- Publishing

Journal of the Hellenic Veterinary Medical Society

Vol 73, No 2 (2022)

JOURNAL OF THE HELLENIGS
VETERINARY MEDICAL SOCIELY,

MEPIOAIKO THX EAAHNIKH
KTHNIATPIKHZ ETAIPEIA

N (it .
Quarterly Edition /& 2 LN @\ Townvicia ExdoaT
Volume 73,No2 [+ ) Topog 73, No 2
APRIL - JUNE 2022 | § ANPIAIOE. - IOYNIOE 2022,
\

>

N\
NI 19aa

To cite this article:

Oxidative stress in dogs during mid-gestation
abortion: Fetal and maternal antioxidant alterations
with clinical and hematological features

Gozde Ozalp, Z Giil, N Seyidoglu, L Biiyiikuysal

doi: 10.12681/jhvms.26307

Copyright © 2022, Gozde Ozalp

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0.

Ozalp, G., Gill, Z., Seyidoglu, N., & Biiyiikuysal, L. (2022). Oxidative stress in dogs during mid-gestation abortion: Fetal
and maternal antioxidant alterations with clinical and hematological features. Journal of the Hellenic Veterinary Medical
Society, 73(2), 4041-4048. https://doi.org/10.12681/jhvms.26307

https://epublishing.ekt.gr | e-Publisher: EKT | Downloaded at: 16/01/2026 09:20:05



Research article

JHELLENIC VET MED SOC 2022, 73 (2): 4041-4048
IIEKE 2022, 73 (2): 4041-4048

Epevvnytixo aplpo

Oxidative stress in dogs during mid-gestation abortion: Fetal and maternal
antioxidant alterations with clinical and hematological features
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ABSTRACT: The present study aimed to evaluate the GSH and MDA levels in dog’s serum and vital organs of
aborted fetuses, after application of two abortifacient. Animals of group I (n = 6) were treated twice with subcutaneous
injection of 10 mg/kg aglepristone and group II (n = 3) received prostaglandin F2a at a dose of 125 pg/kg every 12
hours until abortion process completed. Hematologic examinations and sedimentation rates were performed of bitches.
The duration between the first occurrence of vaginal discharge to first expulsion of fetuses ranged between 14-29 hours
(mean: 22.6+5.5 h) and 24-33 hours in group I and II, respectively. Both treatments significantly increased the serum
MDA levels (P<0.01); however aglepristone increased the MDA levels throughout the study, prostaglandin enhanced
plasma MDA levels only on day 1. GSH levels were significantly lower in aglepristone-treated bitches than prostaglan-
din-treated animals (P<0.05). The treatments resulted in similar MDA levels in liver and heart tissues (P>0.05). GSH
levels in kidney, muscle and heart tissues did not differ between groups (P>0.05), aglepristone resulted reduced GSH
levels in liver tissue (P<0.05). High MDA levels could be evaluated as a useful marker for fetal suffering in pregnancy
controls. The MDA and GSH levels, measured in vital organs of fetuses, could suggest possible toxic effects of aborti-
facients in newborns, as both medical agents are being used in parturition induction.
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INTRODUCTION
Unwanted pregnancy termination is a common
procedure in canine reproduction. Safe and ap-
plicable methods consisting of inexpensive pharma-
cological agents for abortion are particularly desired.
The administration of different abortifacients such as,
prostaglandin F2a, dopamine agonists, dexametha-
sone and progesterone blockers were tested at differ-
ent doses, alone or in combination for mid-gestation
pregnancy termination in dogs (Kaya et al., 2014; Pet-
terson and Tidholm, 2009; Galac et al., 2000; Cetin
et al., 2000; Corrada et al., 2006; Hori et al., 2002;
Gobello et al., 2002; Onclin and Verstegen, 1999;
Feldman et al., 1993; Shille et al., 1984; Wanke et
al., 1997; Zone et al., 1995; Onclin and Verstegen,
1996). Great oxygen consumption by feto-maternal
unit and alterations in metabolic pathways are the rea-
sons of increased oxidative stress during pregnancy
period, leading imbalance between the formation of
free radicals and the capacity for defense of the anti-
oxidant mechanisms (Harma et al., 2004; Casanueva
and Viteri, 2003; Vannucchi et al., 2007; Krieger and
Loch-Caruso, 2001). Catalase is a major determinant
in protecting ovary, embryo and sperm from oxida-
tive damage. It prevents damages caused by oxidative
stress by removing O2, generated by nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase
(Arslan et al., 2019). Decreased enzyme activity leads
to the imbalance of elevated oxidative stress and re-
duced anti-oxidants which could be the reason of
pathophysiology of pregnancy-related disorders, such
as abortions, pre-eclampsia (Kolusari et al., 2008; Liu
et al., 2011; Khan et al., 2019; Issa et al., 2012).

