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Abstract

Objective: To determine whether concentrations of oxidative
stress markers of amniotic fluid are different in healthy pregnant
women from pregnant women with either preeclampsia or
preterm birth before 34 weeks gestation.  
Methods: This was a retrospective cohort study consisting of con-
secutive 182 pregnant women with singleton gestations undergoing
midtrimester amniocentesis for clinical indications (advanced
maternal age, abnormal screening tests for trisomies or maternal
request) in ‹nonü University, Turgut Özal Research Center
between April 2011 and May 2012. Patients were invited to donate
amniotic fluid for research purposes. The pregnancy outcome was
collected by reviewing the charts of hospital or by contacting the
patients. Exclusion criteria from the study were: (i) incomplete data
about the outcome of pregnancy, (ii) confirmed fetal abnormalities
or chromosomal abnormalities, (iii) presence of intrauterine infec-
tion, (iv) maternal systemic diseases such as chronic hypertension or
diagnosis of gestational diabetes mellitus. Amniotic fluid samples
were obtained by transabdominal amniocentesis and 4-5 mL was
collected for research purposes. Amniotic fluid samples were stored
at -80°C for the future analysis. Diagnosis of preeclampsia was made
according to the criteria of International Society for the Study of
Hypertension in Pregnancy. 
Results: The mean amniotic fluid concentrations of SOD, ADA,
MPO, XO and MDA were not different in the preeclamptic group
from the control group. Further, the mean concentrations of
SOD, ADA, MPO, XO and MDA in the preterm group were also
similar to those in the normal healthy pregnant women.
Conclusion: The oxidative stress markers appear not to be differ-
ent among the groups. The relation of preterm birth and
preeclampsia with oxidative stress and its implication in amniotic
environment need to be addressed in further studies. 
Key words: Oxidative stress, preeclampsia, preterm birth, amni-
otic fluid.

‹kinci trimesterde amniyotik s›v›da oksidatif stres
belirteçlerinin düzeyleri ile preeklampsi geliflimi ve
erken do¤um aras›ndaki iliflkinin araflt›r›lmas›
Amaç: Oksidatif stres belirteçlerinin amniyon s›v›s›ndaki konsan-
trasyonlar›n›n sa¤l›kl› gebeler ile preeklampsi veya 34 haftadan ön-
ce erken do¤um komplikasyonu geliflen gebeler aras›nda karfl›lafl-
t›rmak.
Yöntem: Bu çal›flma Nisan 2011 ve May›s 2012 tarihleri aras›nda
‹nönü Üniversitesi Turgut Özal Araflt›rma Merkezi’nde klinik endi-
kasyonu (ilerlemifl anne yafl›, trizomiler için anormal görüntüleme
testleri veya anne iste¤i) olan gebelere midtrimester amniyosentez
yap›ld›. Tekiz gebeli¤i olan toplam 182 kad›n› içeren retrospektif bir
kohort çal›flmas› olan bu çal›flmada hastalar, araflt›rma amaçl› olarak
amniyotik s›v› ba¤›fllamaya davet edildiler. Gebelik sonucu, hastane
dosyalar›ndan veya hastalara telefon ile ulaflarak topland›. Çal›flma
d›fl›nda kalma kriterleri; (i) gebeli¤in sonucu hakk›nda eksik veri, (ii)
fetal veya kromozomal anomaliler, (iii) intrauterin enfeksiyon varl›-
¤›, (iv) kronik hipertansiyon gibi maternal sistemik hastal›klar veya
gestasyonel diabet geliflmesi idi. Amniyotik s›v› örnekleri ultraso-
nografi eflli¤inde transabdominal yolla al›nd› ve araflt›rma amac›yla
4-5 mL topland› ve analiz için -80°C’de sakland›. Preeklampsi tan›-
s›, “International Society for the Study of Hypertension in Preg-
nancy” kriterlerine göre yap›ld›. 
Bulgular: SOD, ADA, MPO, XO ve MDA’n›n ortalama amniyo-
tik s›v› konsantrasyonlar› preeklamptik grupta kontrol grubuna
göre farkl› de¤ildi. Buna ek olarak, SOD, ADA, MPO, XO ve
MDA’n›n ortalama konsantrasyonlar› erken do¤um grubunda da
normal sa¤l›kl› gebe kad›nlarla benzer olarak bulundu.  
Sonuç: Oksidatif stres belirteçleri gruplar aras›nda farkl› bulun-
mad›. Erken do¤um ve preeklampsi ile oksidatif stresin amniyotik
çevredeki etkisi, baflka çal›flmalarla incelenmelidir.   

