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ABSTRACT
OBJECTIVE: The mechanism of the leiomyoma formation process is still unknown. However, the menstrual cycle is associated with hypoxia, and ongoing hypoxia is associated with cellular events leading
to the conversion of myometrial cells into uterine fibroids. After the hypoxic environment, the balance of
cellular cytokines and growth factors changes. It was planned to evaluate the balance of oxidative
agents and the role of oxidative stress in the formation of uterine fibroids.
STUDY DESIGN: The study was conducted in patients of gynecology outpatient clinic of Ankara
Oncology Training and Research Hospital. Those volunteers with fibroids formed the study group, and
the healthy ones were identified as the control group. A total of 64 subjects, 32 in both groups were included. The levels of catalase, ceruloplasmin, myeloperoxidase, native thiol, disulfide, and total thiol levels were investigated in groups.
RESULTS: Antioxidant parameters such as native thiol, disulfide, and total thiol levels were significantly
decreased in the uterine fibroid group. Catalase, ceruloplasmin, and myeloperoxidase levels were not
statistically different between groups.
CONCLUSION: Decrease in these antioxidant parameters showed that the hypoxia and the balance of
oxidant and antioxidant substances changes may probably have aociated with the pathophysiology of
uterine fibroids.
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Introduction
Uterine ﬁbroids are benign smooth muscle tumors originating from myometrium, containing various amounts of ﬁbrous tissue. The incidence of uterine ﬁbroids observed in the
reproductive age of women over 30 years of age is between
30% and 70% (1). In many women, uterine ﬁbroids are clinically insigniﬁcant and asymptomatic. However, their number,
size, and placement in the uterus may cause various symptoms. Although most of them do not produce any signs, up to
20% may cause excessive and irregular bleeding, anemia,
pelvic pain, bowel and bladder dysfunction, and pain symptoms during sexual intercourse (2). In addition, uterine ﬁbroids are also associated with recurrent pregnancy losses or
infertility (3).
Uterine ﬁbroids with different clinical presentations and
which may cause serious symptoms can cause signiﬁcant morbidity, the cost for the health system, reduce the quality of life
for many patients, and can lead to a need for treatment including surgical intervention.
For these reasons, considering the high prevalence, it constitutes an important part of daily gynecology practice.
Considering the causes of hysterectomy, uterine ﬁbroids are the
leading indications. According to the clinical ﬁndings of the
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patients, non-surgical treatment methods that can be recommended including follow-up, medical treatments or radiological interventions. Therefore, the discovery of new treatment
methods or preventive mechanisms that will remove them from
surgical treatment will beneﬁt public health in all respects.
Examining the etiologic and pathophysiological risk factors, endogenous and exogenous estrogen exposure is at the
forefront and constitutes the basis of many treatment modalities. However, chromosomal anomalies and the events related
to the intracellular metabolism are thought to play a role in the
formation of uterine ﬁbroids (4). In studies on intracellular
pathways, the microenvironment was more hypoxic in ﬁbroids
compared to normal myometrium, and antioxidant enzyme
systems were observed to be deteriorated (4). All of these are
thought to play a role in the pathophysiology of uterine ﬁbroids and are the subject of many scientiﬁc studies.
In this study, we compared the oxidative and antioxidative
markers of individuals with and without uterine ﬁbroids. It
was planned to evaluate the role of oxidative agents and oxidative stress in the formation of uterine ﬁbroids.

Material and Method
The study was carried out in a gynecology outpatient clinic
of Ankara Oncology Training and Research Hospital. The volunteers of the uterine ﬁbroids group consisted, those who
agreed to participate in the study diagnosed as having ﬁbroids,
had no other disease, between 18 and 50 years of age and had
no menopause. Reproductive age, healthy volunteers were the
control group. While fasting venous blood samples were taken
during the menstrual period from those patients for their other
examinations, 5 mL of blood samples were taken in a separate
biochemistry tube containing ethylenediaminetetraacetic acid
(EDTA) from each group.
Serum was separated after centrifugation at 1600 G for 10
minutes. Materials were prepared in the biochemistry laboratory and stored at -80 degrees until the work was ﬁnished. A
total of 64 subjects, 32 in the study group and 32 in the control group, were included in the study.
The age, menstrual status, medications, family history, and
other diseases were questioned.
Exclusion criteria were diabetes mellitus, hyperthyroidism, hypothyroidism, cardiovascular disease, cerebrovascular disease, acute-chronic kidney disease, liver disease,
nephrotic-level proteinuria, acute-chronic infection, collagen
tissue disease, disorders that could affect metabolic parameters, presence of systemic diseases such as malignancy, oral
contraceptive, antioxidant drug, vitamin supplement, lipidlowering medication use, smoking or alcohol use, and pregnancy were considered. Furthermore, any previous medical or
surgical treatment related to uterine ﬁbroids was deﬁned as an
exclusion criteria. All patients were evaluated via transvaginal

