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Summary

Purpose of investigation. To assess the changes secondary to chronic inflammation in women with and without pelvic endometrio-
sis by the determination of serum thiols and carbonyls. Materials and Methods: Sixty-seven women with endometriosis consecutively
submitted to laparoscopy and 41 women without endometriosis consecutively submitted to tubal ligation (control group) were selected.
Serum levels of total thiols and carbonyls were determined in both groups. Results: Patients with endometriosis had significantly lower
thiol levels than controls (342.37 + 142.09 uM vs 559.60 £ 294.05 uM) (p < 0.001), as well as significantly lower carbonyl levels (8.97
+3.76 uM vs 16.40 £ 9.26 uM) (p < 0.001). Other clinical characteristics were not associated with changes in marker levels. The cut-
off point established by the ROC curve was 396.44 uM for the thiols, with 73.1% sensitivity and 80.5% specificity, and 14.9 pM for
the carbonyls, with 94% sensitivity and 51.2% specificity. Conclusions: The serum thiol levels revealed an increase in oxidative stress

related to the development of pelvic endometriosis.
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Introduction

Pelvic endometriosis is a benign gynecologic affection
in which endometrial glands and/or stroma develop out-
side the uterus. The prevalence of endometriosis is ten to
15% among the female population of reproductive age and
20% to 50% among infertile women [1, 2]. Classic clini-
cal signs and symptoms are dysmenorrhea, dyspareunia,
acyclic chronic pelvic pain, and infertility [3].

The presence of endometrial cells in the peritoneal cav-
ity leads to the recruitment of monocytes that provoke the
release of cytokines, consequently favoring a pelvic in-
flammatory reaction [4]. On this basis, endometriosis can
be considered to be a disease of an inflammatory nature, as
confirmed by evidence showing elevated levels of cy-
tokines and growth factors present in peritoneal fluid.
Changes in B lymphocyte activity and increased antibody
production are detected in women affected by this disease
[1]. The inflammatory process is associated with elevated
levels of oxidative stress [4].

Oxygen free radicals have been suggested to be in-
volved in the pathogenesis of endometriosis and in the
association of the disease with infertility [5]. Oxidative
stress is induced when there is an imbalance between ox-
idant and antioxidant substances. This phenomenon is
caused by overproduction of reactive oxygen species
(ROS) associated with depletion of the antioxidant sys-
tem [4]. ROS and reactive nitrogen species produced in
vivo, which are not adequately metabolized by the an-
tioxidant system may cause alterations in proteins, lipids,
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carbohydrates, and nucleic acids. The oxidative modifi-
cation of these molecules by toxic levels of these species
may have deleterious consequences. The production of
subtoxic ROS levels can lead to a change in the intra- and
extracellular redox state and has been demonstrated to
signal changes in cellular functions. Thiols and carbonyls
are recognized as key components of many of these
events [6]. Thiols are a class of organic derivatives with
a critical intra- and extracellular function as equilibrators
of the redox state through the thiol/disulfide protein. Ex-
tracellular thiols are an important component of the an-
tioxidant defense with relevance for cardiovascular
diseases, representing a direct measurement of the in vivo
redox state. In addition, they also reflect the ability of
DNA repair or the possible accumulation of genetic dam-
age to cells [7, 8].

ROS induce lipid peroxidation and modify amino acid
and carbonyl derivatives, with the latter, in turn, reflecting
protein oxidation [9]. Carbonyl concentration is important
in the pathogenesis of atherosclerosis and its formation is
a subproduct of phagocyte-derived reactions. Thus, car-
bonyl concentration is a marker of both phagocyte activa-
tion and inflammation [7].

Free radicals and oxidative stress are being extensively
studied in different diseases and are believed to participate
in their etiology and prognosis. Endometriosis is one of
these diseases and the demonstration of a positive rela-
tionship between this disease and oxidative stress may pro-
vide a definitive, sensitive, and non-invasive method for
the determination of its diagnosis [10-12].

The objective of the present study was to evaluate the
changes secondary to chronic inflammation in women with



372 J.C. Rosa e Silva, V. Ferreira do Amara, J.L. Mendonga, A.C. Japur de Sa Rosa e Silva, L.S. Nakao, O.B. Poli Neto, R.A. Ferriani

and without pelvic endometriosis by means of the deter-
mination of serum thiols and carbonyls, as well as the in-
fluence of clinical characteristics on these determinations.
The cut-off points for these serum markers with better sen-
sitivity and specificity was determined by a ROC curve.