Anahtar sözcükler: Oksidatif stres, preeklampsi, erken do¤um,
amniyotik s›v›.
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Introduction
Oxidative stress plays a key role in the pathophysiolo-
gy of placenta-related disorders, particularly
preeclampsia (PE) and premature delivery.[1] Pre-
eclampsia, which is associated with an increased prena-
tal and maternal mortality and morbidity, occurs in
about 2% of pregnancies.[2,3] Even though the patho-
genesis of pre-eclampsia has still been unclear, defec-
tive antioxidant activity may damage vascular endothe-
lium and result in clinical symptoms of preeclampsia
(4). Increased levels of oxidative stress and low levels of
water-soluble and fat-soluble antioxidants in the plas-
ma have been demonstrated in pregnancy disorders
such as preeclampsia and preterm birth.[5,6] In preterm
birth, oxidative stress is asserted to cause impairment
of collagen through increased reactive oxygen species
or antioxidant depletion.[7] Growing evidence suggests
that oxidative stress is involved in the pathogenesis of
pregnancy disorders associated with placental
ischemia, responsible for abnormal placentation.[8,9]

The purpose of this study was to compare the
degree of oxidative stress in normal pregnancies and in

pregnancies complicated with pre-eclampsia and pre-
mature births before 34 weeks gestation. We measured
antioxidant enzyme activity (superoxide dismutase,
adenosine deaminase, myeloperoxidase and xanthine
oxide) and free radicals (malondialdehyde). We aimed
to potentially determine pregnant women at risk of
obstetric complications through the assessment of
oxidative stress.

Methods
This was a retrospective cohort study consisting of
consecutive 182 pregnant women with singleton gesta-
tions undergoing midtrimester amniocentesis for clin-
ical indications (advanced maternal age, abnormal
screening tests for trisomies or maternal request) in
‹nonü University, Turgut Özal Medical Centre
between April 2011 and May 2012. The follow-up
chart of participants was presented in Fig. 1.

Patients were invited to donate amniotic fluid for
research purposes. The pregnancy outcome was col-
lected by reviewing the charts of hospital or by con-

Patient record flow scheme

182 patients applied for amniocentesis

Gestational result was
not reached (n=44)

Those accepted to participate to the study (n=141)

97 pregnants were suitable for the study

Normal healthy pregnants (n=71) Preterm birth (n=15) Preeclampsia group (n=11)

Those excluded from the study (n=54)
• Systemic disease (n=12)
• Fetal intrauterine infection and grawth retardation (n=9)
• Fetal chromosomal anomaly (n=7)
• Fetal major defect (n=8)
• Fetal loss before 24 weeks gestation (n=2)
• Unappropriate amniotic fluid (n=16)

Fig. 1. Patient record scheme.
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tacting the patients. The collection of samples and
clinical data was approved by the Institutional Review
Boards of Inonu University (Protocol no: 2012/113,
17/07/2012). Written informed consent forms were
obtained from all patients. Exclusion criteria from the
study were: (i) incomplete data about the outcome of
pregnancy, (ii) confirmed fetal abnormalities or chro-
mosomal abnormalities, (iii) presence of intrauterine
infection, and (iv) maternal systemic diseases such as
chronic hypertension or diagnosis of gestational dia-
betes mellitus.

Amniotic fluid samples were obtained by transab-
dominal amniocentesis and 4-5 mL was collected for
research purposes. Amniotic fluid samples were stored
at -80°C for the future analysis. Diagnosis of PE was
made according to the criteria of International Society
for the Study of Hypertension in Pregnancy.[10] PE is
characterized by systolic blood pressure ≥140 mmHg
and/or diastolic blood pressure ≥90 mmHg on at least
two occasions with 4 hour of intervals developing after
20 weeks gestation in previously normotensive women
with proteinuria of above 300 mg in 24 hours (or at
least two positive readings on dipstick analysis of mid-
stream urine specimens if no available 24-h collection
of urine). Spontaneous delivery was defined as vaginal
delivery without induction of labor or Cesarean section
following spontaneous onset of labor. Although
preterm delivery is classically defined as birth before 37
weeks gestation, we used 34 weeks gestation because
fetal lung maturation is completed at 34 weeks gesta-
tion. 

