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ABSTRACT.- Salinas-Rios T., Sanchez-Torres Esqueda M.T., Diaz-Cruz A., Cordero-Mora J.L.,
Guinzberg-Perrusquia R., Rabanales-Morales ].L., Figueroa-Velasco J.L. & Hernandez-Bau-
tista J. 2017. Oxidative state of ewes with different number of parity during gestation
and lactation. Pesquisa Veterinaria Brasileira 37(12):1405-1410. Colegio de Postgradua-
dos, Carretera México-Texcoco Km 36.5, Montecillo, Texcoco, Estado de México, 56230, Mé-
xico. E-mail: teresa@colpos.mx

This study was conducted to assess the changes in some indicators of oxidative status
during pregnancy and lactation in sheep of different parity. Dorset x Suffolk ewes were clas-
sified by number of parity: 1, 2 and 24. They were sampled before pregnancy and on the first,
second, third, and fourth months, then on day 143 of pregnancy, as well as on day 5 after birth
and after one month of lactation. Antioxidant capacity was found to have two reductions, the
first during the second month of pregnancy and the second on day 5 of lactation. Susceptibili-
ty to lipid oxidation decreased with an increased number of parturitions. A reduction in lipid
oxidation was observed on day 143 of gestation relative to the other samplings during gesta-
tion and lactation. Total glutathione peroxidase activity increased when the two reductions
in antioxidant capacity took place. Ascorbic acid decreased during lactation and gestation;
the lowest values were recorded in the third month of gestation. It is concluded that suscep-
tibility to lipid oxidation decreases with the number of parturitions and that in ewes, during
gestation and lactation, there is a mechanism that prevents lipid oxidation involving changes
in antioxidant capacity, glutathione peroxidase and ascorbic acid.

INDEX TERMS: Ewes, sheep, parity, gestation, ascorbic acid, glutathione peroxidase, lipid oxidation,

oxidative stress.

RESUMO.- [Estado oxidativo na gestacao e lactacdo de
ovelhas com diferentes niimeros de partos.] Este estudo
foi conduzido para avaliar as mudangas em alguns indica-
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dores do estado oxidativo durante a gestacao e lactagdo em
ovelhas com diferentes nimeros de partos. Ovelhas Dor-
set x Sufolk foram classificadas pelo nimero de partos: 1,
2 e 24. Amostras foram coletadas antes da prenhez e no
primeiro, segundo, terceiro e quarto més e no dia 143 de
gestacdo, assim como no dia 5 apds o parto e com um més
de lacta¢do. Encontrou-se que a capacidade antioxidativa
teve duas reducdes, a primeira durante o segundo més de
gestacdo e a segunda no dia 5 de lactagdo. A atividade to-
tal da glutationa peroxidase aumentou quando se deram
as reducdes de capacidade antioxidante. O 4cido ascérbico
diminuiu durante a gestacdo e lactacdo, com o valor mais
baixo foi no terceiro més de gestacio. Conclui-se que a sus-
cetibilidade a oxida¢do diminui com o niimero de partos, e
que nas ovelhas durante a gestacdo e lactagdo ha um meca-
nismo que previne a oxidagao lipidica ocasionando mudan-
¢as na capacidade antioxidante, e das atividades glutationa
peroxidase e acido ascorbico.
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TERMOS DE INDEXAGAO: Ovelhas, gestacdo, parto, 4cido ascor-
bico, glutationa peroxidase, oxidagdo lipidica, estresse oxidativo.

