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Abstract
Purpose The purpose of this study was to evaluate the
cardiac and cerebral oxidative stress in the oVspings of
pregnant rats treated with oxytocin antagonist atosiban.
Methods Experimentally naive, adult female Wistar-
albino rats (200–250 g) were mated with adult male rats for
copulation. After conWrming pregnancy, eight gravid rats
were then randomly assigned into two equal groups. The
animals were treated from days 15 to 20 of gestation.
One group acted as a control group, and received intraperi-
toneal (i.p.) injections of saline in a daily dose volume
of 6 mg/kg/day. The second group received 6 mg/kg/day
i.p. atosiban. On day 21 of gestation, pups were delivered
by cesarean. The heart and brain tissues of the newborn rats
were dissected and sent for the measurement of total oxidant
status, total antioxitant status and oxidative stress index.
Results There was no signiWcant diVerence in birthweight
or in the number of pups between two groups. Newborns
from atosiban-treated mothers showed signiWcantly
increased oxidative stress in the plasma and heart tissue

than that of controls which was conWrmed by histological
examination (P < 0.05). Oxidative stress parameters and
histopathological results of the brain tissues of newborns
were similar between two groups (P > 0.05).
Conclusion Oxytocin receptor blockage for the treatment
of premature delivery may be associated with increased
fetal morbidity and mortality secondary to the elevated oxi-
dative stress in the heart of the newborns.
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Introduction

Preterm labor is deWned as being before 37 completed
weeks and complicates 10–15% of all pregnancies [1]. It is
the most important single determinant of adverse infant
outcome, in terms of both survival and quality of life.
Treatment of preterm labor is important, not as an end in
itself, but as a means of reducing adverse events for the
infants. Delaying delivery by 48 h allows obstetricians to
administer a full course of glucocorticoids to the expectant
mother, which can reduce the incidence of neonatal mor-
bidity and mortality in the preterm neonate [2, 3]. A wide
variety of agents have been advocated as suppressing uter-
ine contractions in patients with preterm labor. Those in
current use include beta-agonists, calcium channel block-
ers, prostaglandin synthetase inhibitors, nitric oxide donors
and oxytocin (OT) receptor antagonists [4].

Atosiban, a peptide antagonist of OT and vasopressin
V1a receptors, has been approved for use in Europe.
Numerous studies have demonstrated the eYcacy of
atosiban as a tocolytic in animals and humans. In previous
multicentric, randomized clinical trials, however, atosiban
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failed to improve relevant neonatal outcomes and was
linked with signiWcant fetal and neonatal morbidity and
mortality [5, 6]. These reports raised concerns about its
eVects of perinatal safety and atosiban is not recommended
for such use in several countries. The main reason of atosi-
ban-related fetal–neonatal mortality was considered to be
related with non-balanced randomization in the relevant
studies, in which higher percentage of patients in labor
before 26 weeks’ gestation was included in the atosiban
group, however, the topic has not been extensively studied
[6–8].

Oxytocin, which was originally considered as a maternal
hormone regulating reproductive functions and complex
maternal behavior, has gained an extensive interest with its
eVects on stress-induced behaviors and physiological func-
tions shown in both animal and human research [9–11].
Transplacental passage of oxytocin and atosiban from
mother to fetus was previously shown in either human or
animal models [12–14]. Furthermore, it has been previ-
ously shown that OT alleviates dermal, gastric, hepatic,
cerebral and colonic injury by reducing oxidant stress in
diVerent models of inXammation and these protective
eVects can be reversed via OT receptor blockage by atosi-
ban [15–21]. In a recent trial, cardioprotective eVect of OT
on ischemia/reperfusion injury in an in vivo rat model has
been presented [22].

On the basis of this background, using oxidative stress
index (OSI) values, we aimed to investigate the eVects of
oxytocin receptor blockage on the heart and brain tissues of
newborn rats exposed atosiban during late prenatal period
in an experimental model.

