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Abstract

Oxidative stress and the antioxidant status in dairy cows during late pregnancy and onset of lactation
revealed dramatic changes in the activities of antioxidant defense system. This study was carried out
to assess the concentration of lipid peroxidation, antioxidants concentration, antioxidant enzymes
activities and the inflammatory markers. One hundred of clinically healthy pregnant Holstein—
Friesian cows approximately with an average age 42 months old were divided into five equal
groups of 20 cows. The experiment was planned four weeks before and after parturition according to
the farm records. Group I: (Control). Group II: cows received daily dose of 35mg/kg b.w. of zinc
oxide food grade. Group III: cows received daily dose of 45mg/kg b.w. of manganese sulphate
Group IV: cows received daily dose of 6 mg/kg b.w. of copper sulphate. Group V: cows received
daily dose of 6,000IU/kg b.w. of a tocopherol. Blood samples for serum separation of serum were
obtained and used directly for haptoglobin (HP) and C-reactive protein (CRP) estimation. Hepa-
rinized blood samples were taken for malondialdehyde (MDA), reduced glutathione (GSH), hydro-
gen peroxide (H202), nitric oxide (NO) concentrations and total antioxidant capacity (TAC), deter-
mination of glutathione peroxidase (GPx), glutathione reeducates (GR), superoxide dismutase
(SOD), and Catalase (CAT) enzymes activities. Tht results revealed a higher increase in L-
malondialdhyde (MDA), hydrogen peroxide (H202), Nitric oxide, C-reactive protein (CRP) and
Haptoglobin (HP) concentration in control group. Meanwhile, a significant decrease was in L-
malondialdhyde (MDA), hydrogen peroxide (H202), Nitric oxide, C-reactive protein (CRP) and
Haptoglobin (HP) concentration observed after supplementation of zinc oxide, manganese sulphate,
copper sulphate and a-tocopherol to the ration of cows moreover, a significant decrease was ob-
served in reduced glutathione, and total antioxidant capacity concentrations in control group. Main-
while, a significant increase were observed in reduced glutathione, and total antioxidant capacity
concentrations, in addation, a marked increase was observed in glutathione peroxidase, glutathione
reductase, superoxide dismutase and catalase activities after supplementation of zinc oxide, manga-
nese sulphate, copper sulphate and a tocopherol in the ration of Holstein—Friesian cows.
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Introduction DNA and proteins (Sordillo et al., 2009). The
Oxidative stress is generally described as an per parturient period of dairy cows involves
imbalance between oxidant and antioxidant major metabolic changes and release of reac-
levels (Lykkesfeldt and Svendsen, 2007). tive oxygen species (ROS) (Halliwell and
When the production of oxidants exceeds the Gutteridge, 2007). An increase in free radicals
capacity of antioxidant defense, a condition of production or deficiencies of antioxidants may
oxidative stress is produced resulting in oxida- lead to oxidative stress (Zhao and Lacasse
tive damage to macromolecules such as lipids, 2008). Antioxidant vitamins and minerals such
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as a-tocopherol, Zinc (Zn), copper (Cu) and
manganese protect the body from free radicals
either by directly scavenging free radicals or
by inhibiting the activity of oxidizing enzymes
(Feng and Xiao 2015).

Lipid peroxidation may cause decrease in lev-
els of some antioxidant molecules leading to an
increase in oxidative stress (Weiss et al.,
2004). Malondialdehyde (MDA) considered as
indicator of oxidative stress (Halliwell and
Chirico, 1993). Also reactive oxygen mole-
cules (ROM) levels were shown to continue to
increase even after parturition which suggests
that the antioxidative capacity in dairy cows
around calving seems to be insufficient to
counteract the increase in ROM. (Celi et al.,
2012). Reactive oxygen species (ROS) and an-
tioxidants may be involved in some relevant
physiological functions such as milk yield
therefore it might be beneficial to supplement
cows with antioxidants (Pedernera et al.,
2009). The possibility that oxidative stress dur-
ing the transition period may be a major under-
lying cause of inflammatory and immune dys-
function in dairy cows (Bouwstra et al., 2010).

SOD activity increases H202 production, pro-
tection from reactive oxygen species would
controlled by a simultaneous increase in cata-
lase and GSH-Px activities and availability of
glutathione. (Frei, 1994). Studies showed that
blood GSH-Px activity is decreased during the
postpartum period, suggesting some degrees of
oxidative stress and lipid peroxidation. (Celi et
al., 2010). SOD activity is decreased during
the postpartum period probably as a conse-
quence of lower peroxide generation as testi-
fied by the decrease in ROM concentrations.
Celi et al., 2010). Dairy cows can experience
oxidative stress which may be associated with
metabolic diseases during the peripartum peri-
od (Miller et al., 1993).

