
he implantation of the fertilized ovum in a region other than the
uterine cavity is known as ectopic pregnancy. It is a complication ob-
served in 1%-2% of all pregnancies.1 Despite the progress in diag-

nostic techniques, ectopic pregnancy remains a crucial cause of maternal
morbidity and mortality throughout the world, especially in the countries
where prenatal care is poor.2 More than 95% of the ectopic pregnancies are
located in the tuba.3 The etiopathogenesis of tubal ectopic pregnancy has
not been clarified yet, though this condition is usually associated with tubal
abnormalities and dysfunction, such as abnormal tubal-cilia activity or con-
tractility.4 Reactive oxygen species produced during metabolic and physio-
logical processes occurring in the body are known as oxidants. Antioxidants
play a role in reducing the harmful effects that the oxidants cause in the
body. There is a delicate balance between oxidants and antioxidants inside
the cells, and if this balance tips in favor of oxidants, a condition of oxida-
tive stress occurs, which may cause cellular damage.5 Any damage that oc-
curs in the tubas at a cellular level may predispose women to a defective
tubal transport of the embryo, which is a central process in ectopic preg-
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Oxidative Stress Markers in
Tubal Ectopic Pregnancy

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee:: In this study, a novel automated method was used to evaluate the levels of
oxidative stress markers in patients with ectopic tubal pregnancy. MMaatteerriiaall  aanndd  MMeetthhooddss::  This
prospective study investigated 30 patients diagnosed with tubal ectopic pregnancy (patient group),
30 healthy pregnant women in their first trimester (first control group), and 30 healthy women
who were not pregnant (second control group). All the participants were admitted to the Depart-
ment of Obstetrics and Gynecology, Gaziantep University Medical School, Turkey. The Erel method
was used to measure the total oxidant level (TOL), total antioxidant capacity (TAC), and oxidative
stress index (OSI). RReessuullttss:: TOL and OSI values were significantly higher in the patient group (p =
0.001) than in the second control group, while there was no significant difference between the pa-
tient group and the first control group. The values for TAC were significantly lower in the patient
group (p = 0.001) compared to the second control group; however, there was no significant differ-
ence between the patient group and the first control group (p = 0.449). CCoonncclluussiioonn:: The role of ox-
idative stress in the etiopathogenesis of tubal ectopic pregnancy warrants more comprehensive
studies in the future.

KKeeyywwoorrddss::  Ectopic pregnancy; total oxidant level; total antioxidant capacity; 
oxidative stress index
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nancy. The aim of this prospective study was to
measure and compare the levels of oxidative stress
markers in tubal ectopic pregnancy using a novel
automated method developed by Erel.6,7

STATISTICAL ANALYSIS

All data were analyzed using SPSS version 11.5 for
Windows. Mann-Whitney U test was used to com-
pare two independent groups with no normal dis-
tribution. Comparisons among more than two
groups were performed by using ANOVA when
the variables were normally distributed, and by
using the Kruskal-Wallis test when the variables
were non-normally distributed. Dunn’s multiple
comparisons test was used to determine the signif-
icant subgroups. The statistical significance thresh-
old was set at p <0.05.

MATERIAL AND METHODS

This prospective study was performed at the Uni-
versity Hospital for a period of one year. This study
included 30 patients with tubal ectopic pregnancy
(patient group), 30 healthy pregnant women in
their first trimester (first control group), and 30
healthy women who were not pregnant and with-
out any medical problems (second control group).
Informed consent was obtained from all the par-
ticipants prior to the study. Approval was obtained
from the institutional review board. Transvaginal
ultrasound and serial measurements of serum beta-
human chorionic gonadotropin (β-Hcg) levels were
used to diagnose the ectopic pregnancy. The diag-
nostic criteria for ectopic pregnancy were an irreg-
ular increase in the β-Hcg levels, ectopic tubal
implantation of pregnancy (gestational sac con-
taining yolk sac and/or fetal heartbeat) observed in
the transvaginal ultrasound, or the presence of
pathological diagnosis. Ectopic pregnancies were

managed medically and/or surgically. Participants
who smoked, consumed alcohol, or used antioxi-
dants or drugs were excluded from this study.
Those who were diagnosed with any systemic dis-
ease were also excluded. 

