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Abstract

The aim of the study was to investigate oxidative stress during normal pregnancy in female dogs
based on an evaluation of plasma markers for lipid and protein peroxidation. Twenty clinically
healthy female dogs (10 non-pregnant and 10 pregnant) were used in the study. Blood samples from
the pregnant animals were collected at 19-21, 38-40, and 56-58 days of pregnancy. Blood samples
from non-pregnant female dogs were obtained between 20 and 35 days after ineffective breeding. As
indicators of oxidative stress, we measured the following using spectrophotometric and spectrof-
luorimetric methods: thiobarbituric acid reactive substances (TBARS), radical cations of N,N, die-
thylpara-phenylene diamine (RC-DEPPD), sulfhydryl groups (SH groups), bityrosine and formyl-
kynurenine. The mean plasma TBARS concentration in the pregnant dogs (0.486 ± 0.071 – 0.581
± 0.191 μmol/g protein) was significantly higher (p<0.05) than that found in the non-pregnant animals
(0.274 ± 0.111 μmol/g protein). A marked, although not significant, decrease in SH group content, as
well as an increase in bityrosine and formylkynurenine concentration were concurrently observed in
the pregnant dogs. No significant differences were found in terms of the studied markers in the
pregnant animals when comparing the values obtained during the investigated periods of pregnancy,
although there was a progressive decrease in TBARS concentration and a progressive increase in
RC-DEPPD, bityrosine and formylkynurenine contents. Our findings suggest that normal pregnancy
in female dogs is associated with oxidative stress. Further studies are necessary to establish the
physiological ranges of antioxidative/oxidative profiles in pregnant dogs and to explain if and how the
intensity of oxidative stress might contribute to the risk of the complications of pregnancy.
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Introduction

Oxidative stress is described as an imbalance in
the production of reactive oxygen species (ROS) and
the ability of antioxidant defenses to scavenge them
(Myatt and Cui 2004). This may occur when ROS are
produced faster than they can safely be neutralized by
antioxidant mechanisms. In low concentrations ROS
are important for several physiological processes, in-
cluding the mammalian reproductive functions, such
as ovarian follicular development, ovulation, fertiliz-
ation, luteal steroidogenesis, endometrium receptiv-
ity, embryonic development, implantation and early
growth and development (Agarwal et al. 2005,
Al-Gubory et al. 2010). However, ROS excess, if not
properly controlled by antioxidant mechanisms, leads
to oxidative stress and induces cellular damage by act-
ing on lipids and proteins, as well as other macro-
molecules (Halliwell 2006). Irreversible modification
of cellular components by ROS leads to cell dysfunc-
tion. It is known that oxidative stress contributes sig-
nificantly to the development of many diseases in hu-
mans and animals (Halliwell 2006, Lykkesfeldtand
and Svendsen 2007).

Lipid peroxidation is a non-enzymatic reaction
based on the oxidation of mainly unsaturated fatty
acids of cell membranes. This may influence the prop-
erties of cell membranes and their physiological func-
tions (Gutteridge 1995). Once initiated, lipid peroxi-
dation continues as a chain reaction to generate lipid
hydroperoxides and aldehydes and a single oxidative
event can thus affect many lipid molecules
(Kruidenier and Verspaget 2002). Moreover, hy-
droperoxides and aldehydes are directly toxic to cells
and organelles (Aw 1998). Lipid peroxidation pro-
cesses may be detected by the determination of their
intermediates and metabolites (Benzie 1996). Prod-
ucts of lipid peroxidation processes are frequently
used as biomarkers of oxidative stress.

Proteins are the most abundant cell constituents,
which make them important ROS targets. Although
protein peroxidation is not as efficient as lipid peroxi-
dation, it leads to the modification of amino acid resi-
dues, aggregation or fragmentation of protein mol-
ecules and the loss of the biological activity of pro-
teins (Beal 2002). In consequence, the metabolic
pathways might be impaired and disturbances may oc-
cur (Marnett et al. 2003). Protein peroxidative dam-
age can be detected by the determination of end prod-
ucts such as bityrosine and formylkynurenine or the
content of the sulfhydryl groups (SH groups) (Gold-
stein et al. 1994, Halliwell and Whiteman 2004). Bio-
markers of protein peroxidation are considered good
indicators of oxidative stress.