Antioxidant nutrient supplementation especial-
ly vitamin E and zinc can be used to attenuate
the oxidative stress in ruminants (Garg and
Bansal, 2000). In addition, Kinal ez al., (2005)
reported that replacing of the inorganic copper
(Cu), manganese (Mn), and zinc( Zn) pre-
calving until during early lactation could re-
duce lipid peroxidation in lactating cows.

atocopherol has antioxidant beside anti-
inflammatory effects. Pregnancy and lactation
had significant effects on blood haptoglobin
concentrations. The oxidative stress during the
transition period may be a major underlying
cause of inflammatory and immune dysfunc-
tion in dairy cows Sevanian and Ursini,
(2000). CRP concentrations tend to be higher
in late pregnancy (Young et al., 1991). C-
reactive protein (CRP) is a biomarker for in-
flammation status, Its serum level increases
during inflammatory conditions or any stresses
Saboori et al., (2015). C-reactive protein as
inflammatory marker that interpreting bi-
omarkers of micronutrient status. a-tocopherol
supplement can significantly decrease the se-
rum level of CRP (Saboori et al, 2015). In-
flammation may affect antioxidant status by
decreasing their concentrations in the serum
and in this way it can mask the possible protec-
tive effects of antioxidants on CRP level
(Floegel et al., 2011). a-Tocopherol supple-
mentation may be a good strategy for decreas-
ing inflammatory conditions (Saboori et al,
2015).

Therefore, the aim of this study was the evalu-
ation of antioxidant inflammatory status in
blood during late gestation and onset of lacta-
tion. it was planned with the view of the possi-
ble protective effect during supplementation of
Zn, Cu, Mn or a- tocopherole during times of
oxidative stress which may reduce oxidative
damage during transition period it was decided
to estimate the levels of MDA, GSH, GPx, Gr,
SOD, catalase, H202, Nitric oxide, TAC, Hap-
toglobin and CRP and as anindex of oxidative
stress, antioxidant status and inflammatory
marker respectively and to see whether any
difference was existed in these parameters dur-
ing advanced pregnancy and early lactation.

Materials and Methods

One hundred of clinically healthy pregnant
Holstein—Friesian cows could be approximate-
ly an average of 42 months old. All the animals
were clinically healthy dewormed and free
from internal, external and blood parasites dur-
ing the period of the study. The selected cows
were in a good health, nutritional condition and
approximately have the same body scores,
were selected from private dairy farm at
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sharkeia province during the late pregnancy,
four and two weeks prior to calving,Day of
parturition and early two and four weeks after
parturition according to reproductive farm rec-
ords. Animals were fed on total mixed ration
TMR (concentrated ration and corn silage) ac-
cording to NRC (2001) fresh and clean drink-
ing water was supplied ad-libitum. The select-
ed cows were in good health, nutritional condi-
tion and approximately have the same body
scores

Animals Groups:

Cows under experiment were randomly divid-
ed into five equal groups of 20 cows each as
follows:

Group I: (Control): cows fed on total mixed
ration (TMR) four weeks before and after par-
turition.

Group II: (Zinc Oxide treated group): cows
received daily dose of 35 mg/kg B. w. of zinc
oxide food grade added to TMR four weeks
before and after parturition.

Group III: (manganese sulphate treated
group): cows received daily dose of 45mg/kg
B. w. of manganese sulphate added to TMR
four weeks before and after parturition.

Group IV: (copper sulphate treated group):
cows received daily dose of 6 mg/kg B. w. of
copper sulphate added to TMR all over the ex-
perimental periods.

Group V: (a tocopherol treated group):
cows received daily dose of 6,000 IU/kg B. w.
of a tocopherol added to TMR all over the ex-
perimental periods.

All cow groups fed on total mixed ration all
over the experimental periods

Sampling:

Individual blood samples were collected from
the jugular vein five times. at (4 weeks, and 2
weeks before parturition, a day of parturition
and at 2 and 4 weeks postpartum).

Blood samples:

Approximately 10 ml of blood samples were
obtained in clean, dry screw capped tubes and
serum was separated by centrifugation at 3000
r.p.m for 10 minutes. The clear serum was ob-
tained and received in dry sterile sample tube
using sterilized pipettes, processed directly for

haptoglobin and CRP. Also heparinized blood
samples were taken in clean, dry screw capped
tubes for malondialdehyde, reduced glutathi-
one, hydrogen peroxide, nitric oxide concentra-
tions and total antioxidant capacity. In addi-
tion, determination of glutathione peroxidase,
glutathione reductase, superoxide dismutase,

and Catalase activities were performed in
whole blood.

