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Oxidative status and serum prolidase activity in tubal ectopic pregnancy
Nese Hilali,1 Nurten Aksoy,2 Mehmet Vural,3 Hakan Camuzcuoglu,4 Abdullah Taskin5

Abstract
Objective: To determine the oxidative status and serum prolidase activity in tubal ectopic pregnancy and to see if
there was any association between them.
Mathods: The cross-sectional study was conducted during 2009 and 2010 at the Departments of Obstetrics and
Gynaecology and Clinical Biochemistry under the Faculty of Medicine, Harran University, Turkey. It comprised 40
patients with tubal ectopic pregnancies and 42 women with healthy pregnancies. Serum prolidase activity was
measured spectrophotometrically. Oxidative status was determined using total antioxidant capacity. SPSS 11.5 was
used for statistical analysis.
Results: Total antioxidant capacity levels were lower in the ectopic pregnancy group than the healthy group
(p<0.018), whereas total oxidant status, oxidative stress index and prolidase activity were higher (p <0.05).
Conclusion: Ectopic pregnancy may be associated with increased serum prolidase activity and oxidative stress, and
this association may help to provide a better understanding about the pathogenesis of ectopic pregnancy.
Keywords: Ectopic pregnancy, Prolidase activity, Total antioxidant capacity, Total oxidant status, Oxidative stress
index. (JPMA 63: 169; 2013)

Introduction
An ectopic pregnancy is a complication of pregnancy in
which the fertilized ovum gets implanted outside the
uterine cavity. About 2% of pregnancies are ectopic and
of these, 98% occur in the fallopian tubes. There are a
number of risk factors for ectopic pregnancies, but more
than half of the identified ectopic pregnancies are in
women without known risk factors.1 Detection of ectopic
pregnancy in early gestation has been achieved mainly
due to enhanced diagnostic capability. Despite all the
usefull progress in diagnostic and detection techniques,
ectopic pregnancy remains a source of serious maternal
morbidity and mortality worldwide, especially in
countries with poor prenatal care.2 In a successful
reproduction, fertilisation and early embryonic
development begin in the Fallopian tubes which play a
significant role in the physiological events. The embryo
interacts with the female reproductive tract before
implantation. Embryo-tubal transport is done with tubal
ciliary beats and smooth muscle contractions. It has been
hypothesised that tubal ectopic pregnancy is caused by a
combination of retention of the embryo within the
fallopian tube due to impaired embryo-tubal transport
and alterations in the tubal environment allowing early
implantation to occur.3 Tubal epithelial cells produce
growth factors, cytokines, and other embryotrophic
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factors of unknown identities to support embryo
development in vitro. It has been suggested that an
imbalance between the production of toxic compounds,
such as oxygen-based free radicals and lipid peroxidase,
and the detoxification and scavenging of these harmful
molecules in vivo may affect pre-implantation embryo
development4 and it has also been suggested that
pathologic generation of nitric oxide (synthesised from Larginine by three nitric oxide synthases in different
tissues, including the fallopian tube) through increased
nitric oxide synthases isoforms production may decrease
tubal ciliary beats and smooth muscle contractions and,
thus, affect embryo transport, which may consequently
result in a tubal ectopic pregnancy.5
Prolidase is a manganese(Mn)-requiring homodimeric
iminodipeptidase that releases carboxy-terminal proline
or hydroxyproline from oligopeptides.6 It has been shown
that an increase in prolidase enzyme activity is correlated
with increased rates of collagen turnover.7 Increased
oxidative stress might have a role in the changing of tubal
envoirement8 and tubal epithelial cells might be replaced
by collagen fibres. We hypothesised that there may be an
association between serum prolidase activity and
oxidative status in tubal ectopic pregnancy in patients
without any known risk factors for tubal ectopic
pregnancy. Thus, in the present study, we aimed at
determining serum prolidase activity and oxidative stress
markers, including total oxidative status (TOS), total
antioxidant capacity (TAC) and oxidative stress index
(OSI), and to see if there is any association between serum
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prolidase activity and the oxidative stress parametres in
this complication of pregnancy.