Pregnancy is a period when oxidative stress can be

expected due to the high energy demand and in-
creased oxygen requirement, together with the in-
creased metabolic activity in placental mitochondria
(Gitto et al. 2002). Evidence for this concept can be
found in studies demonstrating elevated levels of
oxidative stress markers during normal pregnancy in
women (Wickens at al. 1981, Iioka 1994, Toescu et al.
2002, Myatt and Cui 2004, Suhail et al. 2011). This
increased oxidative stress has also been reported in
several pathologic pregnancies in women (Bedaiwy et
al. 2004, Myatt and Cui 2004, Wender-Ozegowska et
al. 2004, Juaniaux et al. 2005, Harun et al. 2009,
Al-Naemi et al. 2012). However, information is
limited about the evaluation of the oxidative stress
during pregnancy in animals, including female dogs
(Vannucchi et al. 2007). Therefore, the aim of the
study was to investigate oxidative stress during normal
pregnancy in female dogs based on an evaluation of
plasma markers of lipid peroxidation and protein
oxidative damage.

Materials and Methods

Animals and sample collection

The study was approved by the Local Ethics Com-
mittee appointed by the University of Life Sciences in
Lublin, Poland, and was performed in accordance
with animal protection regulations.

Twenty clinically healthy female dogs of different
breeds were used in the study. The animals were se-
lected from among female dogs presented by their
owners for routine pregnancy diagnosis and monitor-
ing to the Clinic of Reproduction of the Faculty of
Veterinary Medicine in Lublin. The dogs were aged
3-5 years and their weight ranged from 15 to 21 kg.
A narrow range of age and weight for the female dogs
was chosen to reduce the effect of these factors on
oxidative stress markers. To rule out any underlying
diseases, all the animals were clinically examined be-
fore blood sample collection, and routine hematologi-
cal (Scil Vet ABC Plus+ Hematology Analyzer, Hor-
iba ABX, Warsaw, Poland) and biochemical blood
(Mindray BS-130 Chemistry Analyzer, Shenzhen Min-
dray Bio-medical Electronics Co., Ltd, ShenZen,
China) tests were performed as were urinalyses (for
detection pH, leukocytes, protein, glucose, ketones,
urobilinogen, bilirubin and occult blood (IDEXX
VetLab&Urine Analyzer, IDEXX Laboratories, Inc.,
Westbrook, USA) and specific gravity by using refrac-
tometer). No signs of any diseases or abnormal clinical
parameters were found on the physical examination.
The results of haematological and biochemical blood
analyses were within the normal range (Table 1).
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Table 1. Results of hematological and biochemical blood analyses in the female dogs used in the study.

Parameter Mean ± SD (range) Reference range*

RBC (x1012/l) 6.8 ± 0.8 (5.5 – 7.6) 5.5 – 8.0
Hemoglobin (g/dl) 16 ± 1.7 (12.4 – 17.6) 12.0 – 18.0
Hematocrit (%) 41.8 ± 2.4 (38 – 49) 37 – 55
WBC (x109/l) 9.2 ± 0.6 (8.3 – 10.2) 9 – 10
Band neutrophils (x109/l) 0.2 ± 0.07 (0 – 0.3) 0 – 0.3
ALT (U/l) 40.8 ± 5.4 (29 – 43) 3 – 50
AST (U/l) 26.2 ± 7.9 (10 – 33) 1 – 37
Glucose (mmol/l) 4.2 ± 0.3 (3.8 – 4.8) 3.4 – 5.0
BUN (mmol/l) 6.5 ± 1.3 (3.8 – 7.1) 3.3 – 7.5
Creatinine (μmol/l) 108.0 ± 18.7 (88.3 – 137.2) 88.4 – 150.3