Biochemical analysis:

L-Malondialdehyde (L-MDA), Esterbauer et
al., (1982). GSH Moron ef al., (1979), Gpx
Gross et al., (1967), GR Beutler (1975). SOD,
Paoletti and Mocali, (1990).C-reactive protein
(CRP) Tietz (1995). CAT, Xu et al., (1997).
H202, Sinha, (1972). Nitric oxide, Moshage
et al., (1995). Haemoglobin Wintrobe, (1965).
TAC. oracevic, et al., (2001). Hptoglobin,
Eckersal, (2000).

All biochemical analyses were performed in
AHRI zagazig branch Using spectrophotome-
ter turner 960,

Statistical analysis: The obtained data were
statistically analyzed using analysis of variance
(ANOVA) test and comparative of means were
performed according to Duncan Multiple
Range test for comparison of Means according
tousing SPSS14 (2006).
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Results
Table (1). Effect of oxidative stress during late pregnancy and onset of lactation on MDA (nmol/L) , GSH
(mg/dL) Concentrations, GPx and Gr U/mL activeies and their modulation with Zinc oxide, Man-

ganese sulphate, Copper sulphate and o- Tocopherol supplementation Holstein—Friesian cows
(n=5).

Before parturition After parturition

Animals
groups

4 weeks

2 weeks

Day of partu-
rition

2 weeks

4 weeks

MDA (nmol/
L)

Control

80.57 + 1.66%

82.1 £4.95°

88.2 +5.82°

89.35 +3.59°

89.19 +3.79°

Zinc oxide
treated group

69.97+ 2.34°

66.83 + 4.84°

71.52+£597*

69.65 + 3.96

7115+ 6.67°

Manganese
sulphate
treated group

67.30 = 4.04°

61.70 £2.87°

76.94 £2.25%

63.70 = 3.55"

63.54 +2.30°

Copper sul-
phate treated

group

63.53 £3.76°

62.91 +2.43°

82.81 +4.82°

66.81 + 3.06"

65.81 +3.78°

o Tocopherol
supplemented
group

68.14 = 4.38°

68.82 £2.61°

75.26 £ 6.50*

67.28 +£2.24°

61.48 £2.11°

GSH (mg/dL).

Control group

49.60 +1.91°

53.81 +£3.52¢

69.27 £2.59*

59.46 +2.55°

53.15+£2.34°

Zinc oxide
treated group

69.60 +1.21°

69.85+2.01°

75.11 +3.82°

69.07 £2.21°%

77.77 +3.20°

Manganese
sulphate
treated group

69.40 + 1.63°

77.20 £ 4.04°

77.00 & 3.34°

71.2£2.18%

72.8 £2.18"

Copper sul-
phate treated

group

72.20 = 1.82°

75.10 £1.12°

75.70 £2.72°

72.00 = 1.70°

75.70+4.17°

a Tocopherol
supplemented

group

79.66 +3.19°

77.40 £ 3.34°

73.20 +1.93°

74.50 = 1.69°

76.8 £ 3.02°

Gpx U/mL

Control group

27.25+2.02°

32.52+3.92°

52.45+3.78°

36.44 +3.33°

3031 £2.21°

Zinc oxide
treated group

55.16 + 8.30°

44.63 +5.38°

65.49 & 5.65°

50.48 +£3.41°

44.70 + 5.43°

Manganese
sulphate
treated group

58.22+5.21°

53.21 £ 1.40°

58.82 +5.36°

51.94 +1.29°

52.81 + 1.67™

Copper sul-
phate treated

group

59.95+ 11.65°

51.76 £2.03*

62.21+4.41°

50.14£2.21°

61.08 +4.08°

o- Tocopherol
supplemented
group

67.85+4.22°

54.65 £ 4.26°

67.95+4.51"

56.01 £2.52%

59.26 +4.93¢

GR U/mL

Control group

26.54 +0.52°

28.46 +2.20°

36.46 +5.03"

25.68 +1.12°

31.74 +1.68°

Zinc oxide
treated group

35.50 £2.53°

37.20 £ 3.74°

41.69 +£3.70°

35.65+£2.29*

37.77 +£0.10a°

Manganese
sulphate
treated group

37.75+0.10°

43.08 +3.32%

39.77 +£ 1.94°

37.68+ 0.1°

39.80 + 1.94%

Copper sul-
phate treated
group

38.08 £0.23°

41.53+2.18°

43.77 +£3.39°

4035+ 1.61°

41.77 £3.95%

o Tocopherol
supplemented

group

46.82 +4.86°

40.15+ 1.33°

45.75+3.81°

41.95+3.9°

43.81+£4.01°

Mean with different superscript letters in the same column are significantly different at (P < 0.05).
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Table (2). Effect of oxidative stress during late pregnancy and onset of lactation on SOD (U/mL), CAT (U/
mL)activeies and H202 (nmol/L) Concentrations, and their modulation with Zinc oxide, Manga-
nese sulphate, Copper sulphate and a- Tocopherol supplementation Holstein—Friesian cows (n=5).

