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ABSTRASCT

OBJECTIVE: Polycystic ovary syndrome, myoma uteri and endometrioma are frequently seen gyneco-
logic problems and all three diseases may cause infertility. Aim of this cross-sectional study was to com-
pare total antioxidant status, ceruloplasmin, total sulfhydryl , total oxidant status, lipid hydroperoxide and
oxidative stress index levels in endometrial flushing fluid of patients with Polycystic ovary syndrome
(n=20), uterine leiomyoma (n=20), endometrioma (n=19), and healthy women (n=20).

STUDY DESIGN: We compare endometrial flushing fluid of patients with polycystic ovary syndrome
(n=20), uterine leiomyoma (n=20), endometrioma (n=19) and healthy women (n=20). Endometrial flush-
ing fluid samples were collected during the implantation window of all women.

RESULTS: Mean age of groups was 28.90+5.45, 37.25+2.73, 32.8416.62 and 32.15+5.18 in Polycystic
ovary syndrome, myoma uteri, endometrioma and control groups, respectively (p<0.05). Mean total an-
tioxidant status, ceruloplasmin and total sulfhydryl levels indicating antioxidant state were comparable
between Polycystic ovary syndrome, myoma uteri, endometrioma and control groups (p=0.806,
p=0.156, p=0.328 respectively for markers). Similarly, oxidant state-related markers didn’t differ signifi-
cantly between 4 groups (p=0.090 for total oxidant status, p=0.087 for lipid hydroperoxide, p=0.312 for
oxidative stress index).

CONCLUSION: Endometrial flushing fluid total antioxidant status, total oxidant status, lipid hydroperox-
ide, ceruloplasmin, and total sulfhydryl levels during implantation window didn’t differ between women
with Polycystic ovary syndrome, uterine leiomyoma, endometrioma, and healthy controls.

Keywords: Endometrial flushing fluid oxidative stress, Endometrial receptivity, Endometrioma, Myoma
uteri, Polycystic ovary syndrome
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Polycystic ovary syndrome (PCOS), myoma uteri and en-
dometrioma are frequently seen gynecologic problems and all
three diseases may cause infertility. Impaired endometrial re-
ceptivity is common infertility causing factors and may be re-
lated to these diseases. Endometrial receptivity might be ham-
pered by abnormal cytokine levels, hormonal signaling, and
epigenetic factors. For this reason, a better understanding of
endometrial receptivity at the cellular and molecular level and
identification of the role implantation markers in this process
might help predict pregnancy outcomes and allow the use of
assisted reproductive techniques to improve the success rate.
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Recent biochemical and genetic studies on the pathogene-
sis of PCOS and endometriosis are focused on the single nu-
cleotide polymorphisms affecting oxidative stress (OS) (1).
These studies suggest that the maintenance of pro-antioxidant
equilibrium is important for the physiology of reproduction
(2), embryopathies and pregnancy (3). There is strong evi-
dence for the pathogenesis of diseases leading to infertility.
OS holds great importance as it is one of the most important
factors negatively affecting in-vitro artificial reproductive
techniques (ART) outcomes (4).

Oxidative stressrefers to elevated intracellular levels of re-
active oxygen species (ROS) (5). ROS are permanently pro-
duced in the body during metabolic activities. To minimize the
damage to cells, ROS are continuously eliminated by different
intra - or extracellular antioxidative mechanisms (6,7).
Reduced antioxidative capacity and an increase in the produc-
tion of ROS lead to OS, which is detrimental to cells (8). It is
pointed out in the literature that ROS play a role in the patho-
genesis of many diseases (6,9).

For PCOS, myoma uteri and endometrioma patients, the
effect of OS on endometrial receptivity for both natural fertil-
ity and assisted reproductive technique is an important open
question. As a first step in answering this question, comparing
OS levels in the endometrium of these diseases will help un-
derstand their OS-related etiology and the mechanisms behind
infertility.

Recent studies use several OS markers to compare oxida-
tive state but most studies compare them in serum. Both total
antioxidant status (TAS) and total oxidant status (TOS) are re-
liable and sensitive indicators of the current oxidant-antioxi-
dant situation in the body and are tested for a variety of med-
ical situations and health problems (10). Lipid hydroperoxide
(LOOH) is an important marker of OS formed from unsatu-
rated  phospholipids, glycolipids and cholesterol.
Ceruloplasmin (Cp) is an acute-phase plasma protein with an-
tioxidant property (11). On account of the complex formation
with ferroportin I, the membrane-bound Cp found in astrocytes
participates in regulation of iron levels in the prevention of free
radical reactions (12). Finally, total sulthydryl (-SH) groups are
very important for maintaining the cellular redox status (11).

