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This study aimed to investigate the relationship between the fetal number and oxidative stress which 
could be useful indicators in the clinical management of pregnancy in sheep and goats. Blood samples 
were taken from three groups: Group1, non-pregnant, non-estrous, Group2, single bearing pregnancies, 
and Group 3, multiple bearing pregnancies. The pregnant animals were in the second half of 
pregnancy`. Blood samples were measured for progesterone (P) concentration, malondialdehyde 
(MDA), total antioxidant capacity (TAC), catalase (CAT) and superoxide dismutase (SOD) enzymes. The 
concentration of progesterone in pregnant animals carrying a single or multiple fetuses were higher than 
that of non-pregnant. The P concentration in case of multiple fetuses was higher than that bearing a 
single fetus in both sheep and goats. MDA significantly increase in multiple bearing animals 
accompanied by decrease of TAC level when compared with both non-pregnant and animals with single 
fetus. SOD activity of singleton and multiple bearings animals were found lower than non-pregnant 
animals. The activity of CAT decreased in multiple bearing goats but was the same in all sheep groups. 
The multiple bearing sheep and goats were presented to the danger of oxidative stress during second 
half of pregnancy than single bearing animals and non-pregnant ones that could be useful in prediction 
adverse pregnancy outcome. 
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INTRODUCTION 

Reactive oxygen species (ROS) are created 
during aerobic respiration and metabolism. 
Accordingly, mammalian cells have created 
protective antioxidant process. If the balance 
between oxidative stress and antioxidant defense 
decays, pathological processes develop (Yüksel 
and Yiğit, 2015). There are highly reactive 
chemical species, which contain oxygen 
molecules such as hydroxyl radical, superoxide, 
peroxide, and singleton oxygen (Kohen and Gati, 
2000; Hayyan et al., 2016). Oxidative stress 
happens due to an imbalance between the ROS 

and the antioxidant level (Gosmaro et al., 2013). 
Oxidative stress resulted in macromolecule harm 
including lipid peroxidation, protein cross linking, 
DNA damage, and changes in the development 
and function of cells (Ehsaei et al., 2015). Given 
its high ability to damage important cellular 
components , oxidative stress is now recognized 
as one of the most common mechanisms 
associated with development of a variety of 
diseases and natural events such as pregnancy 
(Berchieri-Ronchi et al, 2015 and Kandiel et al., 
2016). 

Lipid peroxidation is a well-essential process 
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of cell damage, and utilized as a marker of 
oxidative stress in cell and tissues. The lipid 
peroxides got from polyunsaturated fats are 
precarious and can decompose to form a series of 
compounds that incorporate reactive carbonyl 
compound such as malondialdehyde (MDA). 
Sivakumar et al., (2010) also suggested that 
animals supplemented by antioxidants reduced 
the level of malondialdehyde in goat’s serum that 
showed oxidative stress. Serum level of MDA, a 
degradation product of lipids (Grotto et al., 2009) 
is one of the parameters widely utilized for 
evaluating oxidative stress (Lykkesfeldt and 
Svendsen 2007). Estimating blood enzymatic 
antioxidants (catalase, glutathione peroxidase and 
superoxide dismutase) together with MDA values 
may give information that is more valid on level of 
oxidative stress (Celi, et al., 2010).These 
antioxidant substances either produced naturally 
(endogenous antioxidants), or externally supplied 
through foods (exogenous antioxidants). The 
natural and external producer antioxidants act as 
scavenger by anticipating and repairing harms 
caused by ROS and RNS, and therefore can 
upgrade the immune defense and lowering the 
risk of degenerative diseases (Rizzo et al., 2012). 

Pregnancy is a period in life when oxidative 
stress can be expected due to a high-energy 
demand with increasing oxygen requirement 
(Erisir et al., 2009).During pregnancy different 
metabolic pathways are disturbed, resulting in 
greater consumption of oxygen, energy 
substrates, and high metabolic placental 
demands, with consequent increasing ROS and 
oxidative stress (Ognik et al., 2015).Specially, 
animals carry multiple fetuses in ewes and does 
are considered as a major risk factor in pregnancy 
toxemia that is strongly associated with the 
oxidative stress (Olfati et al., 2013). According to 
Casanueva and Viteri (2003) these oxidative 
stresses reached to the peaks at the second half 
of pregnancy and it may cause the death of fetus 
in the absence of antioxidant. Toescu et al., 
(2002) reported that late pregnancy was 
accompanied by formation of susceptible, 
oxidisable particles (high LDL score) with 
increasing in oxidative harm. 

