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Objective: To investigate the changes in proﬁle of the oxidant and antioxidant indicators
throughout pregnancy in goats.
Methods: Estrus in goats was synchronized using an intravaginal progestogen impregnated sponge and the buck was introduced in the herd during the experiment for breeding
purpose. Serum nitric oxide (NO) as standard angiogenic marker, total antioxidant capacity (TAC) as a cryoprotectant indicator, total peroxide (TPX) as a pathogenetic
effector were measured, followed by calculation of OSI% (TPX/TAC) × 100 as a reﬂector
of the oxidant/antioxidant status, and malondialdehyde were estimated.
Results: Compared with values in singleton and twins bearing goats, TAC values in
multiple bearing goats were higher in 4th month and lower in 5th month (P < 0.05).
Values of TPX were lower in multiple bearing goats in 4th month and higher in 5th
month (P < 0.05) when compared with singleton and twins bearing goats. In contrary,
NO values started to increase from the 2nd month until 4th month of gestation in all
pregnant goats. However, the NO was lower in 5th month (P < 0.05) in multiple bearing
goats. Values of NO were negatively correlated with OSI% in all bearing goats.
Conclusion: Knowing the relationship between the fetal number and oxidative stress
indicators could be useful in the clinical management of such pregnancies and could be
useful in the early detection or prediction adverse pregnancy outcome. Particularly, the
4th and 5th month of gestation increases the liability to reactive oxygen species in goats.
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1. Introduction
Reactive oxygen species (ROS) are normal products of aerobic metabolism that are called free radicals [1]. Oxidative stress
occurs due to an imbalance between the ROS and the antioxidant
level [2]. Pregnancy is a physiological period during which
different metabolic pathways are altered, resulting in greater
oxygen consumption, modiﬁcation of energy substrates
consumption, and high metabolic placental demands, with
consequent increasing ROS and increasing oxidative stress
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[3,4].

Moreover, carrying multiple fetuses in ewes and does is
implicated as a major risk factor in pregnancy toxemia that is
strongly associated with the oxidative stress [5]. Oxidative
stress resulted in macromolecule damage including lipid
peroxidation, protein crosslinking, DNA damage, and changes
in the growth and function of cells [6]. Control mechanisms of
oxidative damage during caprine gestation offer great
opportunity for antioxidants supply to developing fetuses, in
preparation for extrauterine life, giving them a major shield
against free radicals loaded environments. One expanding area
of research not well elucidated to date is oxidant/antioxidant
status during gestational stages in different animal species.
Although there is extensive data for humans, no reports about
the mechanisms of protection during pregnancy are available
to date for the caprine species. Some studies have reported
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increased oxidative stress and altered status of antioxidant
enzymes in speciﬁc situations, such as copper-ascorbate
induced toxic injury [7] and intravaginal sponge application [8].
As a result of limited availability of speciﬁc oxidative stress
biomarkers [9], measurement of oxidative stress index (OSI)
which estimated from ratio of total peroxide (total peroxide
(TPX); pathogenetic effector) to total antioxidant capacity
(total antioxidant capacity (TAC); cytoprotectant indicator) is a
widely used a reﬂector of the whole oxidant/antioxidant
landmarks [7,10].
During pregnancy, nitric oxide (NO) is an important regulator of blood ﬂow contributing to maternal systemic vasodilatation (potent vasodilator agent), regulates uterine and fetoplacental blood ﬂow [11]. Furthermore, it is an endothelial
survival factor, inhibiting apoptosis and enhancing endothelial
cell proliferation [12], hence, it is considered as a gold standard
vasodilator and angiogenic marker.
In the view of these considerations, the objective of the
current study was to investigate the changes in proﬁle of
oxidative stress indicators in single, twins and multiple bearing
does.

contact gel prior to insertion of the transducer; the probe was
positioned perpendicularly to the abdominal wall and the
bladder was identiﬁed to orientate the visualization of the uterine
horns. The transducer was rotated 90 clockwise and 180
anticlockwise in order to orient and image the entire reproductive tract. A total of 44 does were pregnant (singleton bearing
goats, n = 12; twins bearing goats n = 14; multiple bearing goats,
n = 18). The numbers of foeti were conﬁrmed after parturition
and the aborted foeti were excluded from counting in this study.