Materials and methods

Care of animals and treatment

This study was carried out in the Experimental Research
Laboratory of the Faculty of Medicine, complying with the
approval of the ethic committee and the guidelines for care
and use of experimental animals. Eight adult female Wistar
rats each weighing between 200 and 250 g were purchased
from Animal Laboratory. All rats were examined by a vet-
erinarian and determined to be in good health. The rats
were housed in plastic cages and they were kept under stan-
dard conditions: 12-h light and 12-h dark periods, 20°C
constant temperatures and a humidity range between 40 and
60%. The rats had free access to standard dry pellets
ad libitum and tap water until the end of the study. The
female rats at proestrous, determined by vaginal lavage
were caged overnight with sexually matured males of the
same strain. The following morning, vaginal smear were
obtained and observed under the light microscope and

presence of sperm indicated zero day of pregnancy. The
pregnant female rats were divided into two groups of four
animals. The animals were treated from days 15 to 20 of
gestation. One group acted as a control group, and received
intraperitoneally (i.p.) injections of saline in a daily dose vol-
ume of 6 mg/kg. The second group received 6 mg/kg/day
i.p. atosiban. Atosiban (Ferring Pharmaceuticals, Malmö,
Sweden) was purchased from a local pharmacy shop. All
animals were examined at least once daily for drug-related
clinical signs of toxicity.

Parturition

On day 21 of gestation, pregnant Wistar rats were eutha-
nized and pups were delivered by cesarean section. Fetuses
were removed individually, weighed and examined for
external, visceral, and skeletal alterations and were found to
be normal. The heart and brain tissues of the newborns
were completely dissected under a microscope.

Tissue preparations for analysis

After removal, the heart and brain tissues were stored in a
deep freeze (¡80°C) until processing. All tissues were
homogenized in ice-cold 140 mM KCI at 16,000 rpm for
2 min using a homogenizer (IKA Ultra-Turrax T25 basic
homogenizer, Germany). The homogenate was centrifuged
at 3,000 rpm for 5 min at +4°C. The supernatant was used
to measure the total antioxitant status (TAS) and total oxi-
dant status (TOS) activities.

Measurement of TAS

Plasma and tissue TAS levels were determined using a
commercially available kit developed by Erel [23, 24]
(REL assay diagnostics, Mega Tip, Gaziantep, Turkey).
In this method, hydroxyl radical, which is the most potent
radical, is produced via Fenton reaction. In the classical
Fenton reaction, the hydroxyl radical is produced by mix-
ing of ferrous ion solution and hydrogen peroxide solu-
tion. In the most recently developed assay by Erel [23],
same reaction is used. In the assay, ferrous ion solution,
which is present in the reagent 1, is mixed by hydrogen
peroxide, which is present in the reagent 2. The sequen-
tially produced radicals such as brown-colored dianisidi-
nyl radical cation, produced by the hydroxyl radical, are
also potent radicals. In this assay, antioxidative eVect of
the sample against the potent free radical reactions, which
is initiated by the produced hydroxyl radical, is measured.
The assay has got excellent precision values, which are
lower than 3%. The results are expressed as millimoles of
Trolox (Sigma-Aldrich Chemical Co., Deutschland,
Germany) equivalent per liter.
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Measurement of TOS

Plasma and tissue TOS levels were determined using a
commercially available kit, developed by Erel [23, 24]
(REL assay diagnostics, Mega Tip, Gaziantep, Turkey). In
this method, oxidants present in the sample oxidize the fer-
rous ion-odianisidine complex to ferric ion. The oxidation
reaction is enhanced by glycerol molecules, which are
abundantly present in the reaction medium. The ferric ion
makes a colored complex with xylenol orange in an acidic
medium. The color intensity, which can be measured spec-
trophotometrically, is related to the total amount of oxidant
molecules present in the sample. The assay is calibrated
with hydrogen peroxide, and the results are expressed in
micromolar hydrogen peroxide equivalent per liter (�mol
H2O2 equiv/L). Hydrogen peroxide and other derivatives of
peroxides, produced physiologically in organisms and
occurring in higher concentrations in the tissues under
some pathologic conditions, and diVuse into plasma. The
level of total peroxide was measured and expressed as TOS
in this study.