The end product of polyunsaturated fatty acid is
malondialdehyde (MDA) is a reliable biomarker of
lipid peroxidation (LPO) (Acaroz et al., 2018). In-
creased free radicals generated during metabolic re-
actions, could have deleterious effects on cells, lead-
ing tissue damage and cell death (Turgut et al., 2006;
Athar et al., 1993; Halliwell, 1997). As exogenous and
endogenous factors such as stress, infectious, medical
agents, UV rays, food additives could markedly in-
crease lipid peroxidation in brain, lung, kidney and
liver, MDA becomes an important marker due to en-
hanced oxidative stress (Acaroz et al., 2018). On the
other hand, some antioxidant mechanisms exist, that
are effective in cellular defense against oxidative inju-
ry (Turgut et al., 2006; Van Bladeren, 2000). A major
non-enzymatic antioxidant, Glutathione (GSH), plays
an important role in protection of cells against lipid
peroxidation by free radicals and the toxicity of xeno-

biotic electrophiles, and maintaining redox homeosta-
sis (Van Bladeren, 2000; Forman et al., 2009).

There are some reports about oxidative stress pa-
rameters during spontaneous miscarriage in women;
however no information is available of these parame-
ters during the abortion in dogs, not even investigated
during canine pregnancy. The oxidative stress status
during mid-gestation abortion in dogs has to the best
of our knowledge not been studied before; therefore,
the aim of this study was to investigate the GSH and
MDA levels after application of two different aborti-
facients, used so often in small animal reproduction.

MATERIALS AND METHODS

Animals

Nine clinically healthy, mix-breed pregnant bitch-
es between day 25 and 35 of gestation, aged 2-5 years,
and with a body weight of 14-30 kg, were used in the
study. All bitches, included to the study, were brought
to Department of Obstetrics and Gynecology, Faculty
of Veterinary Medicine, Bursa/Turkey with a histo-
ry of unwanted pregnancies. They were hospitalized
during the process, fed a standard commercial dog
food once daily, and given water ad [ibitum. Animals
of group I (n = 6) were treated twice with subcuta-
neous injection of 10 mg/kg aglepristone (Alizin®,
Virbac, Germany) with a 24 hours interval. Animals
of group II (n = 3) received repeated intramuscular
injections of prostaglandin F2a (Prostagin® Aksu Ec-
zacilik ve Ila¢ San, Ankara, Turkey) at a dose of 125
ug/kg every 12 hours until abortion process complet-
ed.

Approval of the ethical committee of the Uludag
University for using the animals was obtained (2014-
03/02). Pregnancy confirmations were carried out by
ultrasonographic examinations (5-7.5 MHz linear
array transducer; Dynamic Imaging MCV-Concept,
UK).

Sampling and examinations

The stage of pregnancy was defined according to
reference equations by measuring fetal and extra-fe-
tal structures (Luvoni and Grioni, 2000). The bitches
were ultrasonographically examined every 12 hours.
Not only the termination of pregnancies, but also
the survivals of the fetuses were monitored by ultra-
sonography. The time period between first medical
treatment-vaginal discharge and first abortion, num-
ber of aborted fetuses, body temperature of bitches
and side effects were recorded. Aborted death fetuses
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were collected; liver, kidney, heart, and skeletal mus-
cle (musculus gastrocnemius) tissues of fetuses were
immediately removed and stored at —20°C until anal-
ysis. In order to assess hematological consequences of
treatments, collection of blood samples from saphe-
nous vein of bitches were performed EDTA contain-
ing tubes. For MDA and GSH measurements, serum
samples were stored at —20°C after centrifugation at
5000 rpm for 10 minutes.

Hematologic examinations

Numbers of erythrocyte and hematocrit values
were estimated according to the methods reported by
Jain (1986). A small amount of blood (about % of tube)
was placed in heparinized micro hematocrit capillary
tube and centrifuged at 12000 rpm for 5 minutes. Also
MCV (mean corpuscular volume), MCH (mean cor-
puscular hemoglobin), and MCHC (mean corpuscular
hemoglobin concentration), were estimated according
to Jain (Jain, 1986).

Erythrocytes and leucocytes were counted by
Thoma count slide. Blood samples were prepared
with hayem and Turk solutions for erythrocyte and
leucocyte examinations, respectively. Thoma slides
were examined under a light microscope with mag-
nification of 100x. The levels of hemoglobin were
measured by Sahli method. A differential white cell
count (leukocyte formula) consists of an examination
of blood to determine the presence and the number of
different types of white blood cells. Leukocyte formu-
la was performed by peripheral blood smear stained
by Pappenheimer panoptic staining method (Konuk,
1981). The erythrocyte sedimentation rate was mea-
sured by the Westergren method (Lewis, 1980) and
reading was taken after 24 hours.

Determination of oxidative stress markers

Evaluation of malondialdehyde (MDA) levels in
blood and tissue samples

Blood and tissue levels of MDA were determined
after DNPH derivatization as described previously
(Pilz et al., 2000). To prepare the blood samples, 360
pl serum and plasma was mixed 40 pl 10% sulfuric
acid then centrifuged at 10000 rpm for 10 min. Two
hundred pl supernatant was mixed with with 20 pl of
5 mM of DNPH prepared in 2 M hydrochloric acid
and incubated for 24 h under dark. Tissues obtained
from fetuses were homogenized in 2 ml of 1% sul-
furic acid. Two hundred pl homogenate was mixed
with 20 pl of 5 mM of DNPH prepared in 2 M hy-

drochloric acid and incubated for 24 h under dark.
The mixture was then centrifuged at 10,000 x g for 10
min and 20 pl supernatant was injected onto HPLC
system (model PU-980 liquid chromatography pump;
Jasco, Japan). DNPH derivative of MDA was separat-
ed on a C18 reversed phase column (Macherey-Nagel
GmbH, Duren, Germany) with a flow rate of 0.7 ml/
min and UV detector (UV-1601 UV-Visible Spectro-
photometer SHIMADZU, Japan)was set at 310 nm.
The mobile phase was consisted of acetonitrile-dis-
tilled water (38: 62; v/v) containing 0.2% (v/v) acetic
acid. MDA peaks were determined according to its
retention time and confirmed by spiking with added
exogenous standard. Concentrations of MDA were
calculated from standard curve prepared from 1,1,3,3
tetramethoxypropane and expressed as pmol/mg pro-
tein for the tissues.