Progesterone is required in all mammals for 
support the survival and development of the 
conceptus including embryo⁄ foetus and attached 
membranes (Spencer and Bazer 2002). In sheep 
progesterone increases throughout the length of 
pregnancy and then decrease 2 weeks before 
parturition (Ranilla et al., 1994). 

It has been recorded by numerous authors 

that the increased foetal number during gestation 
results in increased circulating P level in various 
sheep breeds (Mukasa-Mugerwa and Viviani 
1992; Kalkan et al., 1996, Manalu and Sumaryadi 
1998; Kaskous et al., 2003; Muller et al., 2003; 
Kulcsar et al., 2006). However, information about 
the oxidant and antioxidant status and its relation 
with fetal number of pregnant animals is quite 
limited. Therefore, our aim was to investigate the 
changes in profile of progesterone and oxidative 
stress indicators in single and multiple bearing 
ewes and does. 
 
MATERIALS AND METHODS 
 
Ethical approval 

Authorization was acquired from Ethics 
Committee of National Research Centre. 

Animals 
A number of 30 sheep and 30 goats’ Egyptian 

breeds were brought up in South Sinai and 
inspected for pregnancy by trans abdominal 
ultrasonographic utilizing 5 MHz linear array probe 
(SonoVet 600; Medison, Korea). The animals 
were equally classified into Group1, non-pregnant, 
non-estrous, Group2, single bearing pregnancies, 
and Group 3, multiple bearing pregnancies. The 
pregnant animals were in the second half of 
pregnancy and all animals were fed on natural 
growing grass. 

Blood collection 
Ten ml blood samples gathered into 

heparinized and non-heparinized Vacutainer 
tubes. Serum gathered upon centrifugation for 20 
min at 3000 rpm, marked and put away at −20°C 
until estimating, progesterone, malondialdehyde 
(MDA), total antioxidant capacity (TAC), and 
catalase (CAT) enzyme while heparinized blood 
for estimating antioxidant enzyme (superoxide 
dismutase, SOD) activity. 

Progesterone estimation 
Serum progesterone levels were measured by 

using progesterone EIA kits (Cat. No. 4210-96, 
Syntron Bioresearch, CA, USA) as indicated by 
Boscos et al., (2003). 

Oxidant and antioxidants markers measure 
The lipid peroxidation and oxidative stress 

markers TAC and antioxidant CAT enzymes were 
identified in serum of sheep and goats. The 
activity of antioxidant enzyme SOD were detected 
in erythrocyte of non-pregnant, single and multiple 
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bearing animals. Lipid peroxidation item as MDA 
was tested utilizing the commercial kit of Bio-
diagnostic, Egypt as indicated by Ohkawa et al., 
(1979) and expressed as nmol/ml. TAC (mM/L), 
CAT (U/L), and SOD (U/ml) were estimated by 
colorimetric techniques utilizing the Bio-diagnostic 
kit, Egypt. This method was adapted by Koracevic 
et al., (2001), Aebi (1984), and Nishikimi et al., 
(1972), respectively. 

Statistical analysis 
Progesterone, MDA, TAC, SOD, CAT data of 

sheep and goats were analyzed by one-way 
analysis of variance using computerized software 
program SPSS version 17. Comparison of means 
for the three groups was done by the least square 
difference. Differences were considered to be 
significant at p<0.05. 
 
RESULTS 

The P concentrations were statistically higher 
in pregnant animals than in non-pregnant (table, 
1). Similarly, the P concentration in pregnant 

animals bearing multiple fetuses was higher than 
ewes and does bearing a single fetus (p< 0.05). 

The effect of fetal number on 
oxidant/antioxidant balance was recorded in 
sheep (table 2) and goats (table 3). Serum MDA 
level in pregnant sheep and goats bearing 
multiple was higher (p<0.05) than bearing 
singleton and non-pregnant. 

TAC values were lower in multiple (p<0.01) 
and singleton bearing goats (p<0.05) than that 
reported in non-pregnant animals. In singleton 
and multiple bearing goats, the SOD activity 
significantly decrease than non-pregnant goats 
(p< 0.001) and sheep (p<0.05). While there was 
no significant difference between single and 
multiple bearing animals. 

In multiple bearing goats, CAT activity was 
significantly low compared with non-pregnant 
(p<0.01) and singleton bearing goats 
(p<0.05).while there were no significant difference 
in CAT values among the three groups in sheep.