Patients and Methods
The cross sectional study was conducted at the Harran
University Medical Faculty's Departments of Obstetrics and
Gynaecology and Clinical Biochemistry during 2009 and
2010. The study group comprised women with ectopic
pregnancies who were positively identified on transvaginal
ultrasound scan and serum β-hCG levels. All women had
been referred by their general practitioners or consultants
because of suspected ectopic pregnancy. All women
included in the study conceived spontaneously and were
not taking exogenous progestogens. A full history was
documented and clinical examination was carried out by
the attending physician. An ultrasound scan was then
performed using a high-frequency transvaginal probe and
the patients had blood samples taken for the measurement
of serum β-hCG. Informed consent for participation in this
study was obtained from all the participants. During the
study period, 40 of the patients who had tubal ectopic
pregnancies and met the inclusion criteria, accepted to be
part of the study. The study protocol conformed to the
principles of the Helsinki Declaration and was approved by
the Medical Ethics Committee of Harran University. Ectopic
pregnancies that implanted outside of the fallopian tubes,
patients who had symptoms of haemodynamic instability
at the time of diagnosis, those who had additional diseases,
history of alcohol abuse, smoking habit, intravenous drug
abuse, antioxidant usage and patients who had known risk
factors for ectopic pregnancy were excluded from the sudy.
The study group included 40 ectopic pregnancies (5-8
weeks of gestation), and the control group comprised 42
healthy pregnant women with similar gestational ages.
Among the 40 subjects, 23 had serum levels of β-hCG
above 1500 IU/ml and ultrasound scan findings of them
were the emptiness of uterine cavity or cervical canal and a
mass with ultrasound appearances of an ectopic
pregnancy was seen in either adnexa, separate from the
ovary and corpus luteum. The other 17 in the group
underwent serial β-hCG evaluation and ultrasound
examinations. An increase over 48 hours of at least 66% was
used as the cutoff point for viability9 and we also used the
threshold of discrimination of intrauterine pregnancy to be
around 1500 IU/ml of β-hCG.10 Patiens with low β-hCG
concentrations showed subnormal increase, and then
underwent diagnostic dilatation and curettage (D&C)
procedure. The biopsy materials were fixed with formalin
10% and examined at the Department of Pathology. Biopsy
materials were stained with haematoxylin-eosin and
assessed for the absence of chorionic villi and trophoblasts.
After D&C, their subnormal increase of β-hCG levels
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continued and diagnosis of ectopic pregnancies was
confirmed. Patients who were diagnosed to have early
pregnancy were included in the control group. The
exclusion criteria for the subjects was also valid for the
controls. Initially, there were 51 controls, but women who
had any complication of pregnancy were also excuded
from the study, and finally there were 42 patients in the
control group.
The blood samples from the patients were taken before any
medications and after overnight fasting. Blood samples
were collected into empty tubes and immediately stored
on ice at 4°C. The serum was then separated from the cells
by centrifugation at 3000 rpm for 10 min. Serum samples
for measurement of TOS and TAC levels and prolidase
activity were stored at -80°C until they were used.
TAC was determined using the automated measurement
method developed by Erel.11 In this method, hydroxyl
radical, which is the most potent biological radical, was
produced. In the assay, ferrous ion solution, which was
present in Reagent 1, was mixed with hydrogen peroxide,
which was present in Reagent 2. The radicals thus
produced by the hydroxyl radical are also potent radicals.
Using this method, antioxidative effect of the sample
against the potent-free radical reactions, which is initiated
by the produced hydroxyl radical, was measured. The
assay has excellent precision values lower than 3%. The
results are expressed as mmol Trolox Equiv./L.
TOS of serum was determined using the automated
measurement method also developed by Erel.12 Oxidants
present in the sample oxidised the ferrous ion-odianisidine complex to ferric ion. The oxidation reaction
was enhanced by glycerol molecules, which were
abundantly present in the reaction medium. The ferric ion
made a coloured complex with xylenol orange in an acidic
medium. The colour intensity, which can be measured
spectrophotometrically, was related to the total amount
of oxidant molecules present in the sample. The assay was
calibrated with hydrogen peroxide and the results are
expressed in terms of micromolar hydrogen peroxide
equivalent per liter (µmol H2O2 Equiv./L).
Percent ratio of TOS level to TAC level was accepted as the
OSI. For calculation, the resulting unit of TAC was changed
to mmol/L, and the OSI value was calculated according to
the formula.13 OSI (Arbitrary Unit) = TOS (µmol H2O2
Equiv./L)/TAC (mmol Trolox Equiv./L).
For the determination of prolidase activity, the serum was
diluted 40-fold with 2.5 mmol/L Mn2+, 40 mmol/L trizma
hydrochloride (HCl) buffer (pH 8.0) and pre-incubated at
37°C for 2 h. The reaction mixture containing 30 mmol/L
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gly-pro, 40 mmol/L trizma HCl buffer (pH 8.0) and 100 µL
of pre-incubation serum in 1 mL was incubated at 37°C for
30 min. Adding 0.5 mL of 20% trichloroacetic acid solution
then stopped the incubation reaction. The supernatant
was used for the measurement of proline by the method
proposed by Myara14,15 which is a modification of
Chinard's method.16 Intra-assay coefficients of variatrility
(CV) of the assay was 3.8%.
Statistical analysis was done using SPSS 11.5. All data were
expressed as mean ± standard deviation (SD). The
comparisons of non-parametric and parametric elements
were performed with Mann-Whitney U test, and
Independent samples T test respectively. A p value <0.05
was accepted as significant.