* Reference range according to Basic Laboratory Tests in Veterinary Medicine, Winnicka A, SGGW Warsaw, Poland, 2008.
RBC – Red blood cell count, WBC – Total white blood cell count, ALT – Alanine aminotransferase, AST – Aspartate
aminotransferase, BUN – Blood urea nitrogen

No abnormal parameters were found on the urinalysis
(specific gravity: 1.018 – 1.040; pH: 5.5 – 6.2; absence
of detectable amounts of leukocytes, protein, glucose,
ketones, urobilinogen, bilirubin and occult blood in
urine).To minimize feed effect on the studied par-
ameters, only animals receiving similar food were in-
cluded in the study. According to information gained
from the owners, all female dogs were fed commercial
dog food for adult animals (product firms: Royal Ca-
nin, Orijen and Hill’s Science Diet) and water was
given ad libitum. The animals were divided into two
groups – non-pregnant (control group) and pregnant
(experimental group) – consisting of 10 females each.
Pregnancy was confirmed via ultrasonography at the
3rd week after breeding (Honda HS 2000, Honda
Electronics CO, LTD, Japan). The non-pregnant dogs
were confirmed to be in diestrus by clinical history
and vaginal cytology. All pregnant animals whelped
spontaneously between 60 and 64 days of pregnancy.
To exclude any influence of litter size or fetal death,
only female dogs which had litters with 4-6 live pup-
pies in total (no stillborns) were used in the study.

Blood samples from animals of the experimental
group were collected at 19-21, 38-40, and 56-58 days
of pregnancy. Blood samples from the control group
were obtained between 20 and 35 days after ineffec-
tive breeding. Nine milliliters of blood were collected
from the saphenous vein into heparinized tubes and
centrifuged immediately. The plasma was frozen at
-70oC until further processing.

Biochemical investigations

As parameters of lipid peroxidation intensity, the
concentration of thiobarbituric acid reactive substan-
ces (TBARS) and the content of radical cations of

N,N, diethylpara-phenylene diamine (RC-DEPPD)
were used. As parameters of protein peroxidation,
the content of sulfhydryl groups (SH groups), bi-
tyrosine and formylkynurenine were determined.

Lipid peroxidation markers

The concentration of TBARS was determined ac-
cording to the method described by Ledwozyw et al.
(1986). The reaction products were measured spec-
trophotometrically at 532 nm (Ultrospec 2000, Phar-
macia, Uppsala, Sweden). The calculation was based
on a standard curve prepared with different dilutions
of malondialdehyde (MDA). The results were ex-
pressed as μmol/g protein. The intra-assay and in-
ter-assay coefficients of variation were 6.9% (n=10)
and 7.2% (n=10), respectively.

The concentration of RC-DEPPD was deter-
mined as described by Alberti et al. (2000). The esti-
mation of radical cations (RC-DEPPD) formed in the
reaction of alkoxy and peroxy radicals derived from
hydroperoxides (present in the sample) was per-
formed, by using N,N,diethyl-paraphenylene diamine
(DEPPD) allowing the indirect estimation of the level
of hydroperoxides. The incubation mixture contained
1 ml of acetate buffer (pH 4.8), 10 μl of an aqueous
solution of DEPPD (Sigma, Poznan, Poland) (0.37
mol/l) and 20 μl of plasma. After 1.5 h incubation at
37oC absorbance was read at 505 nm against distilled
water (Ultrospec 2000, Pharmacia, Uppsala, Sweden).
In the control sample, 20 μl of distilled water replaced
the plasma. Calculations were based on a standard
curve prepared with six different dilutions of H2O2.
The results were expressed as nmol/g protein. The
intra-assay and inter-assay coefficients of variation
were 9.1% (n=10) and 8.9% (n=10), respectively.
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Table 2. Mean ± SD concentration of thiobarbituric acid reactive substances (TBARS) and radical cation of N,N-die-
thyl-para-phenylene diamine (RC-DEPPD) in blood plasma of the female dogs used in the study.