Before parturition Day qf.partu- After parturition
rition
Animals group 4 weeks 2 weeks 0 Day 2 weeks 4 weeks
Control group | 43.65+2.52° 3297 £337° 49.45 + 4.44° 38.52+227° 34.66 +2.69°
pmeoxide ) 60054547 | 54254853 | 572543780 | 57.66+724° | 5145+3.04%
reated group
Manganese
sulphate treat- 5425 +3.58" 53.24 +4.57° 59.05 +5.74* 59.45 +5.07% 58.86 +6.03"
SOD (U/mL) ed group
Copper sul-
phate treated 64.71 £5.13° 57.45 +3.99° 61.26 +3.84° 60..86 + 3.42° 55.45+4.70°
group
o Tocopherol
supplemented 55.66 +3.48" 61.85+1.89° 55.85£3.04° 61.04 + 6.04® 59.06 + 3.45"
group
Control group 46.06 +3.82° 38.72£2.91° 43.30 +3.80° 41.85+6.12° 35.15 +£1.55°¢
meoxide ) G046+540° | 56574663 | 49824378 | 65.59+326' | 5021+6.85°
reated group
Manganese
sulphate treat- 63.25+4.77° 61.64 +5.50° 57.04+ 6.41° 68.84+2.31° 53.81 +4.67%
CAT ed group
(U/mL) Copper sul-
phate treated 62.64 + 4.68° 58.87 £4.14* 5434 +3.19° 70.24 £ 4.86° 48.22 +2.46°
group
o Tocopherol
supplemented 60.86 + 3.42° 67.99 + 3.63° 54.67+3.19 77.65 +£4.86° 63.65 +3.80°
group
Control group 99.09 £2.61° 134.51 £2.59° 122.99 +4.56° 131.95 £ 2.49° 130.80 + 3.02°
ane oxide 88.442.54° | 9599+853" | 111452607 | 90.65+4.13° | 111.40=7.81°
reated group
Manganese
sulphate treat- 84.65 +4.09° 98.71 +3.57° 118.75 £7.54* 98.00 +3.39° 93.00 +2.55°¢
H202 ed group
(nmol/L) Copper sul-
phate treated 82.55 +3.58° 92.61 +5.59° 109.24 + 5.94° 95.75 + 4.49° 103.80 + 2.24%
group
o Tocopherol
supplemented 82.19+3.41° 97.44 +4.17° 110.55 +£8.07* 89.00 + 1.87° 95.25+5.31°¢
group

Mean with different superscript letters in the same column are significantly different at (P < 0.05).
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Table (3). Effect of oxidative stress during late pregnancy and onset of lactation on Nitric oxide (mmol/L),
TAC (u/gmHb), and Haptoglobin (mg/dL) Concentrations, and their modulation with Zinc oxide,
Manganese sulphate, Copper sulphate and a- Tocopherol supplementation Holstein—Friesian cows