Evaluation of reduced glutathione (GSH) levels in
blood and tissue samples

GSH levels of samples were determined accord-
ing to the Ellman method (Ellman, 1959). For the
collected blood samples from bitches, 360 pl serum
and plasma was mixed 40 pl 10% sulfuric acid then
centrifuged at 10000 rpm for 10 min. The tissues ob-
tained from fetuses were homogenized in 2 ml of 1%
sulfuric acid. Either 300 pl supernatant from blood
samples or tissue homogenates were mixed 1 ml 0.3
M of Na2HPO4.2H20 (BioShop, Burlington, Ontar-
io, Canada) and 0.2 mL of 0.4 mg/mL of 5,5- AQ18
dithiobis-2-nitrobenzoic acid (Sigma Chemical Co,
St Louis, Mo) in 1% sodium citrate. After vortexing,
the absorbance was read at 405 nm. The results were
expressed as micromolar per milligram protein or ml
serum and plasma.

Statistical analysis

The data obtained were analyzed using the Graph-
Pad software, version 6.0 (GraphPad Software, Inc.,
La Jolla, CA) and expressed as the mean + S.E.M.
Statistical analysis was done using the 2-way analysis
of variance test (ANOVA), followed by the post hoc
Tukey’s (aglepristone versus prostaglandin) or Dun-
net’s (versus baseline values) test. Student’s unpaired
t test was used for comparison between the two dif-
ferent treatment groups (e.g. MDA and GSH levels of
fetus tissues). The P values < 0.05 were considered
significant.

RESULTS

The effects of aglepristone and prostaglandin on
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clinic parameters

The confirmation of pregnancy and abort process
were carefully monitored by ultrasonography. Gesta-
tional sacs and fetuses with hearts beats were clearly
detectable before treatments. Vaginal bleeding and
discharge started 10-48 hours after first injection of
aglepristone (mean: 32.8+13.8 hours), whereas be-
ginning of bleeding was recorded between 25-30
hours after first injection of prostaglandin in bitches
(mean: 27.6+2.5 hours). Pregnancy was terminated
by aglepristone ranging from 49 hours to 99 hours
after initiation of treatment in all bitches of group I
(mean: 67.3+£24.2). On the other hand abortion pro-
cess completed 62 and 76 hours after first injection
of prostaglandin in two bitches and after 4 days in
one bitch. The duration between first occurrence of
vaginal discharge to first expulsion of fetuses ranged
between 14-29 hours (mean: 22.6+5.5 h) and 24-33
hours in group I and II, respectively. The mean time-
span between initiation of aglepristone and prosta-
glandin treatments and observation of first aborted
fetus were found 55.5+£15.2 and 55+4.5 hours, respec-
tively. The mean expulsion intervals between fetuses
during abortion process was recorded 50+£6.12 min-
utes (range: 45-60) for group 1. However this interval
was observed between 2.5-3.5 hours in two bitches in
group II.

No gross abnormality was observed in the aborted
fetuses in both groups during necropsy. The mean (£
s.d.) crown rump length of the fetuses were 6.68+1.82
(range:3.5- 8.5cm) and 11.22+3.25 (range:16-8.5 cm)
in groups I and II, respectively. The mean number of
aborted fetuses per bitch was 34+2.12 (range:1-6) for
group | and 4.5+2.12 (range: 3-6) for group II. Ultra-
sound examination showed fetuses with a decreasing
amount of fetal fluid on consecutive examinations. Fe-
tal heart beats were clearly detected although abortion
had started. No dead fetuses were observed during the
examinations until the abortions completed. No se-

rious side effect was observed in bitches in group I,
however uncompleted abortion process in one bitch
and excessive salivation, prostration, vomiting, hy-
perpnoea, and anxiety were reported in all bitches in
group II.

The effects of aglepristone and prostaglandin on
hematologic parameters

Haematological parameters measured for both
groups are shown in Table 1 and no significant differ-
ence was observed between groups. Although the pa-
rameters were within the normal ranges, the percent-
age of eosinophils has tendency an increase during
the process in group I than group II (P>0.05).

The effects of aglepristone and prostaglandin on
blood sedimentation time

Blood samples were collected from each animal
and the erythrocyte sedimentation rate was deter-
mined from the blood samples, which collected be-
fore drug administrations (baseline) and on the day
after abortus. The value of erythrocyte sedimentation
rate was determined 24 hr after the blood collection.
While prostaglandin induced a decrease in sedimen-
tation rate after abortus (t=2.604, df=6, P< 0.05);
conversely aglepristone failed to induce a decrease
(t=0.4789, df=4, P> 0.05) (Fig 1). As shown in Fig
1, significant differences were noted for erythrocyte
sedimentation rate 24 hr after abortus between agle-
pristone and prostaglandin treated animals (t=6.410,
df=5, P<0.01).