Materials and Methods

The authors selected 83 women of fertile age consecutively
submitted to laparoscopy due to suspected endometriosis and
with histologic confirmation of endometriosis in the en-
dometriosis outpatient clinics of the Department of Gynecology
and Obstetrics, Faculty of Medicine of Ribeirdo Preto, and of
“Santa Casa de Misericordia” of Curitiba. Exclusion criteria were
smoking, the use of anti-inflammatory medications up to two
months before surgery, patients presenting ovarian tumor, pelvic
inflammatory disease, myomas and adenomyosis as intraopera-
tive or ultrasonographic findings, patients who had received hor-
monal therapy (oral contraceptives, progestogens or GnRH
analogues) during the preceding three months, pregnant patients
or patients who refused to participate in the study. The authors se-
lected as controls 55 women of fertile age consecutively submit-
ted to bilateral tubal ligation and attended in the family planning
sector of the Maternity Victor Ferreira do Amaral and in the fam-
ily planning outpatient clinic of the Department of Gynecology
and Obstetrics, Faculty of Medicine of Ribeirdo Preto. These
women had no endometriosis as determined by laparoscopy and
the same exclusion criteria as cited above were applied to this
group. Ten ml blood were collected in each venipuncture and
centrifuged at 5,000 rpm for ten minutes and the serum obtained
was frozen at -80°C until the time for analysis. Some samples
were discharged because of hemolysis or high lipid concentra-
tion in the centrifuged serum, what could interfere in the mark-
ers’ measurement and consequently could constitute a bias.
Therefore, the number of analyzed patients was 67 and 41 in the
endometriosis and control groups, respectively.

The project was approved by the Research Ethics Committees
of the participating institutions and all patients gave written in-
formed consent to participate in the study.

Analysis of thiol concentration

Thiols were determined using the dithiobis 2-nitrobenzoic acid
(DTNB) method [13]. The samples were thawed and immersed
in ice. The standard curve used for the calculations of unknown
concentrations was obtained using glutathione at concentrations
from 0.2 to 2 mM. Samples were analyzed in duplicate on 96-
well microplates. Ten pl serum plus 190 pl of the DTNB solution
and of diethylenetriamine-penta-acetic acid (DTNB) were added
to each well. The plates were incubated for ten minutes at room
temperature and the absorbance of the samples was read at 405
nm. The concentration (in pM) was calculated for each patient
using a specific equation.

Analysis of carbonyl concentration

The analysis was carried out by the 2,4 dinitrophenyl hydrazine
(DNPH) method [14]. Two test tubes per patient were used.
Serum (200 pl) and one ml DNPH (one mM in two M HCI) were
added to the tube identified as the sample, and 200 pl of serum
in one ml two M HCI were added to the tube identified as the
blank. All tubes were left in a water bath at 37°C for 90 minutes.
After cooling, each tube received one ml 28% trichloroacetic acid
(w/v) and the tubes were vortexed for three minutes and then cen-
trifuged at 6,000 rpm for an additional three minutes.

The supernatant was discarded and one ml ethanol: ethyl ac-
etate (1:1) was added to the pellet. The material was again ho-
mogenized in a vortex for two minutes and the tubes were once
again centrifuged at 6,000 rpm for six minutes. The procedure
was repeated one more time.

The supernatant was discarded and one ml of six M guanidine
was added to the pellet. Homogenization was carried out for one
minute and the content of each tube was then transferred to mi-
crotubes which were centrifuged for three minutes at 6,000 rpm
in a microcentrifuge. The absorbance of each sample was read
at 360 nm and carbonyl concentration was obtained by a spe-
cific equation.

Statistical analysis

The GraphPad Prism 4.0 32-Bit Executable software and
MedCalc statistical software, Version 7.2.1.0 were used for sta-
tistical analysis. The clinical variables were analyzed by the
Fisher exact test. The nonparametric Mann-Whitney test was
used for the evaluation of the serum markers and the cut-off
points with highest sensitivity and specificity for these markers
were determined by the ROC curve. The level of significance
was set at p <0.05 in all tests. Results of thiol and carbonyl lev-
els were expressed in median (minimum-maximum).

Results

The mean age of the two groups was similar (33.22 £ 6.22
years for the endometriosis group and 32.49 +4.74 years for
the control group). The endometriosis group had a greater
prevalence of dyspareunia (p < 0.001), chronic pelvic pain (p
=0.015), infertility (» < 0.001), dysmenorrhea (p < 0.001),
menstrual irregularity (p = 0.001), and cyclic intestinal
changes (p = 0.001). There was no significant difference re-
garding the presence of midcycle pain, post-coital bleeding
or cyclic urinary changes between groups.