Patient and control groups were asked to ab-
stain from taking any medication on the night be-
fore the study. On the morning of the study, 8 cc
blood samples were taken from all the participants.
The samples were centrifuged at 1500 ×g for 10 min
to obtain sera. The sera were placed in Eppendorf
tubes for one min and stored at -80 °C until the
TAC and TOL evaluation. A fully automated
method developed by Erel was used to evaluate
TOL and TAC.6,7 In this novel automated method,
antioxidants bleach the characteristic color of a
more stable radical cation, 2,2´-azino-bis (3-ethyl-
benzothiazoline-6-sulfonic acid) (ABTS). The pre-
cision value of the assay was 3%. The results were
expressed as mmol Trolox equivalent/L. The fer-
rous ion, o-dianisidine complex, was oxidized to
ferric ion by the oxidants present in the sample.
The abundance of glycerol molecules in the reac-
tion medium led to the enhancement of the oxida-
tion reaction. A complex was formed by the ferric
ion with Xylenol orange in the acidic medium.
There was a significant relationship between the
spectrophotometrically measured color intensity
and the total amount of oxidant molecules in the
sample. The assay was calibrated using hydrogen
peroxide and the results were expressed in terms of
µmol H2O2 equivalent/L. The oxidative stress index
(OSI) was calculated as the ratio of TOL to TAC. In
order to complete this calculation, TAC results
were converted to mmol/L, and the following for-
mula was used to find the OSI value: OSI (arbitrary
unit)=TOL (µmol H2O2 equivalent/L)/TAC (mmol
Trolox equivalent/L).8
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Variable Patient (n=30) First Control Group (n=30) Second Control Group (n=30) p

Age 28.3 ± 5.65 27.60±6.75 27.93±6.87 0.930

Body mass index (kg/m2) 26.05±3.10 26.92±6.11 26.55±4.74 0.782

Parity 0.96±1.12 1.60±1.52 1.06±1.25 0.226

Gestational age        5.60±1.67 6.02±2.13 - 0.398

TABLE 1: Comparison of demographic and obstetric parameters in the patient and control groups.



RESULTS

The patient and control groups did not vary signif-
icantly in terms of demographic and clinical data
(Table 1). Table 2 enlists the TAC, TOL, and OSI
values for the patient and control groups. TAC was
significantly lower in the patient group compared
to second control group (p = 0.001); however, there
was no statistically significant difference in TAC
between the patient group and the first control
group (p = 0.449) (Figure 1). When compared to the
second control group, the patient group exhibited
significantly higher TOL and OSI (p = 0.001); how-
ever, there was no statistically significant differ-
ence between the patient group and the first
control group (p = 0.661, p = 0.919) (Figure 2 and
3).

DISCUSSION

Lately, the diagnosis of ectopic pregnancy has im-
proved due to the advances in diagnostic methods,

increased risk factors, and increased use of assisted
reproduction.9 It is crucial to diagnose an ectopic
pregnancy early, because a delay in the diagnosis
may lead to the hemorrhagic maternal death and
future infertility.10 The primary aim of the modern
management of ectopic pregnancy, in addition to
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Variable Patient (n=30) First Control Group (n=30) Second Control Group (n=30) p

Total antioxidant capacity (mmolTrolox Equiv./L) 0.98±0.16† 1.04±0.13ǂ 1.25±0.21 0.001

Total oxidant level (µmol H2O2 Equiv./L) 14.44±16.07† 8.76±7.05ǂ 3.62±1.43 0.001

Oxidative stress index (arbitrary unit) 1.39±1.57† 0.84±0.65ǂ 0.29±0.12 0.001

TABLE 2: Total antioxidant capacity (TAC), total oxidant level (TOL), and oxidative stress index (OSI) results for 
the patient and control groups.

†p<0.05 patient-second control group
ǂ p<0.05 first control group-second control group.

FIGURE 1: Total antioxidant capacity (TAC) for all groups (mmolTroloxE-
quiv./L).

FIGURE 2: Total oxidant level (TOL) for all groups (µmol H2O2 Equiv./L).