(n=5).
Before parturition Dayr(i)tfiop::rtu- After parturition
Animals group 4 weeks 2 weeks 0Day 2 weeks 4 weeks
Control group | 18.12+0.89° 19 .14+ 1.07° 19.34 +0.74° 18.35+0.71° 18.53 +0.75°
e oxide 13.62+£1.76" | 1549+120° | 1659+£206" | 1325+163° | 11.28+1.03
reated group
Manganese
sulphate treat- | 11.10+0.41° 11.04 +041° 16.19 +1.93° 11.89 £0.87° 14.02 +1.56°
Nitric oxide ed group
(mmoV/L) Copper sul-
phate treated 10.66 = 0.63° 13.14 £ 1.97* 1635+ 1.81° 12.12 £0.10° 14.12 £1.55°
group
a Tocopherol
supplemented 11.40 +0.88° 10.36 +0.72° 18.69 +1.61° 11.74 +0.84° 11.06 +0.33°
group
Control group 3.09 +0.23° 2.71+0.18° 3.59+£2.61° 2.99 +0.05° 2.99 +0.05°
e oxide 410 +0.29° 3.76 + 0.39° 3.95+031° | 3.91+£021® | 3.95+030°
reated group
Manganese
sulphate treat- 435+0.22° 421+0.10° 3.97+0.19° 3.78 £0.23% 3.83+£0.25°
TAC (w/ ed group
gmHb) Copper sul-
phate treated 3.61 £0.19% 3.58 +£0.22° 3.78 £0.23° 3.85+0.41% 3.92+0.18"
group
o Tocopherol
supplemented 3.81 +£0.23% 4.05+0.13° 3.95+0.19° 4.08£0.14° 4.03 £0.13°
group
Control group 2.84 +£0.28° 2.56+£0.21° 2.50+£0.15° 2.57£0.14° 2.59+£0.13*
Zinc oxide 175 +0.22° 176 = 0.24° 216034 | 2.01+£033® 178 +0.34°
treated group
Manganese
sulphate treat- 1.42+0.11° 1.82+0.18° 2.19+0.15° 1.55+0.14° 1.87+0.10°
CRP ed group
(mg/ml) Copper sul-
phate treated 1.87+0.21° 1.75+0.21° 2.09 +£0.10° 1.98+0.11% 1.93+0.11°
group
a Tocopherol
supplemented 1.71£0.15° 1.77+0.21° 2.19+0.14° 1.76 £0.21° 1.87£0.21°
group
Control group | 41.80 +3.60° 43.80 +3.6° 48.40+ 5.06° 42.00 +2.89° 39.00 +2.53°
Zinc oxide 20204595 | 29.40+401° | 4350+556° | 33.80+1.74% | 33.80+1.74%
treated group
Manganese
. sulphate treat- | 28.20+3.53° 28.80 +2.33" 38.80 +£4.78° 34.60 £2.69 | 34.60+2.69%
Haptoglobin ed group
(mg/dL)
Copper sul-
phate treated | 31.40+2.44® 31.20£2.92° 45.60 £5.27° 30.00 £ 1.58 30.00 + 1.58°
group
a Tocopherol
supplemented 26.60 £ 1.07° 25.00 £2.43° 41.60 +3.29° 27.80 £ 4.34° 27.80 £4.39"
group

Mean with different superscript letters in the same column are significantly different at (P < 0.05).
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Results

The obtained data in our research revealed a
higher increase in L-malondialdhyde (table 1),
H202 (table 2), Nitric oxide, CRP and Hapto-
globin concentration (table 3) within 4 and 2
weeks before parturition, day of parturition, 2
and 4 weeks after parturition. This increase
became decrease after supplementation of zinc
oxide, manganese sulphate, copper sulphate
and o tocopherol to the ration of Holstein—
Friesian cows in comparison with the control
group. But a significant decrease observed in
reduced glutathione concentration (table 1) and
total antioxidant capacity (TAC) concentra-
tions (table 3). This decrease became a signifi-
cant increase after supplementation of zinc ox-
ide, manganese sulphate, copper sulphate and a
tocopherol in the ration of Holstein—Friesian
cows in reduced glutathione, and total anteoxi-
dant capacity (TAC) concentrations, in addi-
tion; a marked significant increase showed ob-
served in glutathione peroxidase, glutathione
reductase, superoxide dismutase and catalase
activities (table 1 and 2) at 4 and 2 weeks be-
fore parturition, day of parturition, 2 and 4
weeks after parturition in compared with the
control.

Discussion

Pregnancy in dairy cows induces oxidative
stress that can be a significant underlying fac-
tor leading to dysfunctional host immune and
inflammatory responses that can increase the
incidence and severity of diseases (Sordillo,
2013). During advanced pregnancy and early
lactation increased demand of micronutrients
do not usually fullfill the resulting deficiencies
occurring due to natural protective substances
or excess exposure to stimulators of “reactive
oxygen metabolites” (ROM), and this might
result in high lipid peroxidation and decreased
level of antioxidant enzymes (Allison and
Laven, 2000).