 
Table (1): Effect of fetal number on progesterone concentration (ng/ml) in sheep and goats. 

 

 
Animal 

 
 

Non- pregnant 
Fetal number 

Single Multiple 

Sheep 
 
 
 
 

6.87± 1.8a 19.0 ± 2.6b 51.6±  3.9c 

Goats 7.75±  1.6a 15.6 ± 1.4b 25.0 ±3.9 c 
abc within the same rows were differ (p < 0.05- p < 0.0001). 

 
Table (2): Effect of fetal number on oxidants /antioxidant balance in sheep. 

 

Sheep 
Parameters 

 
 

Non- pregnant 
Fetal number 

Single Multiple 

MDA (nmol 
/ml) 

12.57±1.8 b 13.01± 0.8 b 16.06 ±0.46a 

TAC (mM/L) 0.69±0.2 a 0.49 ± 0.03ab 0.28 ±0.02b 

SOD (U/ml) 468.1±39.7 a 431.8 ± 30.9 b 364.1 ± 13.8b 

CAT (U/L) 
 

263.5±16.2 a 236.9±28.4a 226.1 ± 16.5a 
 ab  within the same rows were differ (p < 0.05). 

Table (3): Effect of fetal number on oxidants /antioxidant balance in goats. 
 

Goats 
Parameters 

 
 

Non- pregnant Fetal number 

Single Multiple 

MDA (nmol /ml) 9.84±0.8b 10.41 ±  0.40b 12.73 ±0.28 a 

TAC (mM/L) 0.7±0.1a 0.45 ±  0.03b 0.31 ±0.1 b 

SOD (U/ml) 
 

485.9±20.6a 365.3 ± 8.6b 325.2 ± 3.2b 

CAT (U/L) 
 

301.7±11.6a 281.1 ±26.4a 218.2 ± 7.5b 
 ab  within the same rows were differ (p < 0.05- p < 0.001)
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DISCUSSION 
The mainly function of the CL is the 

production of progesterone in pregnancy (Hafez 
and Hafez 2000). Despite the fact that the sheep 
CL is important to keep up pregnancy at least 
during the initial 60 days, it stays functional all 
through the pregnancy. Likewise, CL together with 
placenta secrete more progesterone than required 
for pregnancy maintenance after day 60 (Al-
Gubory et al., 1999). In this study, it was reported 
that serum maternal P level of pregnant does and 
ewes were higher than in non-pregnant ones, 
meantime animals bearing a multiple fetuses had 
higher P concentration than in does and ewes 
bearing single fetus. Many authors have found a 
significant positive correlation between P4 level 
and the number of born lambs or kids (Boscos et 
al., 2003 andYotov 2007).Meanwhile, Gür et al. 
(2011) reported that corpora lutea of sheep 
formed after multiple ovulations produce more P 
than CL formed after one ovulation. Our findings 
are in agreement with these studies.  

There is evidence that pregnancy is a state of 
high oxidative stress in both animals (Berchieri-
Ronchi et al., 2015,Nawito et al., 2016 and Abdel-
Ghani et.al, 2016) and humans (Yüksel and Yiğit, 
2015).Oxidative stress resulting from an 
imbalance between antioxidant capacity and the 
production of reactive species (oxygen, ROS, and 
nitrogen, RNS), due to high ability to oxidize 
important cellular components (lipids, proteins, 
and deoxyribonucleic acid). Oxidative stress is 
now recognized as one of the most common 
mechanisms involved in the development of a 
variety of diseases(Kuru et al.,2018)  as well as 
natural events, such as pregnancy (Nawito et al., 
2016, Abdel-Ghani et al., 2016 and Ognik et al., 
2015).There are several factors triggering 
oxidative stress during pregnancy as increased 
metabolic activity, negative energy balance and 
ketone body formation, reduction of antioxidant 
reserve and lactation (Al-Qudah, 2011). 

The placenta has a major influence on fetal 
homeostasis, the placenta used 1% of the 
maternal basal metabolic rate when completely 
developed (Sies, 1991).Placenta throughout 
pregnancy is a site of active oxygen metabolism 
that persistently produces oxidative stress and 
associated with adverse pregnancy outcomes 
including abortion, poor birth and restriction of 
fetal growth (Vannucchi et, al, 2007 and Myatt 
2010).In addition,  oxidative stress is defined as 
an important hazard factor for advancement of 
diseases as pregnancy toxemia in sheep with 
multiple pregnancies (Olfati et al., 

2013).Malondialdehyde is an marker for lipid 
peroxidation. In this way, usually utilized for 
oxidative damage marker (Morrow 2000, 
Lykkesfeldt and Svendsen 2007). Increased MDA 
levels generally indicate that oxidative stress has 
been formed during pregnancy (Myatt 2006). 