ultrasonography in the study period by an experienced gynecologist (KC).
Catalase, myeloperoxidase, ceruloplasmin, native thiol,
disulﬁde, and total thiols were studied in all subjects. Thiol
and disulﬁde homeostasis tests were measured by the automatic spectrophotometric method (5).
Measured values were examined and reported as mean ±
standard deviation, median (min-max) and number. The normality of the distribution of groups was determined with the
Kolmogorov–Smirnov test. Parametric data were analyzed by
independent two-sample t-test and non-parametric data were
compared using the Mann Whitney-U test. A p value <0.05
was considered statistically signiﬁcant.
The ethical approval of this prospective case-control study
was obtained from the ethics committee of Ankara Oncology
Training and Research Hospital with the approval number of
2016-10/220 on 19th October 2016. This study was also conducted according to the Declaration of Helsinki and informed
consent was obtained from all volunteers.

Results
The median ages of the subjects were 39 (22-49) and 43
(27-48) for the control group and the study group, respectively, and the mean age was 37.03 and 40.5 for the control
and study groups, respectively. The mean diameter of the uterine ﬁbroids was 46.2 (31-82) mm. Mean gravida values were
2.21±2.14 and 3.10±1.81 in control and uterine ﬁbroid groups,
respectively. Parity mean values were 1.79±1.42 and
2.24±1.04 in the control and uterine ﬁbroid groups, respectively. There was no signiﬁcant difference between demographic ﬁndings.
The results of oxidative and antioxidative parameters of
the levels were summarized in table I.
Native thiol levels were lower in the uterine ﬁbroid group
and a signiﬁcant difference was observed between the uterine
ﬁbroid group and the control group (Native thiol levels
(µmol/L); uterine ﬁbroid group: 281.63±53.14;Control Group;
306.50±42.92, p=0.044).
Total thiol levels were similarly lower in the uterine ﬁbroid
group and there was a signiﬁcant difference between the uterine ﬁbroid group and the control group. (Total thiol (µmol/L);
uterine ﬁbroid group: 325.12±52.56; Control Group: 359.00 ±
41.07, p=0.006).
The disulﬁde parameters were lower in the uterine ﬁbroid
group and there was a statistically signiﬁcant difference with
the control group. (Disulﬁde (µmol/L); Uterine ﬁbroid Group:
21.74±7.65; Control Group: 26.24±8.69, p=0.032).
Although there were differences between the groups in
terms of ceruloplasmin, catalase, and myeloperoxidase, no statistical signiﬁcance was observed in any category (p>0.05).
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Table I: Levels of oxidative and antioxidative markers
Parameter
Ceruloplasmin (U/L)
Catalase (U/L)
Myeloperoxidase (U/L)
SH (µmol/L)
SS+SH (µmol/L)
SS (µmol/L)

Uterine fibroid group
100.21±23.27
98.59±121.31
83.73±47.91
281.63±53.14
325.12±52.56
21.74±7.65

Control group

p

97.76±33.28
56.25±55.58
93.22±35.64
306.50±42.92
359.00±41.07
26.24±8.69

0.735
0.080
0.373
0.044
0.006
0.032

SH: Native thiol, SS+SH: Total thiol, SS: Disülfid

Discussion
In this study, the thiol-associated antioxidant parameters,
native thiol, total thiol and disulﬁde levels were signiﬁcantly
lower in patients with uterine ﬁbroids. However, there was no
signiﬁcant change in ceruloplasmin, catalase, and myeloperoxidase levels.
The mechanism of the formation of leiomyoma is still unknown. Myometrial stem cells have been shown to be differentiated into mature myometrial cells only under hypoxic conditions in vitro conditions and suggest that hypoxia may be the
driving force behind growth and transformation in conversion
to uterine ﬁbroid cells (4,6).
Oxidative stress is evaluated as responsible for the
etiopathogenesis and pathophysiology of many diseases (7-9).
Reactive oxygen species (ROS) production occurs immediately after exposure to oxidative stress and hypoxia. In order
to protect the tissues against the harmful effects of ROS, enzymatic or nonenzymatic antioxidant mechanisms are introduced into the circuit (8). In this study, it was aimed to investigate whether some oxidant and antioxidant parameters of individuals with uterine ﬁbroids were changed according to the
control group.
Cyclic menstrual contractions of the myometrium result in
periodic hypoxia/ischemia, which may lead to the differentiation of the uterine ﬁbroid development of the myometrial stem
cells. The continuation of uncontrolled proliferation of mutated stem cell-derived cells results in uterine ﬁbroid foci. The
effects of gonadal steroids in combination with chronic hypoxia associated with rapidly expanding leiomyoma cell mass
stimulate local angiogenic growth factor expression (6,10).
They promote continued cell proliferation and extracellular
matrix deposition and provide vascular support to the growing
myometrial cell mass and cause uterine ﬁbroids (4,11,12).
Abnormalities and angiogenic growth factors in uterine
vessels are thought to play a role in the pathogenesis of uterine
ﬁbroids (4,11,12). A myomatous uterus accommodates a large
number of enlarged arterioles and venules. Based on the traumatic injury of tissue hypoxia, it is thought that ﬁbroid formation may be secondary to trauma such as atherosclerotic plaque
formation secondary to arterial muscle hypoxia (11). Based on