Results
The demographic and clinical data of the subjects and the
controls were compared (Table-1). There were no
statistically significant differences between the two
groups with respect to maternal age, gestational age,
parity, and body mass index (BMI) (p>0.05).
Serum TAC levels were lower among the ectopic subjects
Table-1: Demographic and clinical characteristics of the study population.

Age, years
BMI (Kg/m2)
Gestational age(weeks)
Parity

Controls (n = 42)

Subjects (n = 40)

p

29.37 ± 5.70
24.50 ± 2.97
6.02 ± 0.99
4.07 ± 3.16

29.29 ± 6.19
24.02 ± 2.87
6.52 ± 1.29
4.14 ± 1.92

p>0.05
p>0.05
p>0.05
p>0.05

BMI: Body Mass Index.

Table-2: Prolidase activity, TOS, TAC and OSI in subjects and controls.

TAC (mmol Trolox equiv./l)
TOS (?mol H2O2 Eqv./L)
OSI (arbitrary unit)
Prolidase (U/l)

Subjects (n = 40)

Controls (n = 42)

p

0.93 ± 0.18
16.91 ± 4.97
1.89 ± 0.71
688.46 ± 37.98

1.03 ± 0.19
14.39 ± 3.30
1.44 ± 0.45
630.43 ± 54.47

0.018
0.008
0.001
< 0,001

TAC: Total antioxidant capacity. TOS: Total oxidative status. OSI: Oxidative stress index.

than the controls (p < 0.018), whereas TOS, OSI and
prolidase activity were higher compared to the controls
(p< 0.008, p <0.001 and p <0.001 respectively) (Table-2).