There are few studies in the existing literature comparing
the oxidant-antioxidant situation in endometrium of gyneco-
logic diseases and healthy patients. For this purpose, we com-
pare the OS marker levels listed above (TAS, Cp and total —
SH indicating antioxidant state; TOS, LOOH and OSI indicat-
ing oxidant state) in endometrial flushing fluid of patients with
PCOS, uterine leiomyoma, endometrioma, and healthy
women.

Material and Method

This cross-sectional study was conducted between January

124

- June 2013 at Izmir Katip Celebi University Ataturk
Education and Research Hospital. Patients were recruited
from the outpatient gynecology and infertility clinics. The
study was approved by the local ethics committee of the Izmir
Katip Celebi University Faculty of Medicine (2013-177-178-
179). All subjects were informed about the research verbally
and written informed consent was obtained from all. The
Helsinki declaration was followed. The study was conducted
with patients that were also part of another study (13). The
current study focuses on the comparison of OS markers
among healthy patients and patients with benign gynecologi-
cal diseases, whereas the earlier study investigated endome-
trial receptivity marker levels of the same population.

Volunteers between 20-40 years-old with regular periods
(between 21-34 day); diagnosed with PCOS, endometrioma or
uterine myoma, having no intrauterine device, not using hor-
monal contraception or taking medications that may affect the
endometrium and with the intellectual capacity to comprehend
the information about the study and provide written consent
were included in the study.

Being pregnant, smoking, having pelvic infection symp-
toms, having luteal phase serum progesterone levels <3 ng/dL,
opting out of the study and any suspicion of endometrial
pathology (endometrial polyps, submucous fibroids, etc.) were
the exclusion criteria. The evaluation of these pathologies
were made based on transvaginal ultrasound (TV-USG)
(Medison SonoAce, AM Company Co. Ltd., South Korea) and
saline infusion sonography (SIS) that were routinely per-
formed on patients after endometrial fluid sampling.

In the study, the first group included 20 subjects with
PCOS who were diagnosed according to Rotterdam criteria
(14). The second myoma uteri group included 20 patients with
at least one intramural myoma uteri with 3-10cm diameter as
measured on TV-USG. The third group included 19 en-
dometrioma patients who satisfied all three of the following
criteria: (i) pelvic pain, (ii) dysmenorrhea, (iii) at least one
unilocular cyst larger than 3cm on TV-USG with diffuse ho-
mogeneous ground-glass echoes due to probable hemorrhagic
debris. Lastly, the control group included 20 otherwise healthy
reproductive-aged women. The fertility state of the patients
was not used as a criterion in defining the groups.

Sexual intercourse was prohibited until the sampling of
the endometrial flushing fluid in that menstruation cycle.
After the confirmation of ovulation based on blood proges-
terone levels at the implantation window, endometrial fluid
sampling was carried out following a procedure similar to the
saline infusion sonography technique. A bivalve disposable
speculum was inserted into the vagina and a menstrual regu-
lating cannula (4 mm diameter) was introduced into the uter-
ine cavity through the cervical canal. A syringe was then used
to instill 5ml of sterile saline into the uterine cavity. The uter-
ine contents were aspirated quickly. The procedure was re-
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peated two times, after which the samples were collected in
separate Eppendorf tubes, centrifuged and stored at -80°C.
The subjects were kept under observation for about half an
hour after endometrial fluid sampling.

After endometrial fluid samples were collected and cen-
trifuged from all patients, Cp enzymatic activity was meas-
ured according to Erel’s method (15). The level of the total —
SH of the serum samples were assayed according to Ellman’s
method (16). Serum LOOH levels were measured with the fer-
rous ion oxidation-xylenol orange (FOX-2) method (17).
Measurement of plasma TOS levels were determined using a
novel automated colorimetric measurement method developed
by Erel (18). The results were recorded in micromolar hydro-
gen peroxide equivalent per liter (umol H202 Eq/L).
Endometrial flushing fluid TAS levels were measured using a
novel automated colorimetric measurement method developed
by Erel again (19). Results were recorded in mmol
TroloxEq/L. The percent ratio of the TOS to TAS level was ac-
cepted as an oxidative stress index (OSI). To calculate this
index, the unit of the TAS, mmolTrolox equivalent/l, was con-
verted to pmol equivalent/l, and the OSI value was calculated
based on the formula OSI=((TOS, pmol/1)/(TAS, (pmol
TroloxEquiv/l) x 100) (20).