Biochemical analyses

In order to evaluate the prooxidant–antioxidant bal-
ance, the free radicals production were determined by
measuring of lipid peroxidation (MDA) levels. Assays
were conducted blind to clinical information. The bio-
chemist was blinded to the samples. The amniotic fluid
was extracted with an equal volume of an ethanol/chlo-
roform mixture (5:3, volume per volume [v/v]). After
centrifugation at 5000 x g for 30 min, the clear upper
layer (the ethanol phase) was collected and used in the
SOD activity assay. All preparation procedures were
performed at 4°C. Total (Cu–Zn and Mn) SOD (EC
1.15.1.1) activity was determined according to the
method of Sun.[11] Amniotic fluid adenosine deaminase
(ADA) activity was estimated spectrophotometrically
by the method of Giuisti,[12] which is based on the indi-
rect measurements of the formation ammonia, pro-

duced when ADA acts in excess of adenosine. Xanthine
oxidase (XO) (EC 1.2.3.2) activity was assayed spec-
trophotometrically by the formation of uric acid from
xanthine through the increase in absorbance at 293
nm.[13] One unit of activity was defined as 1 μmol uric
acid formed per minute at 37°C with pH 7.5.
Malondialdehyde level was determined by a method of
Esterbauer and Cheeseman.[14] based on the reaction
with thiobarbituric acid (TBA) at 90-100°C. In the
TBA test reaction, malondialdehyde (MDA) or MDA-
like substances and TBA react with the production of a
pink pigment having an absorption maximum at 532
nm. The reaction was performed at pH 2-3 at 90°C for
15 min. The sample was mixed with two volumes of
cold 10% (w/v) trichloroacetic acid to precipitate pro-
tein. The precipitation was pelleted by centrifugation,
and an aliquot of the supernatant was reacted with an
equal volume of 0.67% (w/v) TBA in a boiling water
bath for 10 min. After cooling, the absorbance was read
at 532 nm. The results were expressed according to a
standard graphic that was prepared on the basis of a
standard solution (1, 1, 3, 3-tetramethoxypropane).

Statistical analysis 

Data distribution was tested using the Kolmogorov-
Smirnov test. Comparison among the outcome groups
was performed using the chi-square test for categorical
variables and Mann-Whitney U tests for continuous
variables. Data were presented as mean and standard
deviation (SD) for continuous variables and as n (%)
for categorical variables. The statistical software pack-
age SPSS 19.0 (SPSS Inc., Chicago, IL, USA) was used
for data analyses. 

Results
The clinical and obstetrical characteristics of women
with uncomplicated pregnancies (control, n=71), pre-
eclampsia (n=15) and premature delivery (n=11) are
displayed in Table 1. As expected, the normal preg-
nant women had a higher mean gestational age and
birth-weight at delivery than preeclamptic group
(p<0.001 and p<0.001, respectively) and preterm group
(p<0.001 and p<0.001, respectively) (Table 1). There
were no significant differences between women with
pregnancy complications and uncomplicated pregnan-
cies regarding to demographic characteristics. The val-
ues of serum ADA, SOD, MDA and XO in women
with pre-eclampsia and with preterm birth were not
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statistically different from the controls (Table 2). The
values of MPO in the pathological pregnancies and in
the preterm labor were also similar to the control
group (p=0.59). 

Discussion
In this study, we have observed similar values of oxida-
tive stress indicators in amniotic fluid samples obtained
at midtrimester in women who subsequently developed
preeclampsia and delivered prematurely compared
with women who delivered without any gestational
complication. Likewise, similar amniotic fluid
myeloperoxidase concentrations were noted in women
with complicated pregnancies and control group. An
uncomplicated pregnancy is a pro-oxidant state, which
is characterized with equilibrium between free antioxi-
dants and oxidative stress. Oxidative stress has been
previously proposed as a mediator of preterm birth, but
biomarkers of oxidative stress have not been noted in
either amniotic fluid of preterm or term pregnancies.

Although there is an imbalance between antioxidant
activity and oxidative stress markers as gestation
advances, antioxidant production decreases when ges-
tation achieves term.[15,16] Therefore, in this study, we
attempted to prove that oxidative stress biomarkers in
amniotic fluid could be an indicator for pathological
pregnancies. However, we observed no differences in
the concentrations of oxidative stress between preg-
nancies developing preeclampsia and resulting with
preterm birth and uncomplicated pregnancies.

It has been demonstrated that antioxidants can be
measured in the amniotic fluid, but in much lower con-
centrations compared to serum.[17] The explanation of
the discrepancy of our findings with the previous stud-
ies may be that we did not evaluate the serum concen-
trations of antioxidants. Several studies have noted the
association of maternal oxidative stress biomarkers at
the early pregnancy with pregnancy complications. A
study on longitudinal analysis serum samples obtained
from 18-22 weeks gestation until birth of baby at 4
week intervals has demonstrated a trend tending to

Table 1. Comparison of clinical and obstetric characteristics between study groups developing gestational complications and
the control group.

Preeclampsia group Uncomplicated pregnancies Preterm delivery
(n=11) (n=71) (n=15)

Maternal age 33.18±5.36 32.66±5.69 35.07±2.58

Nulliparity 7 (63.6%) 21 (29.6%) 2 (13.3%)

Gestational age at amniocentesis (weeks) 18.55±1.21 18.30±1.21 18.75±1.29

Gestational age at delivery (weeks) 32.36±3.20 37.85±1.70 30.47±2.59

Birth-weight (g) 1959.55±836.96 3114.30±461.30 1680.73±562.38

Male neonates 6 (54.5%) 33 (46.5%) 7 (46.7%)

Table 2. Comparison of the oxidative stress biomarkers among the study and control groups.