The effects of aglepristone and prostaglandin on
MDA and GSH levels of plasma and serum in
bitches

The blood samples were collected from the bitches
which were in mid gestation period and the two treat-
ment protocols were started to be applied just after
first blood collection. The results of MDA and GSH
levels of the first collected blood sample were record-

Table 1: Haematological parameters measured for groups Aglepristone and Prostaglandin

Observation Treatment WBC RBC Hb PCV MCV MCH Neut Lymph Mono Eos
(x10%L) (x10'%/L) (g/l) (%) (fl) (pq) (x10%L)  (x10%L) (x10%L) (x10%L)
Day0 Aglepristone  9.77+£1.49 6.35+0.45 13.48+0.77 44.83+2.29 71.69+4.19 21.434+0.76 70.50+3.66 20.00+2.98 2.83+0.87 6.67+2.32
Prostaglandin 11.4342.63 5.62+0.48 11.17+0.34 45,33+5,24 74.76+5.82 20.47+1.54 82.00+2.08 13.67+1.67 0.67+0.33 4.00£1.15
Dayl Aglepristone 11.65+0.64 6.54+0.27 12.42+0.40 43.58+2.08 66,84+2.87 19.07+0.63 75.00+4.03 17.83+2.77 0.83+0.65 6.17+2.41
Prostaglandin 12.92+0.99 6.47+0.87 11.83+0.90 45.33+5.24 70.73+6.98 18.98+1.42 81.67+1.67 14.67+1.45 1.00+0.58 3.33+0.89
Day? Aglepristone 11.95+0.95 6.72+0.41 14.00+0.76 43.50+1.99 65.29+2.88 20.94+0.84 68.33+4.19 21.50+5.05 1.67+0.21 8.50+1.86
Prostaglandin 12.87+1.41 6.31+£0.56 11.63+0.63 45.00+4.62 71.17+5.37 19.34+0.63 80.33+5.36 15.33£1.76 1.33+0.67 4.00+1.53
Day3 Aglepristone  9.57+0.91 6.68+0.28 13.25+£0.96 41.50+2.05 62.07+1.53 19.74+0.84 69.33+2.09 21.17+1.44 1.67+0.49 7.67+0.95
Prostaglandin 12.53+0.93 5.89+0.52 11.47+0.29 43.33+5.04 67.03£7.01 18.31+1.27 80.33+3.48 15.00+1.73 1.33+0.67 3.67+1.76
Day4 Aglepristone  9.34+1.12 6.61+0.46 12.07+£0.63 40.75+1.79 62.58+3.08 18.43+0.64 68.50+3.98 21.83+3.53 2.00+1.03 7.33£2.12
Prostaglandin 12.53+0.93 5.89+0.52 11.47+0.29 43.33+5.04 67.033+7.01 18.31+1.27 80.33+£3.48 15.00+1.73 1.33+0.67 3.67+1.76
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ed as baseline values. The evaluation of MDA and
GSH levels in blood samples were performed daily.
All animals showed induction of abortus in 5 days;
hence the values were evaluated as before and after
abortus for all animals.

As seen in Figure 2, no significant difference
was found between baseline values for serum MDA
(t=0.8325, df=5, P<0.05; student t test). However,
aglepristone treatments increased significantly the
MDA levels in serum and prostaglandin was able to in-
crease only at 1st day [F (1,5) =25.86, P<0.01; 2-way
ANOVA]. Also, in a fore mentioned evaluations, an
increase in MDA level by prostaglandin was observed,
but this enhancement was limited only day 1.

We next determined the possible effects of aglepri-
stone and prostaglandin on serum GSH levels at dai-
ly time points. Both aglepristone and prostaglandin
did not alter the levels of GSH in serum specimens
[over all 2-way ANOVA; F (1,5)=25.82, P<0.01; Fig
3]. There was only one significant time point which
indicates that aglepristone and prostaglandin reduced
the GSH levels in plasma (day 1; post hoc, P<0.05).
On the other hand, GSH levels obtained from agle-
pristone-treated bitches were significantly lower than
prostaglandin-treated animals (P<0.05).

The effects of aglepristone and prostaglandin on
MDA and GSH levels of tissues obtained from fe-
tuses

Figure 4 and 5 shows the effects of aglepristone
and prostaglandin on MDA and GSH levels in kid-
ney, liver, muscle and heart tissues which obtained
from aborted fetuses. To determine possible different
induction rate of MDA and GSH levels by aglepri-
stone and prostaglandin, we simply evaluated the
MDA or GSH levels of tissues and compared to each
other using student t test. Aglepristone resulted higher
MDA levels in kidney and muscle when compared to
prostaglandin (t=2.405, df=15, P< 0.05 and t=2.155,
df=15, P< 0.05; respectively, Fig 4). Aglepristone
and prostaglandin treatments resulted similar MDA
levels in liver and heart tissues (t=0.2422, df=14, P>
0.05 and t=0.2624, df=14, P> 0.05; respectively, Fig
4). As seen in Figure 5, while the GSH levels in kid-
ney, muscle and heart tissues did not differ between
aglepristone and prostaglandin treatment groups
(t=1.508, df=12, P>0.05; t=0.4290, df=16, P> 0.05
and t=0.9818, df=16, P> 0.05; respectively, Fig 4),
aglepristone resulted reduced GSH levels in liver tis-
sue (t=2.234, df=14, P< 0.05, Fig 5).
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Figure 5: The effects of aglepristone and prostaglandin on GSH
levels of tissues obtained from fetuses