For the statistical analysis, SPSS, Version 21.0 (SPSS Inc.,
Chicago, IL) was used. All values were reported as median,
min—max and mean = SD. Normality was tested by Shapiro-
Wilks and Levene’s tests. The Kruskal-Wallis H test was used
for comparison of the variables between the groups. P value
<0.05 was considered as statistically significant.
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Results

There were no major complications during or after the pro-
cedure regarding cervical or uterine bleeding, laceration or
pelvic infection.

Table I reports the demographic and baseline characteris-
tics of the patients. The average age of PCOS, uterine myoma,
endometriosis and control group patients were 28.90, 37.25,
32.84 and 32.15, respectively. The difference between en-
dometrioma and the control group was not statistically signifi-
cant. For all other two-group comparisons, the difference was
significant. Mean body mass index (kg/m?) was the highest in
PCOS group (26.65), lowest in endometrioma group (21.71;
all p<0.01 compared to other three groups) and similar for
uterine myoma (24.93) and control (24.92) groups. Mid-luteal
phase serum progesterone levels (ng/mL) were similar in uter-
ine myoma (9.61), PCOS (9.47) and control groups (8.75),
while it was lower in a statistically significantly way in the en-
dometrioma group (6.26; p<0.01, 0.05, 0.05, respectively).
Moreover, both average gravida and parity values were lowest
in the PCOS group and highest in the control group with a sta-
tistically significant difference between groups (Table I).

As shown in table I, and figure 1 and 2, markers indicat-
ing antioxidant state were quite similar in all 3 benign gyne-
cologic diseases and control women (p=0.806 for TAS,
p=0.156 for Cp, p=0.328 for —SH). In a similar vein, markers
indicating OS didn’t differ significantly between the PCOS,
myoma uteri, endometrioma and control groups (Table II).
However, TOS values were the lowest in the control group
(0.12+0.04), LOOH levels were the highest in endometrioma
group (7.5943.08) and p-values were slightly over 0.05
(»=0.09 and p=0,087, respectively).

Table I: Demographic and baseline data including pairwise comparisons

PCOS Myoma uteri Endometrioma Control
(n=20) (n=20) (n=19) (n=20) P
29 (20-38) 38(32-40) 34 (20-40) 34 (22-39)
A 0.000
ge, (vear) (28.90+5.45)abe (37.25+2.73)p° (32.84+6.62) (32.15+5.18)
26 (18.10-35.30) 25 (19.50-35) 21.4 (17.5-27.3) 24.7 (19-31.2)
BMI, (kg/m? 002
- (kg/m?) (26.65+4.74) (24.93+4.01)! (21.7142.92) (24.92+3.67) 0.00
1(0-4)
i 0.5 (0-1) 2 (0-5) 3 (2-8)
Gravidit 0.000
ravidity, (n) (0.50+ 0.51)e (1.75+1.52) (0.97+1.22) (3.75+1.77)
. 0 (0-1) 1(0-3) 0 (0-3) 3 (1-8)
Parity, 0.000
arity, (n) (0.35£0.49)f (1.5+1.04) (0.789+1.03) (2.90+1.37)
Progesteron, 8.39 (3.71-19) 7.04 (3.47-21.73) 4.6 (3-14.49) 8.53 (3.75-17.77) 0.035
(ng/mL) (9.47+4.17)° (9.61£5.56)° (6.26 +3.57)¢ (8.75+3.67) '

Values are presented as median (min-max) (mean + SD); PCOS = Polycystic ovary syndrome; BMI = body mass index. p-values were calculated
with Kruskal-Wallis H test. p<0.05 compared with control (a) and endometrioma (b). p<0.01 compared with control (c), endometrioma (d) and myoma

uteri (e). p<0.001 compared with control (f).
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Table Il: Comparison of total antioxidant status, total oxidant status, lipid hydroperoxide, ceruloplasmin, and sulfhydryl levels among
groups

PCOS Myoma uteri Endometrioma Control

(n=20) (n=20) (n=19) (n=20) P

0.04 (0.01-0.38) 0.04 (0.01-0.70) 0.03 (0.01-0.46) 0.04 (0.01-0.58)
TAS [TroloxEq/L 0.806