The patients with endometriosis presented significantly
lower serum thiol levels compared to control (median
325.25 (103.89 — 828.22) uM vs 530.29 (133.86 —
1892.00) uM) (p <0.001) (Figure 1), as well as lower car-
bonyl levels (median 8.00 (1.10 — 20.60) uM vs 15.61
(5.23 —44.13) uM) (p < 0.001) (Figure 2).

The presence of dysmenorrhea, midcycle pain, infertil-
ity, dyspareunia, post-coital bleeding, menstrual irregular-
ity, and cyclic urinary or intestinal changes, when evaluated
separately in each group, was not associated with signifi-
cant changes in the levels of any marker.

The cut-off point suggested by the ROC curve for the thi-
ols was 396.44 uM, with 73.1 sensitivity and 80.5% speci-
ficity, and the area under the curve equal to 0.806 (Figure
3). For the carbonyls, the suggested cut-off point was 14.9
uM, with 94% sensitivity and 51.2% specificity, and the
area under the curve equal to 0.768 (Figure 4).

Discussion

The complaints and clinical symptoms observed in en-
dometriosis were confirmed in the current study and, as ex-
pected, the presence of the tetrad dysmenorrhea, dyspareunia,
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Figure 1. — Thiol levels in the endometriosis and control groups
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Figure 3. Sensitivity and specificity for cut-off point of thiols.

infertility, and chronic pelvic pain was prevalent in many of
the women with the disease.

The markers chosen for the present investigation have al-
ready been extensively studied in other diseases, such as
diabetes, chronic renal failure, atherosclerosis, hyperten-
sion, and psoriasis, having proved to be good markers for
these diseases. However, they have not been studied previ-
ously in endometriosis.

Several studies have shown an association between en-
dometriosis and oxidative stress. Jackson et al. [15] used
four markers of oxidative stress to compare women with
and without endometriosis on the basis of thiobarbituric
acid reactive substances and detected an increase in these
markers in women with pelvic endometriosis. In two dif-
ferent studies, Zhao et al. [16] and Sczepanska et al. [17]
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Figure 2. — Carbonyl levels in the endometriosis and control groups
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Figure 4. Sensitivity and specificity for cut-off point of carbonyls.

observed that the antioxidant status was reduced in women
with pelvic endometriosis. Liu ef al. [5] used peritoneal
fluid as the biological medium to be evaluated and de-
tected higher levels of oxidative stress in women with en-
dometriosis [5]. de Foyouzi et al. [18] suggested that
reactive oxygen species can modulate the growth of the
endometrial stroma. In pathological conditions such as en-
dometriosis, high levels of these unstable molecules and
antioxidant depletion may contribute to the excessive
growth of cells of the endometrial stroma [18]. Oner-lyi-
dogan et al. [19] concluded in their study that several fac-
tors, such as the cytokines released by macrophages
activated in peritoneal fluid and hormones synthesized by
the ovary, may locally affect the antioxidant status of the
ectopic endometrium.
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These results demonstrate the participation of oxidative
stress in the development of the disease and suggest that
treatment with antioxidant substances could be of benefit to
women with endometriosis and protect healthy women
against the disease.

However, some investigators did not detect oxidative
stress in women with endometriosis. Ho et al. [20] com-
pared women with and without endometriosis in terms of
total antioxidant status and of the levels of nitric oxide-de-
rived products and found no significant differences in these
levels between the groups with and without the disease.
Polak et al. [21] also did not obtain a positive result re-
garding the association of oxidative stress markers with the
presence of endometriosis.

The carbonyl levels detected were lower in the en-
dometriosis group, although, in contrast to the thiols, the
higher the levels of this marker, the lower the oxidative
stress, with these levels proving not to be good markers of
oxidative stress in women with endometriosis.

It should be pointed out that the sensitivity and specificity
of the two serum markers evaluated here were not high, that
indicates a limitation of their use in clinical practice as
serum markers of this disease when compared to other
markers used such as CA125 [22, 23].

Conclusion

Based on the present data, we conclude that oxidative
stress seems to play a role in the genesis of pelvic en-
dometriosis, considering mainly the serum thiol levels.
Nevertheless, it’s levels should be evaluated with caution
when used as a marker of the disease. Anyway other stud-
ies with bigger casuistic may be developed in order to def-
initely prove this relation.
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