DISCUSSION

Aglepristone and prostaglandin F2a are used as
major abortifacients in dogs and cats (Galac et al.,
2000; Georgiev and Wehrend, 2006; Fontbonne et
al., 2009; Fieni et al., 2001; Baan et al., 2005; Con-
cannon and Hansel, 1997; Romagnoli et al., 1991;
Oettlé, 1982). The mean time table for completion of
abortions and first vaginal bleeding and discharge in
this study are similar with previous observations for
both medical agents (Petterson and Tidholm, 2009;
Corrada et al., 2005). Eosinophils have actually great
role on allergic reactions and inflammation (Gleich,
2000). Eosinophil accumulation in uterus and mam-
mary gland development had been reported during
pregnancy (Gouon-Evans et al., 2000). Besides that,
eosinophils contain lysosomal granules which support
the tissue turnover, and thereby maintain the pregnan-
cy process (Ross and Klebanoff, 1966).

In the present study, although there were no statisti-
cal differences in haemogram parameters, eosinophils
were higher in group I than group II. This may be due
to participating activation of eosinophils on the im-
munoglobulins, cytokines and platelet activating fac-
tors (Gleich et al., 1993). Erythrocyte sedimentation
rate (ESR) is a marker of inflammation which also
belonged to increased free radicals. Physiologically
fibrinogen rises during pregnancy, and thereby sed-
imentation rate is high (Hameed and Wagas, 2006).
Authors indicated that fibrinogen, which is an acute
phase protein, and immunglobulins can promote the
ESR during pregnancy (Lowlier et al., 1977). Inter-
estingly ESR level was higher in aglepristone group
than prostaglandin after abortus (p>0.05). It could
be suggested that fibrinogen production could con-
tinue after abortus due to aglepristone, and organism
could be protect aganist to inflammation. Pregnancy
is a complex process for both animals and women,
including physiological and biochemical changes
for developing fetus and mother (Soma-Pillay et al.

2016). Lipid peroxidation during pregnancy is also
expected to be increased, due to high oxygen demands
for these changes (Vannucchi et al., 2007; Szczubiat
et al., 2015). This study assessed lipid peroxidation
during mid-gestation abortion in dogs, with clinical
and hematological alterations by two treatment proto-
cols. The blood and tissue sampling were performed
only in mothers and their aborted fetuses, brought to
our clinics with a history of unwanted pregnancies.
No control group, without any medicine application,
could be created because of ethical rules. On account
of having no information about lipid peroxidation in
normal pregnancy in this study, the results of MDA
and GSH levels by the use of two important aborti-
facient had been reported. In order to eliminate this
disadvantage, blood samples prior to the treatment
protocol were collected as control samples or base-
line values.

Aborted fetuses were also evaluated for the safe-
ty of drugs, as these two medical agents are being
used for parturition induction. Severe DNA damage
response, generated by uncontrolled reactive oxygen
species (ROS) in cells, is mostly described as the al-
terations in the cellular redox state during hypoxia or
oxidative stress. High lipid peroxidation rates deter-
mined by MDA, cause irreversible tissue damages
in organs (Acaroz et al., 2019; Jackson et al., 1998).
Reduced glutathione (GSH) and malondialdehyde
(MDA) levels have been evaluated as markers for de-
tecting severity of oxidative stress in this study. Both
aglepristone and prostaglandin treatments increased
MDA concentrations in dogs. However, high MDA
and low GSH levels were found significantly different
in aglepristone-treated dogs than prostaglandin-treat-
ed ones. Similar results had been also reported in
mid-gestation termination in rabbits after aglepristone
application (Vatan et al., 2015). High levels of MDA
had also been detected during spontaneous abortion
in women, which are in accordance with our results
(Yusrawati et al., 2017). Not only lipid peroxidation
marker levels but also comet assay of bone marrow
cells had been indicated that aglepristone could in-
crease DNA damage. As no publication about lipid
peroxidation process after medicine dependent abor-
tions exists, the measured values were compared with
investigations conducted on spontaneous abortion in
women. Placental or trophoblast oxidative stress has
been suggested as an important factor in pregnancy
loss. The suggested mechanism that is possibly in ac-
cordance with our results, high MDA and low GSH
levels are associated with PGF2a stimulation. Corpus
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luteum is the only source to produce progesterone and
this steroid hormone is strong paracrine and/or auto-
crine regulator of CL function in the dog (Papa and
Hoffmann, 2011).