Groups

experimental

19-21 days
of pregnancy

38-40 days
of pregnancy

56-58 days
of pregnancy

controlParameter

TBARS (μmol/g protein) 0.274 ± 0.111a 0.581 ± 0.191b 0.505 ± 0.133b 0.486 ± 0.071b

DEPPD (nmol/g protein) 0.019 ± 0.008 0.017 ± 0.007 0.020 ± 0.004 0.023 ± 0.006
a, b different superscripts indicate statistically significant differences (p<0.05)

Protein peroxidation markers

The content of SH groups was determined accord-
ing to the procedure described by Rice-Evans et al.
(1991). The reaction mixture absorbance was meas-
ured at 412 nm (Ultrospec 2000, Pharmacia, Uppsala,
Sweden). The concentration of SH groups was cal-
culated using a standard curve prepared with different
dilutions of glutathione (GSH, Sigma, Poznan, Po-
land) ranging from 0 to 1 mmol/l in sodium phosphate
buffer (10 mmol/l, pH 8.0) and expressed in mmol/g
protein. The intra-assay coefficient of variation was
6.9% (n=10) and the inter-assay coefficient of vari-
ation was 7.1% (n=10).

Bityrosine was determined by the spectrof-
luorimetric method according to Rice-Evans et al.
(1991). The plasma sample was excited by light at 325
nm and emission was measured at a wavelength of 420
nm. The standardization of the spectrofluorimeter
(Jasco, Tokyo, Japan) to 100 deflections was per-
formed with quinine sulfate (Sigma, Poznan, Poland)
(0.1 μg/ml in 0.1 mol/l H2SO4) at an excitation of 350
nm and emission of 445 nm. Samples were diluted
with the sodium phosphate buffer (10 nmol/l, pH 8.0).
The results were expressed as μg per mg protein. The
coefficients of variation were: intra-assay 5.9%
(n=10) and inter-assay 6.0% (n=10), respectively.

Formylkynurenine was determined by the spec-
trofluorimetric method according to Rice-Evans et al.
(1991). The plasma sample was excited by light at 360
nm and emission was measured at a wavelength of 454
nm. The spectrofluorimeter (Jasco, Tokyo, Japan)
was standardized as described above. The results were
expressed as μg per mg protein. The coefficients of
variation were: intra-assay 6.3% (n=10) and inter-as-
say 6.5% (n=10).

Protein content

The protein contents of plasma samples were
measured by the biuret method using commercial as-
say kits (Cormay, Lublin, Poland) based on spec-

trophotometric measurement (Ultrospec 2000, Phar-
macia, Uppsala, Sweden). The intra-assay coefficient
of variation was 1.56% (n=20) and the inter-assay co-
efficient of variation was 8.20% (n=60). These values
were only used for recalculations of the examined par-
ameters for more objective comparisons between the
different sample sources.

Statistical analysis

All data were presented as means ± standard er-
rors of the means (SEM). Statistical analysis was per-
formed using STATISTICA 10.0 software (Statsoft,
USA). Analysis the equality of the variances was tes-
ted with Leven’s test. The Tukey’s test was used for
post-hoc tests of significant differences in the concen-
trations of the examined biomarkers between the
study groups, as well as between the successive per-
iods of pregnancy. Differences at p<0.05 were con-
sidered statistically significant.

Results

Analysis of variance for samples in particular per-
iods of pregnancy showed statistically significant dif-
ferences (p<0.05) in the concentrations of TBARS,
RC-DEPPD, SH groups and formylkynurenine.

Lipid peroxidation markers

The mean values of parameters of the parameters
of the lipid peroxidation intensity are presented in
Table 2. The plasma concentration of TBARS was
significantly higher (p<0.05) in the experimental
group of female dogs compared to the control group.
The concentration of TBARS decreased at 38-40 and
56-58 days of pregnancy compared with that at 19-21
days, but no significant difference was found.

The concentration of RC-DEPPD did not differ
significantly between the examined groups of female
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Table 3. Mean ± SD concentration of SH groups, bityrosine and formylkynurenine in blood plasma of the female dogs used in
the study.