INTRODUCTION

In the animal organism there is a system of enzyme and
non-enzyme antioxidants (Al-Gubory et al. 2004) that helps
achieve homeostasis. However, when the production of free
radicals is greater than what the organism can counteract,
a state of oxidative stress occurs (Agarwal et al. 2006). It
has been demonstrated that oxidative stress causes disor-
ders such as placenta retention (Brzezinska-Slebodzinsk
et al. 1994), miscarriages, restriction of fetal growth, pre-
mature birth, and low birth weight (Al-Gubory et al. 2010),
as well as a higher incidence of mastitis (Bouwstra et al.
2010). Thus, it is necessary to prevent it since it not only
protects mothers during gestation, but may also improve
the oxidative state of the offspring (Kamiloglu et al. 2006).
Different studies have been conducted to determine the
oxidative state in animals during gestation (Rezapour &
Taghinejad-Roudbaneh 2011), near parturition (Celi et al.
2010, Casamassima et al. 2012) and during lactation (Peder-
nera et al. 2010); these studies observed changes during the-
se physiological states. It has also been observed that age is a
factor that determines antioxidant capacity and lipid oxida-
tion in sheep plasma (Salar-Amoli & Baghbanzadeh 2010).
It is necessary, however, to identify the beginning of these
changes before breeding to determine when to supplement
with antioxidants since, it has already been established that
they aid in counteracting oxidative stress (Liu et al. 2013).
This study assessed four indicators of status oxidative.
The first was Glutathione peroxidase (GSH-Px), the main
enzymatic antioxidant that catalyzes reduction of hydro-
gen peroxide, helping to prevent oxidative damage (Ar-
thur 2000). The second was vitamin C, which was assessed
since it is believed that vitamin C synthesis in ruminants
is sufficient to satisfy requirements, and for this reason,
supplementation is not a common practice in sheep pro-
duction systems. However, in camels, it has been found that
this vitamin undergoes changes in concentration during
gestation and lactation (Mohamed et al. 2011). The third
and fourth indicators evaluated were the total antioxidant
capacity and lipoperoxidation, which measure the antioxi-
dant potential and oxidation of blood plasma, which reflect
the oxidative status of the animal. It is therefore necessary
to determine these changes during lactation and gestation
and their relationship with other indicators of the animal’s
oxidative status. Because ewes that have had different
numbers of parturitions are found in a flock at different
physiological states, it is necessary to determine whether
the changes in oxidative state are also different. Thus, the
objective of this experiment was to determine the changes
in oxidative status during gestation and lactation of ewes
with different number of parturitions and thus determine
when sheep need to be supplemented with antioxidants.

MATERIALS AND METHODS

The present study was performed according to the norms of
ethics and biosafety of the Colegio de Postgraduados, Campus
Montecillo, Mexico.
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Animals. The study was conducted from November to May in
the experimental farm of the Colegio de Postgraduados, Monte-
cillo Campus. Thirty Dorset x Suffolk cross ewes were distributed
in a completely random design in three treatments, T1: primipa-
rous ewes with an average age of 15 months (n=10); when these
ewes became pregnant and lactating, they were classified as first
parity ewes; T2: ewes that had one parity (n=10), which were
classified as second parturition ewes when they became pregnant
and lactating; and T3: ewes with >3 parturitions (n=10), which
were classified as 24 parity when they became pregnant and lac-
tating. The animals were vaccinated and wormed at the beginning
of the experiment and were kept with their group during the stu-
dy. They had free access to dehydrated oat forage and 400 grams
of concentrate (Table 1). The ewes were pre-synchronized with
two dosages of chloprostenol 8 days apart, and 6 days after the
second application, an intravaginal device impregnated with pro-
gesterone was implemented and left for 11 days. The ewes were
bred at estrus onset after withdrawal of the intravaginal device.

Sampling. Ewes were sampled from the jugular vein and
blood was collected with 5 mL tubes with EDTA to obtain plasma.
Sampling moments were achieved when they were not pregnant
(day 5 of the estrous cycle) in the first, second, third, and fourth
months of gestation (30, 60, 90, and 120 days), and on day 143
of gestation, and also on the fifth day and first month (30 days)
of lactation. Tubes were centrifuged at 2500g for 10 minutes at
4°C. Plasma was conditioned in cryostat tubes and stored at -40°C
until analysis.

Average gestation time was 145 days, therefore samples were
collected from ewes on day 143, which was 2 days before parturi-
tion. All ewes had only one offspring.

Antioxidant capacity. Total antioxidant capacity was mea-
sured using Benzie & Strain’s FRAP (ferric reducing antioxidant
power) technique (1996). A mixture was prepared consisting of
a buffer solution of 300 mM acetate at pH 3.6, 20mM aqueous so-
lution of ferric chloride hexahydrate (Fe III) and 10mM 2,4,6-tri-
pyridyl-s-triazine (TPTZ) (dissolved in 40mM HCI) ata 10:1:1 ra-
tio, respectively. Next, 50uL of sample was added to 1.5 mL of the
mixture. The samples were incubated at 37°C for 10min and their
absorbances were obtained by spectrophotometry at 593nm. As
the standard for calculating the results, 6-hydroxy-2-5-7-8-tetra-
methyl-chroman-2-carboxylic acid (trolox) was used at different
concentrations (0.2-1.6mM) since it is a water-soluble analogue
of vitamin E, which is frequently used in animal production.