Discussion
Ectopic pregnancy is the most common life threatening
emergency in early pregnancy. Although spontaneous
resolution of ectopic pregnancy can occur, patients are at
risk of tubal rupture and catastrophic haemorrhage. It has
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been shown that oxidative stress plays a central role in the
pathophysiology of many different disorders, including
complications of pregnancy.17 Reactive oxygen species are
produced in metabolic and physiological processes and our
body is under constant oxidative attack from reactive
oxygen species. A complex system of antioxidant defences
generally hold this attack in balance. This balance can be
perturbed, leading to oxidative stress. Oxidative stress is
best defined in broad terms as an alteration in the prooxidant-antioxidant balance that leads to potential damage.
Various tissues may control or prevent the damaging effects
of the oxidant species by enzymic and non-enzymic
antioxidant defence systems so the deleterious effects of
the free radicals are kept in check by a delicate balance
between the rate of their production and elimination by the
different antioxidant systems. Any shift in this critical
balance could result in an increase in peroxidative stress and
may lead to cellular damage. Thus, the extent of oxidative
damage in tissues depends on the balance of oxygen radical
formation and the endogenous antioxidant capacity.18
Prolidase (Enzyme Class 3.4.13.9) is a cytosolic Mn(II)activated metalloproteinase that specifically hydrolyses
imidodipeptides and imidotripeptides with C-terminal
proline or hydroxyproline, and releases these two amino
acids for collagen re-synthesis and cell growth. It is an
ubiquitous enzyme which also plays an important role in
intracellular protein catabolism, connective tissue
metabolism and matrix remodeling,19 and its activity has
been documented in erythrocytes, leukocytes, plasma,
dermal fibroblasts, the kidney, brain, heart, thymus and
uterus.20 This enzyme has two forms such as prolidase I
(Molecular Weight: 105,000) and prolidase II (Molecular
Weight: 151,000), but only prolidase I has been found in
human plasma.21 The collagen is the most abundant
protein in the body and constituting more than a quarter of
total body proteins.22 The last step of collagen degradation
is mediated by prolidase (Enzyme Class 3.4.13.9) so the
enzyme activity may be a step-limiting factor in the
regulation of collagen biosynthesis.23 It has been shown
that an increase in prolidase enzyme activity is correlated
with increased rates of collagen turnover and prolidase
enzyme activity is affected by oxidative stres.29 So
oxidatively stressful events may cause tissue and cellular
injury, including increased protein turnover such as
collagen leading to abnormal remodelling of tuba uterina.
Reactive oxygen species generating systems may attack
tubal epithelium and collagen molecules, also degrade
them and then may stimulate formation of fibrils by this
collagen. So increased oxidative stress may increase
prolidase activity and may have a role in tubal milieu
changes and tubal epithelium may be replaced by collagen
fibres and then tubal ectopic pregnancy may have been
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seen in patients without any known risk factors for tubal
ectopic pregnancy. The role of prolidase in the metabolism
of collagen is shown by pathological conditions such as
liver cirrhosis,14 and uterine leiomyoma.25
The current study found increased serum prolidase activity
in patients with tubal ectopic pregnancy which may be
interpreted as an evidence of increased collagen resynthesis. Tubal ectopic pregnancy may be associated with
increased oxidative stress and increased serum prolidase
activity. Increased serum prolidase activity and this
association may help to provide a better understanding
about the pathogenesis of tubal ectopic pregnancy.
The study hypothesised that oxidative stress and prolidase
activity are related with tubal ectopic pregnancy. A search
of MEDLINE for articles in the English language with the
terms 'oxidative stress', 'prolidase activity' and 'ectopic
pregnancy' revealed no entries. As such, the study is
perhaps the first in the literature to evaluate a relationship
between oxidative stress, prolidase activity and ectopic
pregnancy. We found that TOS and OSI are increased
whereas TAC is decreased in the ectopic pregnancy group,
and prolidase activity is increased in ectopic pregnancies
compared to healthy pregnancies. These findings provide
support to the hypothesis.
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Though there was evidence in support of the hypothesis,
it is diffucult to conclude whether these findings were the
cause or the consequence of tubal ectopic pregnancy. The
impact of prolidase activity on tubal ectopic pregnancy
with regard to pathophysiological processes needs more
comprehensive laboratory work and further clinical
studies for clarifiying the pathophysiological role of
increased serum prolidase activity in tubal ectopic
pregnancy.
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