Measurement of OSI

The ratio of TOS to TAS was accepted as the OSI. For cal-
culation, the resulting unit of TAS was converted to �mol/L,
and the OSI value was calculated according to the follow-
ing formula : OSI (arbitrary unit) = TOS (�mol H2O2

equiv/L)/TAC (�mol Trolox equiv/L) [23–25].

Histologic examination

All the specimens were also sent for histologic investiga-
tion in order to conWrm the tissue diagnosis. For light
microscopic evaluation, neonatal heart and brain samples
were Wxed in phosphate buVered 10% formalin and pre-
pared for routine paraYn embedding. Sections of tissues
were cut at 5 �m, mounted on slides, stained with hema-
toxylin and eosin (H&E) and examined by a Leica
DFC280 light microscope and Leica Q Win Image Analy-
ses System (Leica Microsystems Imaging Solutions,
Cambridge, UK). Tissue sections were then examined
microscopically by a pathologist blind to clinical data and
experimental procedure. The major histopathological
Wndings of cellular damage, vacuolation, necrosis, vascu-
larity and leucocyte inWltration were evaluated. The histo-
logical score of the organ was calculated as the sum of the
scores (0–3) given for each criterion, using the semiquan-
titative scale. Histological scorings were made at magniW-
cation of 40£ from 20 random Welds per section from
each specimen.

Statistical analysis

The comparisons of baseline charactheristics of newborn
rats were performed with independent sample t test by
using the Statistical Package for Social Sciences (SPSS
11.5, SPSS Inc., Chicago, IL, USA). Since the results
showed a non-normal distribution, Mann–Whitney U test
was used for detection of TAS, TOS and OSI value diVer-
ences between the groups.

Kruskal–Wallis test was conducted on histological vari-
ables to compare all groups together. For detecting inter
group diVerences, the Bonferroni Mann–Whitney U test
was used permutatively. All data were expressed as
mean § SD. A P value of less than 0.05 was accepted as
statistically signiWcant.

Results

Maternal treatment with atosiban had no eVect on the num-
ber of oVspring born or antropomethric measurements. No
fetal death or resorption was found in any of the dams. The
mean body weight of the pups in study group and control
group were 5.04 § 0.610 and 5.22 § 0.72 g, respectively
(P = 0,372). The mean length of the pups of the study and
control group were 18.8 § 1.71 mm, 19.2 § 1.29 mm,
respectively (P = 0.124).

Assessment of TAS, TOS and OSI

A marked increase in plasma TOS levels in atosiban-treated
group was determined when compared to control group
(P = 0.021). The mean TAS, TOS and OSI values deter-
mined in plasma and tissue samples of the newborns are
presented in Tables 1, 2 and 3. The mean cardiac TOS and
OSI values of the Atosiban-treated group was signiWcantly
higher than that of control cases (P = 0.025 and P < 0.001,
respectively) (Fig. 1). Oxidative stress parameters in the
brain tissue of the dams were similar between the groups.

Table 1 Total antioxidant status (TAS), total oxidant status (TOS)
and oxidative stress Ândex (OSI) in the brain tissues of newborn rats

Data are expressed as mean § SD

Parameters Atosiban group Control group P value

TAS (mmolTrolox Equiv/L) 0.712 § 0.354 0.659 § 0.259 0.882

TOS (�mol H2O2 Equiv/L) 5.306 § 1.989 6.018 § 1.08 0.119

OSI (ratio) 0.927 § 0.449 1.231 § 0.851 0.07
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Assessment of histopathological examination

The histologic appearances of cardiac and cerebral speci-
mens obtained from the siblings at postnatal day 0 are
shown in Fig. 2. Histopathological scores were signiWcantly
higher in all the cardiac tissues from the rats exposed to
Asotsiban, demonstrating structural degeneration accompa-
nied by vasocongestion, and diVuse edema (P < 0.01).

InXammatory cell inWltration were not diVerent between the
groups (Table 4).

There was no any signiWcant histopathological changes
in brain tissues, neither in study group nor in control group.

Discussion

In the present study, it has been clearly shown that intra-
peritoneal administration of Atosiban to pregnant rats at a
dosage level of 6 mg/kg in late pregnancy, caused oxidative
damage in the heart tissues of newborns as demonstrated by
increased total oxidative parameters together with the histo-
logical Wndings.