Both abortifacients are altering progesterone lev-
els during abortion and withdrawal of progesterone
stimulates strongly PGF2a biosynthetic pathway by
increasement of PGF metabolites (Kowalewski et al.,
2009). In the light of this information, altered ste-
roid hormone production by prostaglandin treatment
could possibly trigger oxidative stress and the disrup-
tion of PGE2-PGF2a network could be the reason of
abnormal MDA and GSH levels. On the other hand,
aglepristone has been thought not only blocked pro-
gesterone mechanism via receptors, but also induct-
ed oxidative stress in dogs. This important outcome
could be based on our previous study, of which in-
crease of oxidative stress and DNA damage on bone
marrow in rabbits were reported (Vatan et al., 2015).
Other important findings in this study were, MDA and
GSH levels, measured in fetal heart, muscle, kidney
and liver. Since the increase of lipid peroxidation due
to prostaglandin release is determined, high produc-
tion of MDA and protein carbonyls is a natural ex-
pectation during parturition both in mother and fetal
circulation (Mongelli et al., 1997; Mehmetoglu et al.,
2002; Rogers et al., 1999; Cindriva - Davies et al.,
2007). Both abortifacients had been observed to be
changed lipid peroxidation in fetal vital organs, how-
ever it was not known whether there was an increased
oxidative stress exposure in fetuses.

Another important finding could be the increase
of MDA levels in blood samples, indicating a marker
for fetal suffering. This marker could be useful during
control pregnancy in the dam and it could occur be-
fore the signs of decreasing heart rate of fetuses.
Prostaglandin and antiprogestational agents are be-
ing widely used for not only termination of unwant-
ed pregnancy, but also parturition induction in dogs
(Fontbonne et al., 2009; Fieni et al., 2001; Baan et al.,
2005). The risk of free-radical mediated diseases in
babies has been reported, related with elevated levels
of oxidative stress biomarkers. The detection of the
high levels of oxidative parameters could provide the
recognization of pathways of neonatal/perinatal dis-
eases (Perrone et al., 2019).

CONCLUSION

If these abortifacients could cause increased ox-
idative stress in vital organs, parturition induction
should be reevaluated because of possible toxic ef-
fects in newborns. However further studies are need-
ed to confirm these findings and potential risk factors.

ACKNOWLEDGEMENT

We gratefully acknowledge Dr. Deniz Bagdas,
from Department of Psychiatry Yale Tobacco Cen-
ter of Regulatory Science, Yale University, USA for
technical support with measurements and statistical
evaluation

CONFLICT OF INTEREST
None declared by the authors.

REFERENCES

Acaroz U, Ince S, Arslan-Acaroz D, Gurler Z, Kucukkurt I, Demirel HH,
Ozancan Arslan H, Varol N, Zhu K (2018) The ameliorative effects
of boron against acrylamide-induced oxidative stress, inflammatory
response, and metabolic changes in rats. Food and Chemical Toxi-
cology 118: 745-52.

Arslan HO, Herrera C, Malama E, Siuda M, Leiding C, Bollwein H
(2019) Effect of the addition of different catalase concentrations to
a TRIS-egg yolk extender on quality and in vitro fertilization rate of
frozen-thawed bull sperm. Cryobiology. 91:40-52.

Athar M, Abdulla H, Sultana S, Favier A, Pero R (1993) Free radicals and
trace elements. J Trace Elem Exp Med 6:65-73.

Baan M, Taverne MA, Kooistra HS, De Gier J, Dieleman SJ, Okkens AC
(2005) Induction of parturition in the bitch with the progesterone re-
ceptor blocker aglépristone. Theriogenology 63: 1958-72.

Casanueva E, Viteri FE (2003) Iron and oxidative stress in pregnancy.
Journal of Nutrition 133: 1700-8.

Cetin Y, Macun HC, Beceriklisoy HB, Schéfer-Somi S, Aslan S (2000)
Intravaginal application of misoprostol improves pregnancy termina-
tion with cabergoline and alfaprostol in dogs. Berl Munch Tierarztl
Wochensch 123: 236-42.

Cindriva - Davies T, Yung HW, Johns J, Spatic-Boskovic O, Korolchuk S,
Jauniaux E, Burton GJ, Charnock-Jones DS (2007) Oxidative stress,

gene expression, and protein changes induced in the human placenta
during labor. Am J Pathol 171: 1168-79.

Concannon PW, Hansel W (1997) Prostaglandin F2alpha induced lute-
olysis, hypothermia, and abortions in beagle bitches. Prostaglandins
13:533-42.

Corrada Y, Garcia P, De La Sota PE, Huzman M, Landoni MF, Gobello
C (2005) Decrease of body temperature after aglepristone in bitches.
Anim Reprod Sci 87: 295-99.

Corrada Y, Rodriguez R, Tortora M, Arias D, Gobello C (2006) A com-
bination of oral cabergoline and double cloprostenol injections to
produce third-quarter gestation termination in the bitch. J Am Anim
Hosp Assoc 42:366-70.

Ellman GL (1959) Tissue sulthydryl groups. Arch Biochem Biophys 82:
70-7.

Feldman EC, Davidson AP, Nelson RW, Nyland TG, Munro C (1993)
Prostaglandin induction of abortion in pregnant bitches after misal-
liance. J Am Vet Med Assoc 202: 1855-58.

Fieni F, Marnet PG, Martal J, Siliart B, Touzeau N, Bruyas JF, Tainturier
D. Comparison of two protocols with a progesterone antagonist agle-
pristone (RU534) to induce parturition in bitches (2001) J Reprod
Fertil Suppl 57: 237-42.