A higher increase in MDA concentration at late
pregnancy, during parturition and early lacta-
tion in Holstein Frisian cows was considered
the final product of lipid peroxidation and a
marker of oxidative stress. As can be observed
in the (Table 1), a similar pattern was observed
in studies regarding MDA and TAS (total anti-
oxidant status) in dairy cows (Castillo et al.,

2006). The high level of MDA in the first week
after parturition correlates with a low activity
of antioxidant enzymes (SOD, GPx and cata-
lase) (Trevisan, 2001). The recorded signifi-
cant elevation in MDA agree with (Sharma et
al., 2011) who concluded that the oxidative
stress in cows were increased during late preg-
nancy, parturition and initiation of lactation
would be expected to increase the production
of reactive oxygen species (ROS) resulting ox-
idative stress. Lipid hydroperoxides as bi-
omarkers of lipid peroxidation were increase
from calving through early lactation (Castillo
et al., 2005). A similar result was observed by
Castillo et al., (2006) who found that the in-
crease in Malondyaldehyde (MDA) is consid-
ered a marker of oxidative stress. The high lev-
el of MDA in the first week after parturition
correlates with a low activity of antioxidant
enzymes SOD, GPX and catalase (Trevisan,
2001). The concentration of MDA may simply
reflect the total oxidative damage formed in the
rest of the body. Thus, the increase in blood
MDA before during parturition and after calv-
ing because high amounts of free radicals are
conformedby Sharma et al., (2011) who also
reported that a tocopherol supplementation re-
duced oxidative damage and reduce MDA con-
centrations. In addition, Sordillo et al., (2007)
who reported that the Lipid hydroperoxides
increased significantly from the pre-partum,
calving and onset of lactation. On the other
hand, supplementations of zinc oxide, manga-
nese sulphate, copper sulphate and a tocopher-
ol in ration causes a significant decrease in
MDA concentration in comparison with the
non-supplemented animal group. Our results
coincide with Vallee and Falchuk (1993),
who stated that the supplementations of zinc
oxide, manganese sulphate, copper sulphate
and a-tocopherol in ration causes a significant
decrease in MDA concentration. Moreover,
Ohta et al., (2006) concluded that MDA con-
centration was decreased after supplementation
of a tocopherole when compared with the con-
trol group. In addition, Maurya, et al., (2014)
reported that MDA level was lowered in a-
tocopherol and zinc oxide supplementations
and they have an important role in protecting
lipid membranes from attack of reactive oxy-
gen species. The best understood the role of a-
tocopherol is that it acts as a lipid soluble cel-
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lular antioxidant, free radical scavenger and
protects against lipid peroxidation. Bouwstra
et al., (2008) concluded thata-tocopherol sup-
plementation reduces oxidative damage and
MDA production, a-tocopherol considered the
most effective lipid-soluble antioxidant present
in cell membranes; it plays a major role in
maintaining cell membrane integrity by limit-
ing lipid peroxidation by reactive oxygen spe-
cies (ROS) (Lavrovsky et al., 2000). Zn is re-
quired for the formation of Mn-Zn SOD en-
zyme, deficiency of Zn effects on the activity
of SOD in blood and tissues, which results in
increased superoxide radicals hence oxidative
stress takes place (Gaafar et al., 2010). As
confirmed by Kinal ez al., (2005) who attribut-
ed the replacing of the inorganic Cu, manga-
nese (Mn), and Zn pre-calving and during lac-
tation in dairy cows could result in reduction in
superoxide radical. The current data (table 1)
showed a significant decrease in GSH concen-
tration in Holstein—Friesian cows 4 and 2
weeks in group I before parturition, day of par-
turition, 2 and 4 weeks after parturition. Our
data coincide with Aitken et al., (2009) who
mentioned that, blood GSH concentration,
SOD and GPx activity was significantly low-
ered in advanced pregnant cows and early lac-
tating cows. Moreover, reduced availability of
antioxidant defense near the time of parturition
accompanied with an increase of the oxidative
stress which may contributed to per parturient
disorders in dairy cows (Waller, 2000).

However, the blood GSH concentration in ta-
ble (1) was significantly decreased with the
increased lipid peroxidation, therefore, an im-
balance between increased production of ROS
and reduced availability of antioxidant defense
near the time of parturition might increase oxi-
dative stress in dairy cows (Gitto et al., 2002).
Our data confirmed by (Circu and Aw, 2010)
who observed a significant decrease in gluta-
thione reductase activities which indicates a
decrease in the conversion of oxidized glutathi-
one back to its reduced form GSH, which leads
to further reduction of ROS during oxidative
stress.