Despite being the Wrst peptide hormone to be character-
ized and synthesized, the eVects of OT were considered
to be restricted to the reproductive system. It was
believed that OT is released from hypothalamic nerve
terminals of the posterior pituitary into the circulation
where it stimulates uterine contractions during parturi-
tion and milk ejection during lactation. However, OT
receptor is expressed in many other organ systems and
the hormone may have the potential role to aVect the nor-
mal cellular functioning in these tissues (17–20). Previ-
ously, it was shown that the heart is a site of OT synthesis
and release . The presence of OT was detected in all four
chambers of the rat heart, and its gene expression was
determined by the presence of speciWc OT mRNA after
PCR analyses [26]. It has been suggested that intrinsic
OT system may play an important physiological role in
regulation of vascular tone, as well as control of cardiac
function [27, 28]. Oxytocin protects oxidative damage by
acting as an antioxidant agent and its protective eVect in
the brain, colon, liver and kidney appears to be dependent
on its inhibitory eVect on the production of reactive oxy-
gen species [17, 18, 29].

In a recently published experimental model of ischemia/
reperfusion injury, Houshmand et al. [30] demonstrated the
blockage of the cardioprotective eVect of OT by atosiban.
Another possibility to consider is that OT may release atrial
natriuretic peptide, which is a vasodilator and has antioxida-
tive properties [31]. In view of the emerging signiWcance of
OT on cardiovascular health, we investigated, for the Wrst
time, the eVects of atosiban, a choice of treatment for prema-
ture delivery, on the cardiac oxidative status of newborns.

In the human and animal studies, it was suggested that
there was an increase in the number of stillbirths in preg-
nants exposing atosiban during late pregnancy [6, 32]. In
their large-scale multicentric, randomized controlled study,
Romero et al. have reported that the fetal-infant mortality rate
was signiWcantly higher in the pregnants receiving atosiban
than that of placebo group (4.5 vs. 1.7%; P < 0.05). These
data, together with our results, may provide an explanation of

Fig. 1 Comparison of oxidative stress index (OSI) values between the
groups [1 Study group: brain; 2 Control group: brain (P = 0.07); 3 study
group: heart; 4 Control group: heart (P < 0.01)]

Table 2 Total antioxidant status (TAS), total oxidant status (TOS)
and oxidative stress Ândex (OSI) in the heart tissues of newborn rats

Data are expressed as mean § SD

Values in italics indicate that the diVerence is statistically signiWcant

Parameters Atosiban group Control group P value

TAS (mmolTrolox Equiv./L) 0.325 § 0.277 0.413 § 0.286 0.136

TOS (�mol H2O2 Equiv./L) 7.245 § 4.762 6.861 § 4.253 0.025

OSI (ratio) 2.266 § 0.485 1.807 § 0.401 <0.001

Table 3 Total antioxidant status (TAS), total oxidant status (TOS)
and oxidative stress Ândex (OSI) in the plasma of newborn rats

Data are expressed as mean § SD

Value in italics indicates that the diVerence is statistically signiWcant

Parameters Atosiban group Control group P value

TAS (mmolTrolox Equiv./L) 0.912 § 0.442 0.704 § 0.314 0.09

TOS (�mol H2O2 Equiv./L) 8.306 § 1.115 6.018 § 0.920 0.021

OSI (ratio) 1.932 § 0.557 1.441 § 0.951 0.061
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increased fetal mortality in patients treated with atosiban in
order to prevent premature delivery.

Although, there are diVerent opinion on the subject, in
humans, it has been shown that maternal oxytocin concen-
trations rise gradually with advancing gestation [33, 34].

However, little transport of oxytocin across the placenta has
been shown an in vivo study [34].

Pharmacokinetics, plasma kinetics and placental transfer
of atosiban has been investigated both with single i.v. bolus
and diVerent infusion schemes in pregnant women. Valen-
zuela et al. [12] demonstrated the transplacental passage of
atosiban in pregnant women. Following an infusion rate of
300 �g/min in healthy pregnant women at term, the fetal/
maternal atosiban concentration ratio was found 0.12. In
experimental rat models, the fetal-to-maternal concentra-
tion ratio of the drug has been found 0.01–0.02. Although
such a low placental transfer rate, our results must raise
concerns about the fetal and neonatal safety of OT receptor
blockage for the treatment of premature labor.