The results of our study showed the increase 
of MDA level in multiple bearing ewes and does 
when comparing with both singleton and non-
pregnant animals. MDA concentrations were 
indicative of increased lipid peroxidation, 
especially pronounced in multiple bearing animals 
(Abdel-Ghani et al,. 2016). Moreover,Gur et al., 
(2011) reported that the increased MDA level is 
credited to an increased oxygen requirement and 
circulating lipids. Changes happening during 
pregnancy predispose to formation of oxidative 
stress (Mutinati et al., 2013). So, the increase of 
maternal metabolism during the pregnancy 
prompts release of ROS in large amounts (Rizzo 
et al., 2012). Despite the fact that ROS is 
requested for development of fetus (Mutinati et al 
.,2013), ROS produced in excessive amount leads 
to  oxidative stress (Garrel et al., 2010). 

TAC level is a marker of antioxidant capacity. 
It was cited that TAC concentration decrease in 
oxidative damage that developed in organisms 
(Aköz et al., 2017). In the current study, decrease 
of TAC of multiple bearing pregnancies against 
those carrying single and non-pregnant are in 
harmony with this findings.  In addition, Abdel-
Ghani et al., (2016) recorded significant reduction 
in serum TAC levels with multiple versus singleton 
or twins bearing goats. It is possible that 
increased ROS generation caused by 
hyperketonemia and hypoglycemia in pregnancy 
with multiple fetuses consumed antioxidants 
resulting in a dramatic reduction in their levels (Al-
Qudah, 2011 and Amador-Alvarado et.al, 2014). 

SOD is well known to be superoxide radicals' 
scavenger. This enzyme is an vital factor in the 
protection from free radical damage and thought 
about the main barrier against pro-oxidants (Celi 
et al.,2010).In the current study, SOD activity 
significantly decrease in singleton and multiple 
bearing animals than non-pregnant ones. Our 
results are in agreement with Ognik et al.,(2015) 
in pregnant ewes and Nawito et al., (2016) in 
pregnant sheep and goats. When ROS as 
superoxide anion radical are made in the 
organism, the antioxidant enzyme, superoxide 
dismutase changes the radical into hydrogen 
peroxide in a dismutation reaction. So, in pregnant 
goats, the activity of the antioxidant enzymes 
SOD and GSH-Px decrease and stays at a low 
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level even up to a month after lambing, which 
means that oxidative stress remains for a long 
time in the mother, including the lactation period 
(Celi et al.2010). 

In our study, pregnant ewes and does bearing 
multiple fetuses suffered from oxidative stress 
burden as evident by elevation in MDA and 
reduction in TAC accompanied with marked 
decrement in SOD activity versus those bearing 
singletons. However, CAT activity did not have 
significant change in sheep while, in goats bearing 
multiple fetus showed significant decrease than 
bearing single fetus and non-pregnant one. On 
the other hand, Ognik et al., (2015) recorded a 
decrease CAT in pregnant ewes. 

Oxidative stress and generation of ROS 
increased with multiple pregnant ewes and does 
during late pregnancy. At the point when ROS 
connect with polyunsaturated fatty acids in 
membranes or lipoproteins, the lipid peroxidation 
process starts (Nielsen et al., 1997). 

The observation of significant increased level 
of MDA and accompanied by a decrease of TAC, 
SOD and CAT activities in multiple bearing 
animals recommended that these animals might 
have  encounter some level of oxidative stress 
and lipid peroxidation. Lipid peroxidation are 
implicated in the development of pregnancy 
toxemia in ewes Al-Qudah, (2011). Oxidative 
stress in multiple pregnancies were significantly 
higher than for singleton to satisfy the high foetal 
demand of nutrients and dissolved oxygen for 
fetal progression. So, 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. 

CONCLUSION 
In conclusion, the pregnancy with multiple 

fetuses in sheep and goats causes an increase in 
ROS and oxidative stress during second half of 
gestation. An understanding the relationship 
between the fetal number on one side and 
oxidative stress indicators on the other side could 
be used in the clinical management of 
pregnancies and prediction the adverse 
pregnancy outcome. 
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