this hypothesis, it can be thought that the myometrial cells that
remain hypoxic during menstruation will progress to the conversion to abnormal myocytes and this situation strengthens
the idea based on the hypoxic mechanism (12).
Oxidative stress is the deterioration of molecular and cellular functions due to the loss of balance between the production of free radical or reactive oxygen species and the antioxidant system (13). It results from the imbalance between free
radical production and endogenous antioxidant defense mechanisms. This balance is even shown to be affected by the menstrual period which is regulated by the reproductive system
hormones, mainly by estrogen which is known to be having
anti-oxidant effects (14,15).
Oxidative stress is related to many diseases and the thiolmediated antioxidant system was found to be weakened in obstetric complications such as fetal growth retardation,
preeclampsia, premature ovarian failure, hyperemesis gravidarum (16-18). Antioxidant effect and thiol, which is a part of
cysteine amino acid, play a signiﬁcant role in preventing oxidative stress in the cell (19).
Inhibition of oxidative stress in the cell by amino acids and
proteins is an important defense function.
Thiol cells have a critical role in preventing the formation
of any oxidative stress state (19). Thiol groups are also among
antioxidant mechanisms. Thiols can react with free radicals to
protect against tissue and cell damage caused by reactive oxygen products and contain sulfhydryl (-SH) group, an antioxidant molecule (19,20).
Dynamic thiol and disulﬁde levels are involved in antioxidant defense, apoptosis, regulation of enzyme activities, and
cellular signal transduction mechanisms (21).
The thiol groups of sulfur-containing amino acids (cysteine, methionine) in proteins are the primary target point of
ROS (22-25).
The resulting disulﬁde bond structures can be reduced
back to the thiol groups, and thus the thiol-disulﬁde balance is
maintained (19).
Uterine ﬁbroids are very common gynecological pathologies and have been tried to be associated with oxidative pathways (26).
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Individuals with uterine ﬁbroids were found to have lower
serum thiol levels and higher oxidative protein products compared to individuals in the control group (27). Similar results
have been shown in different studies and it has been shown that
both oxidative and antioxidative capacities are increased (28).
Preservation of antioxidant balance and oxidative stress
are important for a variety of benign and malignant conditions
such as diabetes mellitus and the familial Mediterranean fever
as well as for uterine ﬁbroids (16,29-31). Relationship between oxidative stress and uterine ﬁbroids was demonstrated
in studies regarding surgically removed leiomyomas and
found clear interaction between mainly by lipid peroxidation
and leiomyoma (32). This oxidative imbalance was also found
to be shown in ﬁbroid cells compared to normal ﬁbroid cells
which also supports the relationship between oxidative stress
and development of leiomyoma (33).
Although the pathophysiological effect of the oxidative
agents has been clearly demonstrated, the direct effect of antioxidant treatments on the pathogenesis of the pathways has
not been shown so far. Similar ﬁndings were observed in the
literature about uterine ﬁbroids and oxidative processes, and
lipid peroxidation and deterioration in antioxidant enzyme
levels were shown in plasma and erythrocyte cells in patients
with uterine ﬁbroids (4,26,34).
Patients with uterine ﬁbroids were found to have lower
serum thiol levels and higher oxidative protein products compared to the control group. However, when these oxidative
agents were tried to be associated with symptoms of uterine ﬁbroids, no signiﬁcant relationship could be observed (27).
Similar results have also been found in many studies and it has
been observed that oxidants and antioxidants levels have also
changed (28,35).
In the present study, a signiﬁcant reduction in the levels of
thiol-associated antioxidant parameters compared to the control group shows that the results obtained from this study support the ﬁndings in the literature. When all these data are interpreted together, it can be seen that oxidative stress may be
involved in the pathogenesis of uterine ﬁbroids and especially
the thiol-associated pathways may have an effect. The limitation of the study is a relatively small number of participants in
the groups and the lack of analysis for the relationship between the size of uterine ﬁbroids and serum levels of markers.
Since thiol can be reduced, any treatment that causes or decreases this reduction may prevent pathophysiological
processes resulting from abnormal levels of thiol and disulﬁde. Therefore, it is important to determine the levels of dynamic thiol and disulﬁde in diseases where oxidative stress
plays an important role in pathogenesis (4,6,35).
The control of oxidative stress caused by these reasons is
thought to be effective in the prophylaxis of uterine ﬁbroids.
Nowadays, it is known that antioxidant agents and related diet

products contribute to the process and have a role in treatment
in many pathological conditions (36-38). Considering all these
mechanisms, the role of antioxidant agents in the treatment of
uterine ﬁbroids can be discussed. These ﬁndings may shed
light on other studies in the future and will have new potential
expansions.
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