Recently, it has become clear that oxytocin also exerts
numerous actions within the brain to modify behavior in
several species, including humans [35, 36]. It was shown
that 1–2% of peripherally given dose of OT passes the

Fig. 2 The histopathological 
appearance of cardiac samples 
of the pups from control 
(a–c) and Atosiban 
(b–d) groups (H&E £40). 
Arrows indicate necrotic and 
hydropic changes in cardiomyo-
cytes (b) and increased vascular 
congestion (d) in the heart. 
Histopathological changes 
of the brain tissue were not 
diVerent between the Atosiban 
(e) and control groups (f)

Table 4 Mean histological scores of the cardiac tissues of the
Atosiban and control groups

Data are expressed as mean § SD

Values in italics indicate that the diVerence is statistically signiWcant

Histological changes Groups P value

Atosiban group Control group

Necrosis 1.20 § 0.71 0.50 § 0.57 <0.01

Hydropic vacuolization 2.06 § 0.58 0.46 § 0.30 <0.01

Vascular congestion 2.03 § 0.92 0.77 § 0.46 <0.01

Leucocyte inWltration 0.30 § 0.46 0.20 § 0.40 0.380
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blood–brain barrier. Furthermore, in humans, fetal oxytocin
concentrations are higher in the umbilical artery than in the
umbilical vein at term, suggesting that the fetus itself is an
active producer of the hormone [37, 38]. Tyzio et al. [39]
have reported a novel role for oxytocin within the rat brain,
as a neuroprotective agent that protects the fetal hippocam-
pus from hypoxic or hypoglycemic insult during delivery.
They showed that treatment of fetuses with atosiban,
advanced the onset of anoxic depolarization in the hippo-
campus of term rats in vitro. The neuroprotective eVects of
oxytocin have been suggested to be associated with the trig-
gering an inhibitory switch in GABA (�-aminobutyric acid)
signaling which prolongs the time to anoxic depolarization
in neural cells. However, in our study, the mean brain TAS,
TOS and OSI values after treatment were not siginifcantly
diVerent between the atosiban and control groups. Further-
more, there was no evidence of cellular damage in the brain
tiusse sections and the tissue arcitecture was appeared his-
tologically normal in all cases from both groups. This may
be related to the small numbers of litters per experimental
group, selected dose of the atosiban and/or the short dura-
tion of treatment in the present study.

In this study, we have used novel measurement methods
to evaluate the extent of oxidative stress in the heart and
brain tissues of newborn rats. It provides a useful method
for the rapid evaluation of the TAS and TOS, which are
valuable in the diagnosis of oxidative stress [23–25].

There are several limitations to this study. This is an
experimental study with small numbers of pregnant rats per
groups. This was due to our ethical concern regarding to
conform of ‘principle of reduction’ in animal experiments;
however, much larger numbers would be needed to Wnd
smaller histological and biochemical diVerences between
the groups. The second limitation was using a sigle-dose
Atosiban in the present study design, instead of evaluation
the biochemical and histological changes in diVerent doses.
Therefore we were unable to reach a ‘dose-response curve’,
which would certainly be more valuable to analyse the pos-
sible detrimental eVects of Atosiban on heart and brain tis-
sues of newborns and to make a clear conclusion.

In conclusion, the discovery of protective eVects of OT
on various tissues including heart and brain, provides us
another point of view for the treatment of premature
delivery. We are introducing a new research trend based on
a novel concept. Evidence linking oxytocin receptor block-
age and increased cardiac oxidative stress in our study
could provide insights into the atosiban-associated fetal–
neonatal mortality which was previously reported. Accord-
ing to the best of our knowledge, this is the Wrst time such
an observation has been reported in an experimental model.
For mentioned reasons above, to prevent the possible
deleterious eVects of the atosiban associated-oxidative
stress in the newborns, the addition of antioxidant therapy

may be considered in women with a diagnosis of premature
delivery, and treated with oxytocin antagonists.

ConXict of interest None.
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