Fontbonne A, Fontaine E, Lévy X, Bachellerie R, Bernex F, Atam-Kas-

JHELLENIC VET MED SOC 2022, 73(2)
TIEKE 2022, 73(2)



4048

G.R.OZALP, Z. GUL, N. SEYIDOGLU, L. BUYUKUYSAL

sigadou S, Guffroy M, Leblond E, Briant E (2009) Induction of par-
turition with aglepristone in various sized bitches of different breeds.
Reprod Domest Anim 44: 170-73.

Forman HJ, Zhang H, Rinna A (2009). Glutathione: overview of its pro-
tective roles, measurement, and biosynthesis. Mol Aspects Medi-
cine 30: 1-12.

Galac S, Kooistra HS, Butinar J, Bevers MM, Dieleman SJ, Voorhout G,
Okkens AC (2000) Termination of mid-gestation pregnancy in bitch-
es with aglepristone, a progesterone receptor antagonist. Theriog-
enology 53:941-50.

Georgiev P, Wehrend A (2006) Mid-gestation pregnancy termination by
the progesterone antagonist aglepristone in queens. Theriogenology
65: 1401-06.

Gleich GJ (2000) Mechanisms of eosinophil-associated inflammation. J
Allergy Clin Immunol 105:651-63.

Gleich GJ, Adolphson CR, Leiferman KM (1993) The biology of the eo-
sinophilic leukocyte. Annu Rev Med 44: 85-101.

Gobello C, Castex G, Corrada Y, Klima L, De La Sota RL, Rodriguez R
(2002) Use of prostaglandins and bromocriptine mesylate for preg-
nancy termination in bitches. ] Am Vet Med Assoc 220: 1017-19.

Gouon-Evans V, Rothenberg ME, Pollard JW (2000) Postnatal mammary
gland development requires macrophages and eosinophils. Develop-
ment 127: 2269-82.

Halliwell B (1997) Antioxidants and human disease. A general introduc-
tion. Nutr Rev 55: 49-52.

Hameed MA, Wagqas S (2006) Physiological basis and clinical utility of
erythrocyte sedimentation rate. Pak J Med Sci 22: 214-18.

Harma M, Harma M, Kocyigit A (2004) Comparison of protein carbonyl
and total plasma thiol concentrations in patients with complete hy-
datidiform mole with those in healthy pregnant women. Acta Obste-
tricia et Gynecologica Scandinavica 83: 857-60.

Hayden RE, Paniello RC, Yeung CS, Bello SL, Dawson SM (1987) The
effect of glutathione and vitamins A, C, and E on acute skin flap sur-
vival. Laryngoscope 97: 1176-79.

Hori T, Akikawa T, Kawakami E, Tsutsui T (2002) Fenprostalene-induced
abortion in bitches. J Vet Med Sci 64:993-98.

Issa AM, Hassan BG, Gatea AK (2012) Relationship of Nitric Oxide and
Malondialdehyde to Miscarriage. Medical Journal of Babylon 9: 777-
85.

Jackson AL, Chen R, Loeb LA (1998) Induction of microsatellite instabil-
ity by oxidative DNA damage. Proc Natl Acad Sci 12468-473.

Jain NC (1986) Schalm’s Veterinary heamatology. Lea and Febiger: Phil-
adelphia; USA.

Kaya D, Kiigiikaslan I, Agaoglu AR, Ay SS, Schifer-Somi S, Emre B, Bal
Y, Einspanier A,Giircan IS, Giiltiken N, Aslan S (2014) The effects of
aglepristone alone and in combination with cloprostenol on hormonal
values during termination of mid-term pregnancy in bitches. Anim
Reprod Sci 146:210-17.

Khan S, Khan S, Khan MM, Alam R, Khan A (2019) Estimation of the
status of MDA levels and SOD activity in pregnant women. Biochem
Cell Arch 19: 169-81.

Kolusar1 A, Kurdoglu M, Yildizhan R, Adali E, Edirne T, Cebi A, Demir
H, Yoriik IH (2008) Catalase activity, serum trace element and heavy
metal concentrations, and vitamin A, D and E levels in pre-eclampsia.
J Int Med Res 36: 1335 - 41.

Konuk T (1981) Pratik Fizyoloji. Ankara Universitesi Veteriner Fakiiltesi
Yaymlart: Ankara Universitesi Basimevi; Ankara.

Kowalewski MP, Beceriklisoy HB, Pfarrer C, Aslan S, Kindahl H,
Kiigiikarslan I, Hoffmann B (2009) Canine Placenta: A source of
prepartal prostaglandins during normal and antiprogestin-induced
parturition. Reproduction 139: 655-64.

Krieger TR, Loch-Caruso R (2001) Antioxidants prevent gamma- hexa-
chlorocyclohexane-induced inhibition of rat myometrial gap junc-
tions and contractions. Biol Reprod 64: 537-47.

Lewis SM (1980) Erythrocyte sedimentation rate and plasma viscosity.
Association of Clinical Pathologists Broadsheet 94: 1-7.

Liu AX, He WH, Yin LJ, Lv PP, Zhang Y, Sheng JZ, Leung PCK, Huang
HF (2011) Sustained endoplasmic reticulum stress as a cofactor of
oxidative stress in decidual cells from patients with early pregnancy
loss. J Clin Endocrinol Metab 96:493-97.