(mmolTroloxEa/L) - 19.10.11 0.09£0.16 0.09+0.13 0.10+0.14

Ceruloplasmin 234.5(224.8254.4) 2354 (222.0-249.8) 2405 (226.6-257.2)  237.7 (227.6-419.0) .
(UIL) 235.647.4 235.047.7 240.8+8.9 246.0+41.3 '
Sulfhydryl 0.11 (0.10-0.23) 0.11 (0.10-0.37) 0.11 (0.09-0.24) 0.11 (0.08-0.24) 0.328
(mmol/L) 0.130.04 0.13+0.06 0.12£0.04 0.12+0.04 '
TOS 10.88 (7.45-73.45) 8.27 (7.37-42.30) 12.63 (7.56-82.54) 8.05 (7.39-93.75) 0.090
(umol H202 Eq/L) 14.92414.44 12.0129.09 16.44£16.98 14.70£19.31 '
Lipid hydroperoxide ~ 6.60 (6.00-18.40) 6.22 (5.97-12.25) 6.89 (6.01-19.79) 6.30 (5.87-22.61) 0.087
(umol/L) 7.45+2.71 6.85+1.61 7.59+3.08 7.32+3.68 '
osl 26.01 (6.57-75.65) 21.56 (4.45-64.46) 36.60 (4.73-68.56) 27.81 (6.86-51.20) 0312
(TOS/TAS) 28.34+18.82 26.99+17.94 35.73+17.90 26.99+14.99 '

TAS: Total antioxidant status, TOS: Total oxidant status, OSI: oxidative stress index. PCOS: Polycystic ovary syndrome. Values are presented as
mean + SD , * Kruskal-Wallis H test
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Figure 1: Comparison of antioxidant state related marker (Total antioxidant status, ceruloplasmin, and sulfhydryl) levels among
groups
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Figure 2: Comparison of oxidant state related marker (Total oxidant status, Lipid hydroperoxide, and oxidative stress index) lev-
els among groups

Discussion OS levels in endometrial flushing fluid of patients with PCOS,
endometrioma, uterine leiomyoma and in healthy women. The
The aim of this cross-sectional study was to evaluate the study did not find any statistically significant difference in
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TAS, Cp, total-SH, TOS, LOOH and OSI levels between pa-
tients with PCOS, endometrioma, uterine leiomyoma, and
healthy controls.

Oxidative stress is a state of imbalance between the pro-
duction of free radicals during normal aerobic metabolism or
intra- and extracellular pathologic events and the ability of the
body to counteract their harmful effects through neutralization
by antioxidants (1). It has critical roles in the normal function-
ing of the female reproductive system (4). The effect of OS on
male infertility has been well-established, but its impact on fe-
male reproductive disorders is an open question. ROS and re-
active nitrogen species (RNS) may negatively affect embryo
implantation and induce reproductive disorders (21).

Oxidative stress and the impaired antioxidant system has
been proposed as a potential factor involved in the pathophys-
iology of diverse disease states and in the development of fe-
male reproductive diseases such as endometriosis and PCOS
(4). TAS and TOS have been investigated as potential causes
for a wide range of medical issues. Recent biochemical and
genetic studies on the pathogenesis of PCOS and endometrio-
sis were focused on the Single Nucleotide Polymorphisms
(SNPs) affecting OS (22).

Polycystic ovary syndrome is the most common en-
docrinopathy in women of reproductive age with a prevalence
rate of 5-10% and can lead to conditions such as infertility, re-
current spontaneous abortions. In the existing literature, in-
creased oxidative state is evaluated by circulating markers of
patients with PCOS. Relying on this approach, Hilali et al.
(2013) found increased TOS and OSI levels (23) and Zuo et al.
(2016) found increased malondialdehyde, superoxide dismu-
tase and glutathione peroxidase levels in the serum of the
women with PCOS (24). Torun et al. found PCOS patients
without metabolic syndrome and insulin resistance had in-
creased LOOH, TOS levels and OSI ratio indicating increased
OS in their serum (25). Zhang et al. in 2017 found elevated
TOS and OSI levels in patients with different clinical pheno-
types of PCOS, compared to controls (26). Finally, Turan et al.
found elevated OS marker levels such as malondialdehyde and
glutathione peroxidase in infertile PCOS patients compared to
non-infertile PCOS group (27). As a contribution to this liter-
ature, the current study is the first to measure TAS, TOS,
LOOH, Cp and -SH levels in the endometrial flushing fluid
during implantation period and finds that the levels are not sig-
nificantly different in PCOS patients than the control group.