Oxidative stress  Preeclampsia Preterm Birth Controls
biomarkers (n=11) (n=15) (n=71) P1 P2

MPO (mU/g protein) 12.57±6.36 11.14±2.89 12.92 ±8.22 0.77 0.85

SOD (U/mg protein) 0.29±0.18 0.33±0.28 0.28±0.17 0.91 0.80

XO (U/g protein) 0.96±0.59 0.85±0.55 1.07±0.73 0.95 0.64

ADA (U/g protein) 0.09±0.09 0.07±0.10 0.05±0.035 0.34 0.39

MDA (nmol/g protein) 0.49±0.42 0.52±0.40 0.43±0.38 0.65 0.82

Measurements of various oxidative stress markers, including amniotic fluid SOD, MPO, XO, ADA and MDA activity at 16 to 21 weeks gestation in
women who developed subsequent pregnancy complications and those with uncomplicated pregnancies. The values are represented as mean and
standard deviation. P1 value was presented for comparison between women with uncomplicated pregnancies and those with preeclampsia. P2 val-
ues were presented for comparison between women with uncomplicated pregnancies and those with preterm birth.
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increase concentrations of oxidative stress markers in
pregnancies complicated with preeclampsia.[17]

A recent meta-analysis has reported that serum
concentrations of MDA, an end-product of lipid per-
oxidation, were significantly higher in pregnancies
complicated with preeclampsia when compared to
those in normal pregnancies.[18] However, Bogavac et
al. found contradicting results that MDA levels were
low in amniotic fluid of women with preeclampsia.[19]

We noted concentrations of MDA and XOD in
women with complicated pregnancies were similar to
those with normal pregnancies, which is not in corre-
lation with alteration of oxidative stress in the pregnan-
cies with preeclampsia.[18,19] Additionally, levels of SOD,
intracellular enzyme of antioxidative defense, remain
alike in the women with complicated pregnancies,
which is in agreement with the previous study.[19,20] The
concentrations of ADA, which is present in all human
tissue and regarded as a cellular inflammatory indica-
tor, were previously detected higher in plasma of
women with preeclampsia than normal healthy preg-
nancies.[21] However, our result again was not in accor-
dance with published literature data. The explanation
of this discrepancy may be that we did not measure
plasma levels of ADA and the gestational week of sam-
ple collection was different from the previous study.

Oxidative stress has been suggested to be one of the
main pathological processes involved in the preterm
premature rupture of membrane (PPROM). The asso-
ciation of endogenous antioxidant status with prema-
ture rupture of membrane was studied. The plasma
levels of MDA were found to be higher, and SOD and
GSH were lower in women with PPROM than those
in healthy subjects.[22] There were, however, a conflict-
ing results reported by Hsieh et al. that there were no
differences in the plasma levels of SOD activity
between women with uncomplicated pregnancies and
those who delivered prematurely.[20] We also found that
the levels of antioxidants and lipid peroxidation in the
premature birth group were similar to those in the
healthy control group, which is in line with the previ-
ous data.

There are some limitations in the current study.
First, in this study, we recruited participants at 19 to 21
weeks gestation when they were screened for preterm
birth. It is arguable that this timing of examination
would be early for investigating the pathophysiology of
preterm birth. Second, we did not assess the placentas.

However, all amniotic fluid had been collected in this
hospital, but the majority of study population did not
deliver in the same institution and as a consequence, it
was not possible to obtain an adequate number of pla-
centas for investigating the role of oxidative stress in
the underlying pathology of complicated pregnancy.
Third limitation is a relatively small number of
patients. The lack of these statistically significant find-
ings between study and control groups for a relatively
common finding raises possibility that the result
occurred due to a Type I (alpha) error. Further, the
study was underpowered (<80%) to detect a difference
in oxidative stress biomarkers, as having 11 and 15
patients in the study groups.  

Conclusion
In summary, we did not find any differences in oxida-
tive stress biomarkers between women with uncompli-
cated pregnancies and those who subsequently devel-
oped pregnancy complications. This study may suggest
that the oxidative stress markers appears not to have
early impact on the development of pregnancy related
complications, but considering our findings, it is diffi-
cult to state the implication of high oxidative stress on
the pathogenesis of pregnancy related complications.
Nevertheless, future studies are required to examine
whether biomarkers of oxidative stress in amniotic
fluid can be used as a screening to determine pregnant
women at a high risk for those complications.

Conflicts of Interest: No conflicts declared.
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