Lipoperoxidation. Lipoperoxidation was measured using
the thiobarbituric acid reactive substances (TBARS) test, follo-
wing the procedure described by Ohkawa et al. (1979) with a
few modifications. One milliliter of 0.8% thiobarbituric acid and
2mL 20 % acetic acid, adjusted to pH 2.5, were added to 100uL
of plasma. The samples were boiled for 60min and later cooled
with ice water, and 5mL n-butanol (n-butyl alcohol) were added.
After shaking vigorously, the samples were centrifuged for 10min
at 4000rpm. Supernatant absorbance was measured by spectro-
photometry at 532nm. The results were calculated using different

Table 1. Ingredients of the diet administered to ewes during
gestation and lactation

Ingredient Percentage of the diet
Ground maize 40.72
Ground sorghum 11.15
Soy paste 12.08
Maize stover 30.05
Molasses 5.00
*Mineral salt 1.00

*Phosphorus (17.5%), sodium (12.9%), calcium (5.6%), magnesium (3.4%).
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concentrations (1-8mM) of malondialdehyde (MDA), obtained by
acid hydrolysis from 1,1,3,3-tetraethoxypropane.

Glutathione peroxidase. To determine the total activity of
glutathione peroxidase, the technique of Lawrence & Burk (1976)
was used. Two 100uL aliquots of each sample were taken; 800
uL of a mixture of 50mM phosphate buffer solution (pH 7.9) with
1mM EDTA and 1mM sodium azide, 1mM GSH (reduced), 1U/mL
glutathione reductase and 0.2mM NADPH were added to each
sample. Each test was accompanied by a control without sample
to rule out non-enzymatic oxidation of NADPH. The tests and con-
trols were incubated at 37°C for 5min; then 100uL 2.5mM H,0,
was added. Absorbance was read at 340nm at 0 and 5min. The
coefficient of NADPH molar absorption of 6.22x10° M'cm™ was
used for the calculations. The results of oxidized NADPH were
presented as nmol/mL/min.

Ascorbic acid. An ascorbic acid analysis was carried out
following the technique described by Jacota & Dani (1982), with
modifications consisting of mixing 10% trichloroacetic acid and
400uL plasma, shaking vigorously for 5 seconds, incubating for
5min in ice water, and finally centrifuging at 3000rpm for 5min.
Next, 100uL 10% folin phenol was added to 1mL of supernatant.
This was shaken for 3 seconds and incubated at room temperatu-
re for 10min. The reading was performed by spectrophotometry
at 760nm. The curves were constructed with ascorbic acid at con-
centrations of 0, 20, 40, 80 and 160pg mL-1.

A UV-V15 spectrophotometer was used for the analyses. All
of the analyses of the indicators of oxidative state were done in
duplicate.

Statistical analysis. An analysis of variance was performed
considering the parity and time sampled as fixed effects. The pari-
ty is nestled at the sheep. The number of parturitions was nested
to the ewe. The model used was: Y= +T+ M, TM, AQ E.
where:

Y, =response of i* parturition of the j* sampling of the k" repe-
tition, u= general mean, T = effect of the i" parturition, M = effect of
the j sampling, T M = effect of the i parturition in the j" sampling,
A ()= effect of the i parturition nested to the k™ ewe, and E_ = ex-
perimental error. When a significance of less than 0.05 was detec-
ted, a Tukey comparison of means test was applied. The statistical
analyses were carried out with SAS (2002) version 9 software.

RESULTS

Antioxidant capacity

Antioxidant capacity did not change as an effect of the
number of parity of the ewes. It was, however, modified by
gestation and lactation (P<0.05) (Fig.1).

During gestation, the antioxidant capacity of the ewes
decreased in months 1 (171.66nmol trolox mL!) and 2
(146.39nmol trolox mL%), relative to the ewes that were
not pregnant (227.72nmol trolox mL™') (P<0.05). It incre-
ased again, however, in the third (168.29nmol trolox mL)
and fourth months (205.11nmol trolox mL*) and up to day
143 of gestation (223.25nmol trolox mL*). Another reduc-
tion in antioxidant capacity (185.36nmol trolox mL™') was
observed on day 5 of lactation, although it was not as low
as the reduction observed in second month of gestation. It
later increased after one month of lactation (256.03 nmol
trolox mL1).

Lipoperoxidation
Lipoperoxidation decreased with the number of par-
turitions (Table 2), although the difference was significant
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(P<0.05) only between first parity ewes (4.02nmol MDA
mL1) and those with 24 parity (3.49nmol MDA mL™1).

Oxidation in plasma was also modified by the physiolo-
gical state of the ewes. This was lower (P<0.05) on day 143
of gestation, relative to the other periods sampled during
gestation and lactation (Fig.2).