Our second study group was women with endometrioma.
Despite limited information about the etiology of endometrio-
sis, it is conjectured that in an oxidant state, ROS might in-
crease the growth and adhesion of endometrial cells in the
peritoneal cavity (28). Previous studies have reported the
close relationship between OS and endometriosis (29).
Several studies have reported the elevated levels of OS mark-
ers and reduced levels of total antioxidant capacity in serum
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and follicular fluid of women with endometriosis (30).
Turkyilmaz et al. found higher plasma disulfide and lower Cp
levels in advanced stage endometriosis patients but the differ-
ences were statistically insignificant (31). They concluded that
the use of antioxidants may become valuable treatment modal-
ities for endometriosis in the future. Similarly, another recent
study found higher TOS, OSI and Cp and lower TOS and HDL
levels in women with advanced-stage of endometriosis than in
the control groups (32). Nonetheless, conflicting results were
reported in further studies with large patient numbers, which
failed to demonstrate an antioxidant or oxidant balance
(29,30). To the best of our knowledge, there is only one study
investigating oxidative state in eutopic endometria of women
with endometriosis, where authors reported that the levels of
malondialdehyde and total sulthydryl groups and glutathione
peroxidase activity were similar in the eutopic and ectopic en-
dometria, whereas the superoxide dismutase activity was
found to be significantly higher in the latter ectopic endome-
trial tissue (33).

Reactive oxygen species may be involved in the regulation
of the expression of genes encoding cytokines and cellular ad-
hesion molecules implicated in the pathogenesis of en-
dometriosis (34). Endometrial receptivity might be hampered
by oxidant state in the eutopic endometrium of endometriosis
patients. To the best of our knowledge, there is only one study
investigating endometrial oxidative status in endometriosis
patients (33). However, our study was the first to study this
question with the non—invasive endometrial flushing method.
As it was the case with the PCOS group, for all 6 oxidative
markers that we studied, there was no statistically significant
difference between patients with endometrioma and control
groups in the uterine irrigation fluid during the implantation
window.

Recent studies suggest that intramural or submucosal
leiomyomas affect fertility through their impact on overlying
endometrial tissue and endometrial receptivity (35).
Therefore, we chose the women with leiomyoma as the third
group to investigate the oxidative state in its endometrium.
There are a limited number of studies investigating the oxida-
tive state in the endometrium of myoma uteri patients, most of
which are by Pejic et al. (36,37). As far as we know, higher
LOOH levels might reflect the impaired oxidant/antioxidant
balance in favor of OS (38) and Pejic et al. found insignificant
moderate elevation of LOOH in plasma of myoma uteri pa-
tients compared to controls. The same study also compared
LOOH Ilevels in endometrial biopsy specimens, but there was
no control group. It found that the LOOH level was signifi-
cantly lower in myoma subjects’ relative to patients with sim-
ple or complex hyperplasia and adenocarcinoma (39). Nayki
et al. (2017) compared oxidative state in endometrial biopsy
specimens of benign gynecologic diseases, and the differences
in antioxidant enzyme activities, TAS and TOS between
myoma and control groups were insignificant (40). There was
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no other study in the literature investigating mid secretory
phase endometrial flushing fluid TAS and TOS levels. This
study is the first in the literature to tackle this question and
finds that mean TAS, TOS, LOOH, Cp and total-SH levels
were similar in myoma uteri and control women.

The results of the current study offer a new perspective on
the oxidative state in the endometrium of women with PCOS,
myoma uteri and endometrioma patients. In the existing liter-
ature, there is consensus on the presence of increased systemic
OS in plasma of these women compared to healthy patients.
However, the results of this study do not support the findings
of previous literature. On the other hand, this finding should
be interpreted with caution, as there are some limitations of
the present study as discussed below.

One limitation of the current study those baseline demo-
graphic findings of different groups were not similar. A second
concern is the use of the uterine flushing technique to analyze
the endometrial receptivity markers. This method has some
advantages and disadvantages compared to immunohisto-
chemistry using the endometrial tissue of the volunteers.
Arguably, uterine flushing was studied in the literature less
commonly; nevertheless, it is less invasive and more accept-
able to the patients.

In conclusion, this study provides evidence that endome-
trial flushing fluid total oxidant and antioxidant status, LOOH,
Cp and total-SH levels did not differ between patients with
polycystic ovary syndrome, endometrioma, myoma uteri, and
control women. Further studies with larger sample sizes, more
homogenous patients and different endometrial sampling tech-
niques are needed to test whether endometrial oxidative stress
may be affected in infertile women with different etiology.
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