2. Materials and methods

Serum TAC was evaluated according to protocol given by
Koracevic et al. [13]. Brieﬂy, 0.02 mL of distilled water was
added in blank tube to 0.5 mL of R1 (H2O2 diluted 1 000
times before use), whereas 0.02 mL of sample was added in
sample tube. Then, the tubes were mixed and incubated
10 min at 37  C. Working reagent was prepared by mixing
equal volumes of R2 (chromogen) and R3 (enzyme and buffer)
immediately before use, and then 0.5 mL of the working
reagent was added to both of blank and sample tubes. All
tubes were mixed and incubated 5 min at 37  C. The
absorbance of blank (ABlank) and sample (ASample) were read
immediately against distilled water at 505 nm. TAC levels in
the samples were calculated based on the following equation:

2.1. Animals
Adult female goats (n = 50; aged as 1.5–2.5 years; weighting
20–25 kg) were selected from the lot maintained at Mallawi
Animal Production Research Station, El-Minia, Egypt (latitude
28 070 N and 30 330 E) during Autumn. Saidi goats are a local
Egyptian breed found in the southern part of the country. The
animals were kept mainly for meat production. Goats were
maintained graze on in pens during all the day. Water and a
mineral supplement were available ad libitum. The management
of the goats did not change throughout the experimental period.
Estrus in goats was synchronized using an intravaginal progestogen impregnated sponge (40 mg ﬂuorogestone acetate, GFA,
Chronogest®, Intervet, International, Boxmeer, Netherland) for
5 d, and were injected with 2.5 mg of dinoprost (Lutalyse, Pﬁzer
manufacturing, Purts, Belgium) at the time of sponge insertion.
At the time of sponge removal, 10.5 mg buserelin acetate
(GnRH, Receptal, Intervet) i.m. were injected. Goats were
considered to be in estrus only if they stood while being
mounted by the bucks. Bucks were introduced in the herd during
the experiment for breeding purpose. Mating was scheduled
every 4 h until does refuse to be mounted by bucks. The mated
goats were recorded and kept under close observation until
parturition.

2.2. Pregnancy diagnosis and ultrasound scanning
Ultrasound scanning was performed by the same operator
between 09.00 a.m. and 01.00 p.m. using an ultrasound scanner
(Mylab30, Piemedical, Netherlands), equipped with a 6–8 MHz
endorectal linear probe (Lv513). On day 30 after insemination,
the does were checked for pregnancy using the B-mode transrectal ultrasonography method. The transrectal ultrasonography
was performed every 30 d during the overage of the pregnancy.
Each doe was restrained in a standing position and the
abdominal wall was compressed to facilitate the visualization of
the uterus. The rectum was lubricated using hydrosoluble

2.3. Blood sample collection
Blood samples were collected via jugular venipuncture every
month just after each ultrasound scanning. Whole blood was
drawn into vacutainer tube containing no anticoagulant. Then, it
was incubated in an upright position at room temperature for
30 min to clot before spinning and separating, and centrifuged
for 10 min at 1 000 g. Supernatant (serum) was aspirated at RT
and pool into a cryovials and stored at −80  C until use.

2.4. TAC assay

Serum TAC level (mM/L) = ABlank − ASample × 3.33

2.5. TPX assay
Serum TPX was assessed following Harma et al. [14]. Brieﬂy,
50 mL serum was added to 450 mL the reagent and blank reagent
in separate Eppindorff's tubes (T8911, Eppendorf® Safe-Lock
microcentrifuge tubes, volume 0.5 mL Sigma, St. Louis, MO,
USA), mixed well and incubated at room temperature for
30 min, centrifuged at 5 000 g for 3 min, and 250 mL of the
supernatant was transferred into wells of 96-well microplate and
optical density of the formed purple chromophore was recorded
at 560 nm against reagent blank-treated samples. Standards were
treated similarly without a blank reagent treatment. Concentration of TP in samples was calculated from the standard curve
constructed using standard concentrations and readings after
subtracting the reagent blank readings for samples.