GPxcatalyse the reduction of inorganic and
organic hydroperoxides, with glutathione as a
reducing equivalent, via GPx action. GR acts

to restore glutathione to its reduced form
(Dandekar et al., 2002). The decreased Gpx
activity contributes to the oxidative defense of
animal tissues by catalyzing the reduction of
hydrogen and lipid peroxides (Halliwell and
Chirico, 1993). Tuzun et al., (2002) suggested
that the reactive oxygen species increased,
while blood SOD and GPx activities started to
decrease as an indicator of oxidative stress im-
mediately after birth. Moreover, our results
coincided with Sharma et al., (2011) who con-
cluded that significant decreases in GPX activ-
ity during advanced pregnancy and early lacta-
tion have been observed a decrease blood GPx
in dairy cows during late pregnancy and early
lactation might be due to as a loss of homeo-
static control in the periparturant period (Adela
et al., 2006). Gpx catalyzes the conversion of
H202 to H20 produced in the course of nor-
mal cellular events and it is also catalyses the
reduction of fatty acid hydroperoxides. moreo-
ver, another GPx in RBCs termed phospholip-
id hydroperoxides glutathione peroxidase par-
ticipate in reduction of more complex phos-
pholipid hydroperoxides using GSH (Festila et
al., 2012). Our results agree with Celi et al.,
(2010) who recorded a decrease of blood GSH-
Px activity in dairy cows during day of calving
and after parturition as a loss of homeostatic
control in the postnatal period, who also re-
ported a reduction in GSH-Px activity could be
supported as increasing postnatal oxidative
stress. SOD is known to be an important factor
in protection against harmful free radical activ-
ity and is considered as the first defense mech-
anism against pro-oxidants. Essential trace
minerals such as zinc, copper and manganese
play a wide role in the antioxidant defense, de-
velopment of the tissue, and immune function
(Elhashmi et al., 2016). The obtained results
demonstrated in (Tables 2 and 3) revealed that,
the reduction in Cu and zn levels could repre-
sent contributing factors for reduction of total
antioxidant capacity (TAC) since they are
members on Cu-zn superoxide dismutase sys-
tem Spears and Weiss (2008) observed that
the decreased activity of SOD may be contrib-
uted to low levels of Cu which has been detect-
ed during pregnancy in dairy cows ration.
(Bernabucci et al., 2005) mentioned that the
higher erythrocyte SOD activity on the day of
parturition indicates higher oxidative stress and
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lower antioxidant status.

The obtained results were in agreement with
those recorded by (Gorecka et al., 2002) who
reported that the oxidative stress during preg-
nancy showed an increase of MDA value and
decrease of TAC level, CAT, and SOD activi-
ties. In addition, Oztabak et al., (2005) report-
ed that plasma CAT activity was lowered dur-
ing late pregnancy. Furthermore, Sharma et
al., (2011) showed that the value of GPx and
SOD activities were decreased in early lacta-
tion and during advanced pregnancy. Moreo-
ver, Festila ef al., (2012) recorded that the de-
creased levels of blood SOD and GPx activities
in cows in advanced gestation and early lacta-
tion. Accordingly, the low blood GPx level at
postpartum was considered an indicator of oxi-
dative stress that occurs when GPx reduces
plasma lipid peroxidation. Immediately after
birth, the reactive oxygen species increased,
while blood GPx value started to decrease.
GPX and SOD activity decreased after parturi-
tion, the antioxidant defense mechanisms pro-
tection decreased. Celi et al., (2010) also es-
tablished a relationship between physiological
changes associated with pregnancy and lacta-
tion periods and a decrease in total antioxidant
capacity (TAC). Reduction in total antioxidant
capacity approaching parturition has been rec-
orded by Liu et al., (2013) who stated that the
value of antioxidant decreases during gestation
period and lactation. who also reported that the
antioxidant supplementation in the diet has
been shown to increase antioxidant capacity in
plasma. Moreover, Turk et al., (2013) found
that the antioxidant capacity in dairy cows de-
creases one week after calving. The obtained
results were in agreement with that recorded by
(Gitto et al., 2002). A relationship between the
physiological changes associated with parturi-
tion and a loss in overall antioxidant potential
was established in dairy cows (Sordillo ez al.,
2007).

Gaafar et al., (2010) recorded that the supple-
mentation of zinc oxide, manganese sulphate,
copper sulphate and o-tocopherol plays an es-
sential role in Superoxide dismutase activties.
SOD catalyzes the dismutation of superoxide
radicals into hydrogen peroxide which de-
grades further to water by GPx and CAT. The

possibility of oxidative stress during the transi-
tion period particularly during parturition may
be a major underlying cause of inflammatory
and immune dysfunction in dairy cattle
(Sordillo and Aitken, 2009). GPx catalyzes
the reduction of organic hydroperoxides, lipid
peroxides, and hydrogen peroxide, using gluta-
thione GSH as the reducing agent, thereby also
protecting cells from oxidative damage result-
ing from normal oxidative metabolism
(Gaafar et al., 2010). Moreover, (LeBlanc et
al. 2002) concluded that, Dietary vitamin E is
important for their ability to contribute ROS
neutralization, thereby blocking the progres-
sion of inflammation and neutralizes free radi-
cals supplementing a-tocopherol in the prepar-
tum period improves the antioxidant status and
decreases inflammatory cytokine production of
dairy cows during the peri and postpartum pe-
riods.