Glutathione peroxidase

Values of total glutathione peroxidase were not affec-
ted by number of parity, but they were modified (P<0.05)
by the physiological state of the ewes. The highest values
were found in the second month of gestation (20.33pmol/
NADPH/min/L) and on day 5 of lactation (21.18umol/NA-
DPH/min/L). In contrast, the lowest values were found in
the first (7.64umol/NADPH/min/L) and third months of
gestation (6.26umol/NADPH/min/L). No defined tenden-
cies were observed in the other sampling periods during
gestation and lactation (Fig.3).

Ascorbic acid

The number of parity did not affect (P<0.05) ascorbic
acid values, although it indicated that levels of ascorbic acid
decreased (P<0.05) from before pregnancy (10.14ug mL1),
reaching the lowest values in the third month of gestation
(3.99pug mL1Y). This is a reduction of approximately 60.4 %
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Fig.1. Antioxidant capacity in plasma of ewes with different num-
bers of parity, measured by the FRAP technique during gesta-
tion and lactation.

Table 2. Concentration of malondialdehyde in ewes with
different numbers of parity

1 parity 2 parity 2 4 parity

4.02+0.13°

nmol MDA mL* 3.69+0.13* 3.49+0.13"

ab Different letters indicate significant differences (P<0.05).

nmol MDA mL"

» 1 Parity

i 2 Parity

2 4parity

Fig.2. Concentrations of malondialdehyde (MDA) in plasma du-
ring gestation and lactation, measured by the TBARS techni-
que in ewes with different numbers of parity. Different letters
(a,b) indicate significant differences (P<0.05).
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Fig.3. Glutathione peroxidase in plasma of ewes with different
numbers of parity during gestation and lactation. Different
letters (a,b,c,d) indicate significant differences (P<0.05).
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Fig.4. Ascorbic acid in plasma of ewes with different number of
parity during gestation and lactation. Different letters (a,b,c,d)
indicate significant differences (P<0.05).

in concentration of vitamin C. After this, there was an incre-
ase (P<0.05) in the fourth month of gestation (5.79ug mL)
and was even higher on day 143 of gestation (6.95ug mL™1).
Although it was not statistically significant (P<0.05), a se-
cond decrease was observed on day 5 of lactation (5.36pg
mL1, Fig.4).

DISCUSSION

Antioxidant capacity had two reductions. The first occur-
red in the second month of gestation, although the decline
began from the first month. The second less pronounced
than the first, occurred five days after parturition. Turk et
al. (2013) found that the antioxidant capacity in dairy cows
decreases one week after calving. In contrast, in our study,
the ewes had a reduction 5 days after lambing. Kankofer et
al. (2010) reported that in cows, the antioxidant capacity
increases between four weeks antepartum until five days
antepartum with a sharp drop at parturition and another
increase after parturition. Likewise, in our study we obser-
ved that after the first reduction in antioxidant capacity in
the second month of gestation, there was a continual incre-
ase up to day 143 of gestation.

Antioxidant capacity is modified in three ways: either
via synthesis of antioxidant enzymes, or by altering the
way antioxidants are consumed or making a greater use of
them. Because all the ewes were fed the same diet during
gestation and lactation, the changes could be due to higher
use of antioxidants. During gestation, the metabolism of li-
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pids, which are susceptible to oxidation, is modified (Loy
et al. 2013), so it can be assumed that during this period
changes take place in the use of antioxidants.

Reduction in antioxidant capacity when ewes are ap-
proaching parturition has been reported. Nevertheless, lit-
tle is known about its decrease during the first two months
of gestation when major reproductive events occur, such as
implantation, placenta development and hormonal chan-
ges. It is necessary to assess the value of antioxidant su-
pplementation and the physiological and reproductive be-
nefits before these decreases occur, given that antioxidant
supplementation in the diet has been shown to increase
antioxidant capacity in plasma (Liu et al. 2013).

With a higher number of parity, levels of malondial-
dehyde decreased; that is, as the number of parity increa-
ses susceptibility to oxidation decreases. Salar-Amoli & Ba-
ghbanzadeh (2010), however, found higher MDA values in
71 to 90-month-old ewes than in 10 to 30-month-old ewes.
The difference may be that in our study ewes were used in
different stages of gestation and lactation; the antioxidant
mechanism in first parturition ewes is not efficient enough
to counteract lipid oxidation. In our experiment, MDA va-
lues remained relatively stable during gestation and lacta-
tion, with the exception of gestation day 143 (3 days before
parturition), when a decrease was observed.

