricted
number of patients recruited. Despite this limitation, the
presented research is a pioneering study that evaluated a
novel technique in cases with endometrioma.

CONCLUSION

Although the pathophysiology of endometrioma is unknown,
it is recognized as a multifactorial disease that is exacerbated
by oxidative stress. The significant decrease in serum total
thiol, native-thiol levels and increased disulfide levels
observed in patients with endometrioma supports the
hypothesis that oxidative stress plays a role in endometriosis.
These non-invasive serum markers can assist to the clinicians
during the treatment, pre-operation, and follow-up of the
disease. This preliminary study demonstrates novel
thiol/disulfide homeostasis in patients with endometrioma.
However, there is a need for more studies using this new
method with a larger number of cases recruited.
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