Stress disease and induction of the immune
response increases nutrient requirements. The
supplementation of antioxidant vitamins as o-
tocopherol and antioxidant minerals such as
Zinc and copper in dairy cow's ration is very
important to help the animal recover the oxida-
tive stress in dairy cows (Feng and Xiao,
2015).

SOD activity increases H,O, production, pro-
tection from reactive oxygen would only be
confered by a coordinated increase of catalase
and glutathione peroxidase activities (Sharma
et al., 2011). In support of this conjecture, cat-
alase activity was found to be increased in
cows near parturition and also lower catalase
activity (Maurya, et al., 2014). Who also con-
cluded that a- tocopherol supplementation im-
proves the activities of both SOD and GPx.
Our results coincided with Beckman (1997)
who reported that the prevention of free radical
induced damage to tissues for the maintenance
of health and production superoxide radicals
are reduced to hydrogen peroxide ( H202) by
superoxide dismutase in the presence of copper
and zinc cofactors. An adequate level of cop-
per in food is indispensable for optimization of
immune system, since copper reduces the oc-
currence of development of metabolic and oxi-
dative stress in dairy cows (Cortinhas et al.,
2012).
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Reduction in zinc and copper availability in the
early postpartum period of dairy cows might
explain the reduction of SOD activity
(Muehlenbein ez al., 2011). Who also report-
ed rapidly decline in SOD activity during the
late pregnancy and after calving. Chandra et
al., (2013) an increase in the SOD activity of
vitamin E treated cows before calving to the
day of calving. (Maurya et al., 2014) reported
an increase in the SOD activity of vitamin E
and zinc cows before calving to the day of
calving. In addition, Cu act as a modulator of
the inflammatory process, as an acute-phase
protein which rise in the inflammatory events
(Gropper et al., 2005). In our research the
increased concentration CRP (table 3) con-
firmed by Floegel et al.,, (2011) who stated
that, the significant beneficial effects of vita-
min E supplements on the serum level of CRP,
with somewhat greater reductions achieved on
the serum level of CRP. In addition, Saboori et
al, (2015) found that vitamin E supplementa-
tion may be a good strategy for decreasing in-
flammatory conditions in susceptible people,
although large well designed randomized con-
trolled trials are needed. C-reactive protein
(CRP) is an acute phase reactant protein and a
biomarker for inflammation status. Its serum
level increases during inflammatory conditions
or any stresses. Furthermore, Cooney et al.,
(2008) reported a negative association between
plasma levels of CRP and a-tocopherol, who
also mentioned that a-tocopherol more effec-
tive in lowering serum level of CRP. NO has
an important role in primary defense system
that  eliminate  intracellular  pathogens
(O’Flaherty et al., 2003). Peroxynitrite, a re-
active nitrogen metabolite, derived from oxida-
tion of NO (Beckman et al., 1990). This
means that excessive release of NO results in
oxidative damage (Atakisi et al., 2010). Nazi-
fil et al., (2008) reported an increase in serum
Hp during pregnancy and especially near par-
turition due to cortisol and non-steroid fatty
acids. Haptoglobine was a sensitive marker in
various inflammatory conditions in cattle.
Sabooril et al., (2015) suggested that, supple-
mentation with vitamin E could reduce serum
CRP levels. A relationship between oxidative
stress (lipid peroxidation) and antioxidant sta-
tus was found significantly positive in ad-
vanced pregnant cows (Sharma et al., 2011).

Conclusion

The results obtained in this research showed
dynamic changes in enzymatic antioxidant ca-
pacity of blood serum during transition period
of dairy cows. A significant increase were ob-
served in MDA, H,0,, NO, CRP and HP dur-
ing stress. Moreover, the activities of antioxi-
dant enzymes SOD, GPX, Gr, and CAT are
significantly decreased in period of late preg-
nancy and early lactation. After addition of mi-
cronutrients Zn, Cu, Mn or a- tocopherole dur-
ing times of oxidative stress revealed An in-
crease in SOD, GPX, Gr, and CAT acteveties
GSH concentration, and A significant decrease
were observed in MDA, H,O,, NO, CRP and
HP represents adaptive changes of cows in re-
sponse to oxidative stress. Therefore, if there is
an imbalance between increased production of
ROS and reduced antioxidant capacity close to
the time of parturition may increases oxidative
stress and contribute to disorders in dairy post-
partum cows.
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