Groups

experimental

19-21 days
of pregnancy

38-40 days
of pregnancy

56-58 days
of pregnancy

controlParameter

SH groups (mmol/g protein) 0.00338 ± 0.00064 0.00294 ± 0.0007 0.00245 ± 0.0007 0.00270 ± 0.00027

Bityrosine (μg/mg protein) 0.506 ± 0.208 0.564 ± 0.139 0.651 ± 0.120 0.749 ± 0.052

Formylkynurenine (μg/mg protein) 0.250 ± 0.139 0.236 ± 0.055 0.283 ± 0.070 0.313 ± 0.024

dogs or between the studied periods of pregnancy,
although at 38-40 days and 56-58 days of pregnancy
this parameter was slightly higher than both at 19-21
days and in the control group.

Protein peroxidation markers

The mean values of parameters of the protein per-
oxidation intensity are presented in Table 3.

The concentration of SH groups in the experimen-
tal dogs remained constant throughout the sampling
period and was insignificantly lower than that found
in the control animals.

The plasma bityrosine concentration was marked-
ly higher in the experimental group than in the control
one; however, no significant differences were found
between the groups. In the experimental group, the
concentration of bityrosine gradually increased during
pregnancy, but no significant differences between the
successive time points were observed.

There were no significant differences between the
studied groups in terms of formylkynurenine, al-
though the level of this marker at 38-40 and 56-58
days of pregnancy was markedly higher than that de-
termined in the control group. In the experimental
group, the formylkynurenine concentration gradually
increased, reaching the highest values at 56-58 days;
however, no significant differences were found be-
tween the successive time points.

Discussion

In the present study, oxidative stress during nor-
mal pregnancy in female dogs was evaluated based on
measurements of the products of lipid and protein
peroxidation. Lipid peroxidation intensity was deter-
mined by the evaluation of the concentration of both
intermediates which appear during the propagation
phase of fatty acid peroxidation (RC-DEPPD) as well
as end products of this process (TBARS). As par-

ameters of protein peroxidation, the content of sul-
fhydryl groups (SH groups), bityrosine and formyl-
kynurenine – products of tyrosine and tryptophan per-
oxidative damage, respectively – were determined.
Both a decrease in SH group concentration and an
increase in the concentration of bityrosine and formyl-
kynurenine may indicate peroxidative damage to pro-
teins (Goldstain et al. 1994, Halliwell and Whiteman
2004, Halliwell 2006).

The present study revealed that the concentration
of TBARS was significantly higher in the pregnant
female dogs than in the non-pregnant animals.
A marked, although not significant, decrease in SH
group concentration, as well as an increase in bi-
tyrosine and formylkynurenine concentration were
concurrently observed in the pregnant group. More-
over, in the pregnant group the concentration of
RC-DEPPD, bityrosine and formylkynurenine grad-
ually increased during pregnancy, reaching the highest
values at 56-58 days. These findings proved the pres-
ence of the peroxidative damage of lipids and proteins
which could be interpreted as symptoms of oxidative
stress during pregnancy in female dogs, the intensity
of which seems to increase towards the end of preg-
nancy.

During pregnancy in women circulating markers
of oxidative stress have been shown. Numerous stu-
dies have demonstrated higher concentrations of lipid
peroxidation products in healthy pregnant women
than in non-pregnant women (Uotila et al. 1991,
Qanungo et al. 2000, Toescu at al 2002, Djordjevic et
al. 2004, Hung et al. 2010, Idonije et al. 2011). Some
authors have found that plasma concentrations of
TBARS and other markers of lipid peroxidation grad-
ually increase during pregnancy, reaching the highest
values in the third trimester (Carine et al. 1993, Djor-
djevic et al. 2004, Hung et al. 2010), but other authors
have reported that levels of the products of lipid per-
oxidation reach their maximum concentrations in the
second trimester and then decline until term (Uotila
et al. 1991, Qanungo et al. 2000). Also, a comparison
of the levels of the markers of protein peroxidation
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processes in women indicates the occurrence of
oxidative stress during pregnancy (Wisdom et al.
1991).