Luvoni GC, Grioni A (2000) Determination of gestational age in medium
and small size bitches using ultrasonographic fetal measurements.

Journal of Small Animal Practice 41: 292-94.

Lowlier EA, Sovereign JHM, Helleman PW (1977) Het mechanisme van
de bezinkingssnelheid van erythrocyten. Ned T Geneeskunde 121:
713-18.

Mehmetoglu I, Kart A, Caglayan O, Capar M, Gokce R (2002) Oxidative
stress mothers and their newborns in different types of labour. Turk J
Med Sci 32: 427-29.

Mongelli M, Wang CC, Wang W (1997) Oxygen free radical activity in
the second stage of labour. Acta Obstet Gynecol Scand 76: 765-68.

Oettlé EE (1982) Clinical experience with prostaglandin F2 alpha THAM
as a luteolytic agent in pregnant and non-pregnant bitches. J S Afr Vet
Assoc 53:239-42.

Onclin K, Silva LDM, Verstegen JP (1995) Termination of unwanted
pregnancy in dogs with the dopamine agonist, cabergoline, combi-
nation with a synthetic analog of PGF, , either cloprostenol or alpha-
prostol. Theriogenology 43: 813-22.

Onclin K, Verstegen JP (1996) Practical use of a combinatton of a do-
pamine agonist and a synthetic prostaglandin analogue to terminate
unwanted pregnancy in dogs. J Small Anim Prac 37:211-16.

Onclin K, Verstegen JP (1999) Comparisons of different combinations of
analogues of PGF2 o and dopamine agonists for the termination of
pregnancy in dogs. Vet Rec 144: 416-19.

Papa PC, Hoffmann B (2011) The corpus luteum of the dog: Source and
target of steroid hormones? Reprod Dom Anim 46: 750-56.

Perrone S, Laschi E, Buonocore G (2019) Biomarkers of oxidative stress
in the fetus and in the newborn. Free Radic Biol Med 142: 23-31.
Petterson CH, Tidholm A (2009) Safety and efficacy of mid-term preg-
nancy termination using aglepristone in dogs. J Small Anim Pract 50:

120-23.

Pilz J, Meineke I, Gleiter CH (2000) Measurement of free and bound
malondialdehyde in plasma by high-performance liquid chromatog-
raphy as the 2,4-dinitrophenylhydrazine derivative. J Chromatogr B
Biomed Sci Appl 742: 315-25.

Romagnoli SE, Cela M, Camillo F (1991) Use of prostaglandin F2 a for
early pregnancy termination in the mismated bitch. Vet Clin North
Am Small Anim Pract 21: 487-99.

Ross R, Klebanoff SJ (1966) The eosinophilic leukocyte. Fine structure
studies of changes in the uterus during the estrous cycle. J Exp Med
124: 653-60.

Rogers MS, Mongelli M, Tsang KH, Wang CC (1999) Fetal and maternal
levels of lipid peroxides in term pregnancies. Acta Obstet Gynecol
Scand 78: 120-24.

Shille VM, Dorsey D, Thatcher MJ (1984) Induction of abortion in the
bitch with a synthetic prostaglandin analog. Am J Vet Res 45:1295-
98.

Soma-Pillay P, Nelson-Piercy C, Tolppanen H, Mebazaa A (2016) Physio-
logical changes in pregnancy. Cardiovasc J Afr 27: 89-94.

Szczubiat M, Kankofer M, Dabrowski R, Bochniarz M, Urban-Chmiel
R (2015) Assessment of lipid and protein peroxidation markers in
non-pregnant and pregnant female dogs. Polish Journal of Veterinary
Sciences 18: 171-79.

Turgut G, Enli Y, Kaptanoglu B, Turgut S, Geng O (2006) Changes in the
levels of MDA and GSH in mice serum, liver and spleen after alumi-
num administration. Eastern Journal of Medicine 11: 7-12.

Van Bladeren PJ (2000) Glutathione conjugation as a bioactivation reac-
tion. Chem Biol Interact 129:61-76.

Vannucchi CI, Jordao AA, Vannucchi H (2007) Antioxidant compounds
and oxidative stress in female dogs during pregnancy. Research in
Veterinary Science 83: 188-93.

Vatan O, Bagdas D, Cinkili¢ N, Wehrend A, Ozalp GR (2015) Genotoxic
and cytotoxic effects of the aglepristone, a progesteron antagonist, in
mid-gestation pregnancy termination in rabbits. Kafkas Univ Vet Fak
Derg 21: 241-46.

Yusrawati, Pebrina M, Herman RB (2017) Differences in Malondialdehy-
de and Catalase Activity Levels Between Abortion and Normal Preg-
nancy. J Med Sci 17: 22-5.

Wanke M, Loza ME, Monachesi N, Concannon P (1997) Clinical use of
dexamethasone for termination of unwanted pregnancy in dogs. J Re-
prod Fertil Suppl 51: 233-38.

Zone M, Wanke M, Rebuelto M, Loza M, Mestre J, Duchene A, Concan-
non P (1995) Termination of pregnancy in dogs by oral administration
of dexamethasone. Theriogenology 43: 487-94.

JHELLENIC VET MED SOC 2022, 73(2)
TIEKE 2022, 73(2)


http://www.tcpdf.org