2.6. OSI calculation
It considered as reﬂector of the oxidant/antioxidant status. It
is the percent ratio of TPX content to TAC concentration [14],
and measured according to the following equation:
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Serum OSI = TPX (mM/L)/TAC (mM/L) × 100

2.7. NO assay
Serum NO was measured according to Montgomery and
Dymock [15]. Brieﬂy, 0.1 mL of serum and 1 mL of R2 were
added into both of sample and sample blank tubes; while, 0.1
of reagent 1 R1 and 1 ml of R2 were pipetted into tubes
labeled as standard and standard blank. All the tubes were
mixed and allowed to stand for 5 min, followed by addition of
0.1 mL of R3 into sample and standard tubes. After well
mixing, all the tubes were allowed to stand for another 5 min.
Then absorbance of sample (ASample) against sample blank,
and of standard (AStandard) against standard blank were read at
540 nm, and the value of NO was obtained using the
following equation:
Serum NO level ðmmol=LÞ =

ASample
× 50
AStandard

2.8. Malondialdehyde (MDA) assay
Serum MDA was measured according to Ohkawa et al. [16]
procedure. Brieﬂy, 1 mL of chromogen was pipetted into
tubes labeled as sample, standard, and blank. Then, 0.2 mL of
sample and standard were added to the corresponding tubes.
All the tubes were mixed, covered with screw cap, and then
heated in boiling water bath for 30 min. After cooling the
mixture, 0.2 mL of sample was added to blank tube and

mixed well. The absorbance of the resultant pink product
against blank, and standard against distilled water were read at
534 nm, and the MDA concentrations in the samples were
recorded depending on the following equation:
Serum MDA level ðnmol=mlÞ =

ASample
× 10
AStandard

2.9. Statistical analysis
Plasma levels of TAC, TPX and NO were analyzed by
repeated measure with time using analysis of variance
(ANOVA) to determine main effects of group or group by
month. When main effect of group or group by month was
observed, the differences of group means at speciﬁc time point
were analyzed by the Student's t-test using JMP statistical
software (version 5.1; SAS Institute, Cary, NC, USA). Graphpad
Prism v5 software (Graphpad Software, Inc., San Diego, CA)
was used to draw the ﬁgures. The differences were signiﬁcant at
P < 0.05. The data were expressed as mean ± SD.
All experiments were carried out in accordance with the
guidelines for the care and use of the animals approved by
Veterinary Teaching Hospital's Animal Care Committee, Assiut
University.

3. Results
The results of TAC, TPX, NO, MDA and OSI mean values
were delineated in Figure 1. From ﬁrst to ﬁfth month, results

Figure 1. TAC, TP, OSI (total peroxide/total antioxidant capacity × 100), NO and MDA in singleton, twins and multiple bearing goats.
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showed that there was a difference between groups (P < 0.001)
and group by month (P < 0.001). In singleton bearing goats, the
TAC values were similar (P > 0.05) throughout the pregnancy.
Similarly, in twins bearing goats, there was no difference
(P > 0.05) in the TAC values. However, in multiple bearing
goats, TAC values were higher (P < 0.05) during the 3rd and 4th
months of pregnancy. Compared with values in singleton and
twins bearing goats, the mean TAC values in multiple bearing
goats were higher in 4th month and lower in 5th month
(P < 0.05).
Serums TPX mean values decreased throughout gestation in
all pregnancies, with the exception of 5th month. Values of TPX
were lower in multiple bearing goats in 4th month and higher in
5th month (P < 0.05) when compared with singleton and twins
bearing goats. In contrary, mean NO values started to increase
from the 2nd month and continued until 4th month of gestation
in singleton, twins and multiple bearing goats. However, the NO
values were lower during the 5th month (P < 0.05) in multiple
bearing goats.
Mean values of OSI% decreased starting from 2nd month of
gestation in all groups, with the exception of 5th month in
multiple bearing goats, whereas, mean values of OSI% were
higher in 5th month (P < 0.05) compared with singleton.
Values of NO was negatively correlated with OSI% in
singleton, twins and multiple bearing goats (NO versus OSI% in
singleton, r = −0.65, P < 0.000 1; NO versus OSI% in twins,
r = −0.72, P < 0.000 1 and NO versus OSI% in multiple,
r = −0.87, P < 0.000 1).
In singleton bearing goats, serum MDA level was increased
(P < 0.05) during pregnancy starting from 2nd month of pregnancy. In twins bearing goats, the MDA level was similar
(P > 0.05) during the 1st, 2nd, 3rd and 4th months of pregnancy,
however, MDA level was higher (P < 0.05) during the 5th
month. In multiple bearing goats, there was no difference
(P > 0.05) during the ﬁrst three months of pregnancy, however,
it was higher (P < 0.05) during the 4th and 5th months of
pregnancy. Additionally, there was no difference (P > 0.05) in
MDA levels between three pregnant groups during the 1st month
of pregnancy. Additionally, serum MDA level in pregnant goats
bearing twins and multiple was higher (P < 0.05) than that found
in pregnant goats bearing singleton during the 2nd, 4th and 5th
months of pregnancy. However, the MDA level was similar
(P > 0.05) in both pregnant goats bearing singleton and twins
during the 3rd month of pregnancy.