Relatively few studies have investigated oxidative
stress in pregnant animals. Previously, only Vannucchi
et al. (2007) examined oxidative profiles in blood
plasma of pregnant and non-pregnant female dogs.
They determined TBARS as a marker of lipid peroxi-
dation and carbonyl proteins as a marker of the occur-
rence of protein oxidation. They found that concen-
trations of TBARS and carbonyl proteins were slightly
higher in the pregnant group compared to the
non-pregnant group, but they found no significant dif-
ferences between the studied groups or between the
subsequent periods of pregnancy regarding these
markers of oxidative stress.

Contradictory information is available on
oxidative status in normal pregnancy in other animals.
Erisir et al. (2009), similar to Oztabak et al. (2005),
did not find any significant differences between
plasma concentrations of lipid peroxidation markers
(TBARS, MDA) in pregnant and non-pregnant ewes.
In contrast, Joshi et al. (2013) found that serum bio-
markers of oxidative stress were significantly higher in
pregnant buffaloes than in non-pregnant animals. Be-
rchieri-Ronchi et al. (2011) investigated oxidative
DNA damage as a marker of oxidative stress in preg-
nant sows. They showed an increased oxidative stress
in middle and late pregnancy in comparison with early
pregnancy. In turn, Staicu et al. (2011) determined
the oxidative stress markers (MDA, carbonyl proteins
and SH groups) in blood of pregnant and non-preg-
nant female rats. They observed that levels of these
biomarkers were lower in pregnant than in non-preg-
nant rats.

Oxidative stress can arise from increased produc-
tion of ROS and/or a decrease in antioxidant capacity.
It is thought that the high metabolic demand during
pregnancy may induce the production of ROS. Sev-
eral organs during pregnancy have been found to re-
veal an increased basal oxygen consumption and
changes in substrate energy use resulting in the pro-
duction of ROS (Toescu et al. 2002, Mutinati et al.
2013). The placenta is another local source of ROS
(Myatt and Cui 2004). As pregnancy and fetal growth
progress, an overproduction of ROS in placental and
fetal mitochondria is observed (Kim et al. 2005). It is
thought that the placenta is a major source of
oxidative stress in pregnant females (Gitto et al. 2002,
Myatt and Cui 2004, Hung et al. 2010). A significant
part of the total indicators of pregnancy-related
oxidative stress may derive from the placenta’s
mitochondrial mass, which increases with gestational
age (Wang and Walsh 1998). Mitochondria are con-
sidered primary generators of superoxide anions

(O-
2), the major ROS molecule (Cadenas et al. 2010).

Oxidative stress has been shown in placental tissues
and its intensity increases significantly as pregnancy
proceeds (Quanungo and Mukherjea 2000, Garrel et
al. 2010). These findings indicate that lipid and pro-
tein peroxidation processes may be restricted to speci-
fic tissues such as placenta tissue and in this site the
oxidative stress intensity might be higher than that in
blood plasma.

Another cause of oxidative stress during preg-
nancy may be a decrease in antioxidant capacity. It is
known that in response to ROS overproduction there
is often up-regulation of antioxidant defenses, but
persistent overwhelming oxidative stress leads to the
consumption and depression of antioxidants (Myatt
and Cui 2004). Several studies in humans and animals
have shown a decrease in the concentration of various
non-enzymatic antioxidants, such as vitamin A, C, and
E, during pregnancy (Vannucchi et al. 2007, Be-
rchieri-Ronchi et al. 2011, Mohebbi-Fani et al. 2012).
Vannucchi et al. (2007) found that profiles of vitamins
A, E and magnesium were significantly lower in preg-
nant female dogs compared to those determined in
non-pregnant animals. They speculated that the in-
creased consumption of these antioxidant elements
might have neutralized the oxidative stress during
pregnancy in female dogs. The lowest levels of vit-
amins A and E in the cited study were observed dur-
ing the 3rd and 5th weeks of pregnancy. This suggests
that the oxidative stress generated during the men-
tioned period of pregnancy leads to a greater con-
sumption of these antioxidants. Another cause of defi-
ciency of these antioxidants during pregnancy could
be placental transfer. Significant changes in the anti-
oxidant enzyme activities have also been observed in
pregnant females (Watson et al. 1997, Djordjevic et
al. 2004, Jauniaux et al. 2005, Oztabak et al. 2005,
Erisir et al. 2009, Hung et al. 2010).