FIGURE 3: Oxidative stress index (OSI) for all groups (arbitrary unit).



saving lives, is to preserve fertility. The most im-
portant cause of maternal mortality in the first
trimester is an ectopic pregnancy, and it accounts
for about 5%-6% of all maternal deaths in the
United States.11 The aim of this study was to inves-
tigate whether the oxidative stress levels were high
enough to act as a possible etiological cause in pa-
tients with ectopic pregnancy. Oxidative stress
plays an important role in the pathophysiology of
several diseases, including pregnancy complica-
tions.12 The balance between oxygen radical forma-
tion and the endogenous antioxidant capacity plays
a crucial role in the damage caused in tissues by ox-
idative stress.13 The development of an embryo be-
fore it is properly implanted may be affected by an
imbalance between the production of toxic com-
pounds, such as oxygen-based free radicals and lipid
peroxides, and the detoxification and scavenging of
these harmful molecules in vivo.14 Moreover, the
pathological generation of nitric oxide synthesized
from L-arginine in different tissues may reduce
tubal cilia movements and smooth muscle contrac-
tions. Increased synthesis of nitric oxide isoforms
has an impact on embryo transport, leading to the
possibility of tubal ectopic pregnancy.4 Therefore,
oxidative stress may disturb the tubal microenvi-
ronment and lead to ectopic pregnancy. 

Researchers are searching for novel markers to
reduce the time it takes the clinicians to diagnose
an ectopic pregnancy, in order to reduce the like-
lihood of tubal rupture. The previous studies have
investigated the use of placental pregnancy-associ-
ated plasma protein A, human placental lactogen,
inhibin A, activin A, and non-placental markers
(glycodelin and vascular endothelial growth factor)
to diagnose ectopic pregnancy.15,16 Our study is the
second one to investigate oxidative stress in ectopic
pregnancy. Hilali and colleagues investigated the
oxidative status and serum prolidase activity in
tubal ectopic pregnancy.17 Although the present
study supported the conclusions of the study by Hi-
lali et al., the differences between the women with
ectopic pregnancy and the healthy pregnant
women in their first trimester were not statistically
significant in our study. In order to assess the dif-
ference between intrauterine and ectopic pregnan-

cies, we included two control groups in our study,
which consisted of healthy pregnant women in
their first trimester and healthy women who were
not pregnant. In both the control groups, TAC lev-
els were higher than those in the patient group,
though the difference was not significant between
the patient group and the first control group. In the
healthy pregnant women in their first trimester,
TOL and OSI values were lower than those in the
patient group, though this difference was also not
statistically significant.

The association between smoking and in-
creased rate of ectopic pregnancy was demonstrated
by Shao et al. in a retrospective case-control study.18

Human and animal experiments have demonstrated
that the fallopian tube tissue was damaged and un-
derwent functional loss as a result of the effects of
harmful substances produced during smoking, and
therefore, this condition might predispose women
to ectopic pregnancy. Smoking was an exclusion
criterion in the present study. However, endoge-
nous oxidants of a nature similar to those associated
with smoking may share a common pathogenetic
pathway in ectopic pregnancies, causing functional
damage to the tubas. The oxidant and antioxidant
level measurement methods used in contemporary
research are based on chemiluminescence, fluores-
cence, or calorimetric methods.19,20 However, these
measurement methods are not cost-effective, and a
longer time is needed to carry out the study. In con-
trast, the present study used a more cost-effective
and reliable measurement method, a novel, fully au-
tomated measurement method developed by Erel.21

Although the sample size of the present study does
not allow for conclusive statements to be made,
higher TOL and OSI values and lower TAC values
were observed among the women with tubal ec-
topic pregnancy, compared to healthy women
without pregnancy. We hypothesize that an in-
crease in TOL and OSI may contribute to the patho-
genesis of tubal ectopic pregnancy.

CONCLUSION

Elevated TOL and OSI in the patients with ectopic
pregnancy compared to the non-pregnant healthy
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controls pave the way for future studies regarding the
pathogenesis, diagnosis, and/or early treatment of ec-
topic pregnancy. However, the differences in these
markers between the normal early pregnancy and
the ectopic pregnancy were not significant, which
could be attributed to the small sample size used in
this study. Large-scale laboratory studies are there-
fore required in order to understand the correlation
between these markers and ectopic pregnancy. 
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