4. Discussion
Placenta throughout pregnancy is a site of active oxygen
metabolism that continuously generates oxidative stress.
Oxidative stress are associated with adverse pregnancy outcomes including abortion, poor birth and restriction of fetal
growth [3,4]. An arguable data has been available on the
oxidative and antioxidative status during normal pregnancy. In
the current study, absence of signiﬁcant changes in serum
TPX levels in goats carry singleton against those carrying
twins along the whole length of gestation are in harmony with
the ﬁndings in Akkaraman [17] and Chios ewes [18], but
inconsistent with those in Awassi ewes [8]. However, a
signiﬁcant difference was found in multiple bearing goats
when compared to the other two groups. This inconsistency in
the results may be attributing to differences in breed or types
of samples.
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Signiﬁcant reduction in serum TAC levels in the 5th month
of pregnancy with multiple versus singleton and twins nearing
goats is corresponding to reduced activity of enzymatic antioxidants in ewes bearing multiple fetuses and those suffer from
pregnancy toxemia [19,20]. It is possible that increased ROS
generation caused by hyperketonemia and hypoglycemia in
pregnancy with multiple fetuses [19,21] consumed antioxidants
resulting in a dramatic reduction in their levels.
Calculated from ratio of TPX to TAC, OSI is a promising
comparative index representing the interaction between the
radical generating factors and their counter-players, and was
signiﬁcantly higher in does carrying multiple versus than those
carrying singleton in the last month of gestation. This ﬁnding is
due to marked decrement in TAC pre-partum and revealing a
greater chance of peroxidative injury in pregnant does with
multiple fetuses.
Signiﬁcant reduction in serum NO levels in the last month of
prepartum is incompatible with elevation of its levels and metabolites in pregnancies with multiple versus singleton fetuses in
one study [22] exemplifying a compensatory mechanism
maintaining blood ﬂow and fetal nutrient supply. However,
the observed drop in NO in the current investigation can be
explained by exhaustion of its level under devastating impact
of oxidative stress, which illustrated by increased OSI in the
last month of pregnancy in multiple fetuses opposed to single
ones.
Serum OSI levels and NO were negatively correlated in
pregnant does carrying single and multiple fetuses. In fact,
oxidative stress decreased NO released by shunting it toward
scavenging free radicals [23]. Lipid peroxidation are implicated
in the development of pregnancy toxemia in ewes [19] with
generation of free radicals especially superoxide anions which
inhibit endothelial nitric oxide synthase protein expression
[24,25], reacts with NO to form peroxynitrite [26] which in turn
oxidizes the NOS cofactor tetrahydrobiopterin [27], and
reduces cellular transport of L-arginine, the endothelial nitric
oxide synthase substrate for NO production [28].
Negative correlation was found between serum OSI and
blood ﬂow volume in placentomes and was similar to ability of
suramin, as an inducer of OS-derived placental dysfunction, to
restrict maternal placental blood volume and increase interface
between maternal and fetal circulation [29].
Positive correlation between serum NO levels on one side,
and the time-averaged maximum velocity, and the blood ﬂow
volume on the other side in placentomes (data not shown her) is
matched with a well-known key role of NO in attenuation of
vascular reactivity of the uterine artery to vasoconstrictors during the course of pregnancy [30], and its ability to contributes to
low systemic, umbilical, and uterine vascular resistance in the
fetus [31]. These facts were conﬁrmed by the observed
negative correlation between NO production and placental
vascular resistance with consequent compromised fetoplacental and fetal systemic circulation [32].
Öztabak et al. [18] have been reported that, in Chios ewes,
lipid peroxidation level during 4th and 5th months of
pregnancy is not different from non-pregnant control. Similarly, Erisir et al. [8] have reported that no signiﬁcant difference
is observed between early and late pregnancy in Awassi ewes
compared with non-pregnant ewes in MDA level. Gür et al.
[17] have reported that the MDA levels in ewes bearing twins
were found higher than in both non-pregnant and pregnant
with a singleton, and the increased MDA level in twins bearing
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Table 1
Mean (±SD) total antioxidant capacity (TAC), total peroxide (TPX), OSI (total peroxide/total antioxidant capacity) × 100, nitric oxide (NO) and
malondialdehyde (MDA) in singleton, twins and multiple bearing goats.
Gestation age (month)
1st