In dairy cows, lipid oxidation has been reported to be
higher at the end of gestation than in the second and third
trimester of gestation (Turk et al. 2008), while Bernabucci
et al. (2005), who studied the oxidative state during peri-
partum, found that oxidation begins increasing 5 days befo-
re parturition until it reaches its maximum values 25 days
postpartum. In sheep, however, different results have been
found. Rezapour & Taghinejad-Roudbaneh (2011) found
that as gestation progresses, lipoperoxidation increases,
while Oztabak et al. (2005), measuring MDA values at two
moments of gestation, found that oxidation is similar on
days 105 and 148. Casamassima et al. (2012) found, when
measuring lipid peroxidation concentrations in ewes, that
this process increases at parturition. In contrast to indi-
cations by all those authors, MDA, which is a peroxidation
indicator, did not increase. In ewes pregnant with twins,
lipoperoxidation increases (Gir et al. 2011); thus, the in-
crease in metabolism may be the main cause of increases
in lipoperoxidation. In our experiment, all of the ewes gave
birth to a single offspring.

Glutathione peroxidase (GSh-Px) is an enzymatic antio-
xidant that catalyzes reduction of hydrogen peroxide into
less harmful forms. The highest values were found in the
second month of gestation and on day 5 of lactation. The-
se values coincide with the decrease in antioxidant capa-
city; thus, total GSh-Px activity may have been increasing
during the two reductions in antioxidant capacity to pre-
vent lipid oxidation and maintain malondialdehyde levels.
The second GSh-Px peak coincides with results of Liu et al.
(2013), who reported that GSH-Px concentration increases
ondays 1 and 7 postpartum, relative to the 21 days pre- and
post- partum. Erisir et al. (2009) reported that GSh-Px va-
lues are higher in the second and third months of gestation
in pregnant ewes. Glutathione peroxidase has been deter-
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mined in different ovarian structures. In the corpus luteum,
GSh-Px activity is lower on day 15 than on days 40, 60, 80
and 128 (Al-Gubory et al. 2004). Giir et al. (2011) reported
that ewes with two fetuses have lower values than ewes
with a single fetus or that are not pregnant. In women, glu-
tation activity has been observed to fall in postmenopausal
women in comparison to the follicular and luteal (Pejic’ et
al. 2013). There is also a positive correlation between the
peroxidase glutation activity and estradiol (Massafra et al.
2000).

Ascorbic acid concentrations were not modified by
the number of parity. The lowest values were found in the
third month of gestation. Also, like antioxidant capacity,
on day 5 of lactation, a second reduction was observed,
although it was less pronounced than the first. This coin-
cides with Kankofer et al. (2010) who found that ascorbic
acid decreases at parturition in dairy cows during weeks
4 to 5 of lactation. Although ascorbic acid concentrations
increased after the reduction in the third month of gesta-
tion, they did not return to those of non-pregnant ewes.
The results of our experiment agree with Mohebbi-Fani
et al. (2012), who found that concentrations of ascorbic
acid and vitamin A on days 1, 7, 21 and 120 of gestation
decrease as gestation progresses. However, because of
their sampling times, they did not detect the reduction
in ascorbic acid concentrations during the third month of
gestation, which later increased. In camels, ascorbic acid
concentrations are lower during pregnancy than during
lactation or when they are not pregnant (Mohamed et al.
2011). Vannucchi et al. (2007) demonstrated that in dogs,
the values of vitamin A and E decreased during pregnancy,
counteracting oxidative stress. Our study therefore assu-
mes that when vitamin C decreases during gestation, it is
performing the important function of preventing lipid oxi-
dation from increasing to levels of oxidative stress. Olayaki
et al. (2008) demonstrated that supplementation with vi-
tamin C during pregnancy reduces MDA concentrations in
women. It has been reported that not only in plasma, but
also in other reproductive structures, such as sow ovaries,
ascorbic acid varies with the estrous cycle and the period
of gestation (Petroff et al. 1997). It has been demonstra-
ted that, although ewes are able to synthesize ascorbic
acid, during gestation and lactation the concentration is
reduced; thus it is necessary to determine whether this
reduction is due to its synthesis or to an increase in its
utilization and what the probable benefits of supplemen-
tation are.

CONCLUSIONS

Itis concluded that the number of parity did not modify
the antioxidant capacity, nor glutathione peroxidase or as-
corbic acid activities.

Susceptibility to oxidation, however, decreased with the
number of parity, suggesting that there is a still unknown
mechanism that decreases lipoperoxidation in ewes that
have had several parturitions.

Vitamin C and antioxidant capacity showed two reduc-
tions in concentration, the first from the beginning of ges-
tation, and the second on day 5 of lactation.

1409

Therefore, further study is necessary to determine the
importance of antioxidant supplementation on these speci-
fic times, since glutathione peroxidase activity increased in
these reductions, possibly to avoid lipidic lipoperoxidation.
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