It is well known that the changing hormonal activ-
ity of ovaries has an important role in oxidative stress
(Pajovic et al. 2003). Some investigators assume that
both estrogens and progesterone have antioxidant
properties modulating antioxidant enzyme activities
and reduce oxidative stress (Roof and Hall 2000,
Pajovic et al. 2003), while the others, on the contrary,
state that progesterone abrogates the antioxidant ef-
fects of estrogens (Wassman et al. 2005). In the pres-
ent study, both pregnant and non-pregnant female
dogs were under the influence of progesterone domi-
nance. It is known that the duration of the luteal
phase in pregnant and non-pregnant dogs in diestrus
is similar and there is no significant difference in
mean serum progesterone concentration when com-
paring pregnant with non-pregnant female dogs in
diestrus (Concannonet al. 2009). Therefore, we con-
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cluded that the differences in the oxidative status
demonstrated in our study between pregnant and
non-pregnant female dogs were not dependent on sex
steroid hormones.

This study has one limitation. We could not com-
pletely exclude any effect of nutrition on the studied
parameters. All the animals included in the study
were selected from among female dogs brought by
their owners to the Clinic of Reproduction, Faculty of
Veterinary Medicine in Lublin with the aim of diag-
nosing and managing their pregnancy; therefore, we
were unable to feed them the same food. It is known
that most commercial foods for dogs are supplement-
ed with antioxidants, such as vitamin E and selenium
(Se) at variable concentrations (Simcock et al. 2005).
Moreover, commercial dog foods may be supplement-
ed with inorganic or organic Se. These forms of Se
differ in bioavailability in dogs and as a result in anti-
oxidant activity (Todd et al. 2012). In turn, the con-
centration of vitamin E in commercial dog foods may
decrease during long storage. We chose the animals
which received commercial dog food for adult animals
supplemented with similar concentrations of Se.
Since, in our study, female dogs were fed similar but
not the same commercial dog foods, we cannot ex-
clude the possibility of the effect of nutrition on the
parameters studied.

Although our findings point to the fact that
oxidative stress may occur during pregnancy in female
dogs, the question as to whether this might increase
the risk connected with the outcome of pregnancy and
health of mother and fetuses, similar to that observed
in women, is still unanswered. Numerous human stu-
dies have shown that oxidative stress is associated with
pregnancy complications, such as fetal growth retar-
dation, embryo resorption, embryo and fetus
anomalies, abortions, pre-eclampsia, preterm labor
and gestational diabetes (Bedaiwy et al. 2004, Myatt
and Cui 2004, Wender-Ozegowska et al. 2004, Min et
al. 2009, Al-Gubory et al. 2010). However, limited in-
formation and research studies are available about the
possible role of oxidative stress on pregnancy out-
comes in animals. Al-Naemi et al. (2012) showed
a negative correlation between oxidative stress during
pregnancy and pup count in rats. In this study, his-
topathological examination of placental tissues dem-
onstrated that oxidative stress induced macroscopi-
cally visible degeneration of deciduae with the micro-
scopic appearance of vasculitis and hemorrhage.
Some studies have suggested that oxidative stress is
implied in the development of gravidic toxemia in
ewes (Kulcsar et al. 2006, Al-Qudah 2011).

In conclusion, our findings suggest that normal
pregnancy in female dogs is associated with oxidative
stress. Further studies are necessary to establish the

physiological ranges of antioxidative/oxidative profiles
in pregnant dogs and to explain if and how the inten-
sity of oxidative stress might contribute to the risk of
the complications of pregnancy.
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