2nd

3rd

4th

5th

a–c

No. of fetuses
Singleton
Twins
Multiple
Singleton
Twins
Multiple
Singleton
Twins
Multiple
Singleton
Twins
Multiple
Singleton
Twins
Multiple

TAC (mM/mg)
0.41
0.47
0.59
0.37
0.36
0.37
0.50
0.52
0.61
0.47
0.55
0.73
0.47
0.43
0.35

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

a

0.09
0.01ab
0.08b
0.01
0.06
0.08
0.08
0.05
0.08
0.08a
0.08a
0.04b
0.01a
4.12a
0.02b

TPX (mM/mg)
4.11
3.57
2.71
3.85
3.67
3.64
3.36
3.35
3.04
2.88
2.95
2.59
3.22
3.43
4.09

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

a

0.74
0.66ab
0.86b
0.24
0.23
0.85
0.83
0.30
0.80
0.27a
0.18a
0.05b
0.08a
0.38a
0.05b

NO (mM/mg)

OSI%
a

10.03 ± 0.81
7.87 ± 2.82ab
4.56 ± 0.44b
10.35 ± 0.45a
10.38 ± 2.48a
9.70 ± 0.16b
6.66 ± 0.22a
6.49 ± 1.29ab
4.94 ± 0.43b
5.90 ± 0.34a
5.48 ± 1.22ab
3.42 ± 0.06b
6.75 ± 0.51a
8.65 ± 3.76ab
11.37 ± 0.85b

15.06
17.02
22.07
15.87
15.38
14.37
18.11
16.68
18.29
23.59
19.55
22.02
17.59
16.92
14.70

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

a

0.95
3.71a
0.90b
0.90
1.66
1.72
0.71
1.61
0.80
0.22a
1.26b
0.05ab
0.08a
1.46a
0.12b

MDA (nmol/mg)
1.16
0.95
1.21
0.66
1.12
1.18
0.91
1.10
1.26
0.94
1.41
1.76
1.15
1.96
2.79

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

0.17
0.34
0.08
0.08a
0.27b
0.03b
0.01a
0.26ab
0.13b
0.06a
0.11b
0.08c
0.04a
0.12b
0.15c

Within a column, means without a common superscript differed (P < 0.05).

ewes may be attributed to an increased oxygen requirement
and increased circulating lipids. Our ﬁnding showed that there
was no signiﬁcant difference in MDA levels between three
pregnant groups during the 1st month of pregnancy, however,
the MDA level in pregnant goats bearing twins and multiple
was signiﬁcantly higher than that found in pregnant goats
bearing singleton during the 2nd, 4th and 5th months of
pregnancy.
Taking together, pregnant does bearing multiple fetuses
suffered from oxidative stress burden as evident by reduction in
TAC and elevation in OSI at the last month prepartum accompanied with marked decrement in NO levels at the last two
months of gestation versus those bearing singletons. Dietary
antioxidant supply in case of pregnancy with multiple fetuses is
strongly warranted especially in the last month before parturition
to avoid diminished vascular reactivity with detrimental consequences on fetal growth status.
In conclusion, the present study shows that the pregnancy
with multiple fetuses in goats causes an increase in ROS and
oxidative stress by increasing serum lipid peroxidation levels.
Strikingly, the 4th and 5th month of gestation may increase the
liability to ROS in goats. An understanding the relationship
between the fetal number on one side and oxidative stress indicators on the other side could be useful in the clinical management of such pregnancies (Table 1).
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