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ABSTRACT

The study aims to assess the relation between oxidative stress, antioxidant activity
and postparturient hemoglobinuria on 70 hemoglobinuria and 30 apparently
healthy buffaloes. Blood and serum samples were collected and tested for various
parameters of oxidative stress and antioxidant enzymes. Significant increase in
erythrocytic MDA (malondialdehyde) whereas significant decrease in serum
inorganic phosphorus, copper (Cu), selenium (Se), erythrocytic SOD (superoxide
dismutase), GPX (glutathione peroxidase) and GG6PD (glucose-6-phosphate
dehydrogenase). According to these results, there was increase in oxidative stress
indicator while antioxidant enzymes activities dramatically decreased in
postparturient hemoglobinuria (PPH) affected buffaloes. It was concluded that
there is relation between oxidative stress, antioxidant activity and PPH in
buffaloes.
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1. INTRODUCTION

Phosphorous (P) is an essential mineral that is involved in various biological
functions such as energy metabolism pathways, DNA and RNA synthesis, bone
formation and cell signaling (Hill et al., 2008). Oxidative phosphorylation, oxygen
delivery, glycolysis, and maintenance of cellular structural integrity are among the
processes that require P (Grunberg, 2008). Copper is a cofactor of several
metalloenzymes such as SOD which play vital role in the prevention of oxidative
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tissue damage (Minatel and Carfagnini, 2002). Copper deficiency is also an
etiological factor of PPH, as its deficiency reduces the activity of the copper
containing enzyme, superoxide dismutase, which is part of the erythrocyte
protection mechanism against oxidative stress (Heuer and Bode, 1998). Oxidative
stress occurs due to the diminished capacity of antioxidant defence of the body
and/or increased production of free radicals such as reactive oxygen species and/ or
reactive nitrogen species (ROS/RNS) (Santra et al., 2000). Oxidative stress as it
Is not a classical disease, does not exhibit a specific clinical picture. It has been
observed that during the transition period ruminant can experience oxidative stress
which may contribute to periparturient disorders and may be associated with
metabolic diseases (Ronchi et al., 2000). Oxidative stress plays a key role in the
onset or progression of numerous animal diseases. Ruminant undergo this
deleterious process mainly during the peripartal period. The period of transition
between late pregnancy and early lactation is associated with lipid and protein
metabolic changes (Castillo et al., 2006). In postparturient hemoglobinuria
affected buffaloes, markers of oxidative stress enhanced while antioxidant
enzymes activity decreased (Chugh et al., 2000).

Therefore, this work aimed to evaluate the relation between oxidative stress,
antioxidant enzymes activity and postparturient hemoglobinuria.

2. MATERIAL AND METHODS

2.1.  Animals
Seventy buffaloes suffering from PPH were randomly selected from field
cases in many localities in province of El-galyubia during spring (season of
berseem feeding) from 2016 to 2018, 30 clinically healthy buffaloes of
similar description from the same areas were included for case control study.
Animals of the study were feeding on stall fed, and berseem.
Hemoglobinuria is the most characteristic clinical sign based on it the
disease was clinically diagnosed during advanced pregnancy or early
lactation. Diseases that clinically characterized by a reddish discoloration of
urine, such as babesiosis, leptospirosis, and bacillary hemoglobinuria, were
excluded by laboratory tests.

2.2. Samples



Blood samples were collected from jugular vein according to (Kelly, 1984).
2.2.1. Serum samples:

Blood sample was taken by allowing about 5 ml of blood to flow freely and gently
over the inner surface of a clean and dry centrifuge tube. The samples were
allowed to clot in slanting position at room temperature for about 2 hours then the
samples were centrifuged at 3000 rpm for 10 minutes, the clear sera were aspirated
carefully and transferred into clear dry labeled eppendorf tubes and stored at -20-C
till examination. Used for the biochemical determination of serum inorganic
phosphorus, copper and selenium.

2.2.2. Lysate samples:

The blood samples were collected in vacutainer tubes with heparin for
determination of erythrocyte MDA, SOD, G6PD and GPx activities in the lysate.
Erythrocyte lysate was obtained from centrifugation of the blood sample at 1000
rpm for 10 minutes for separation of plasma. The erythrocytes were lysed in 4
times its volume of ice cold HPLC grade water Centrifuged at 10,000 for 15
minutes at 4 °C. Erythrocytes lysate was then collected and stored at -80 °C till

analysis according to (Nishikimi et al., 1972).
2.2.3. Biochemical analysis

The serum samples were used for spectrophotometric determination of Inorganic
phosphorus (Anderson and Cockayne, 1993), copper (Veldman et al., (2000) and
selenium (Brodie, 1977) while the lysate samples were used for determination of
erythrocytic MDA (Esterbauer et al., 1982), Erythrocytic SOD (kakkar et al., 1984),
Erythrocytic GPX (Chiu et al., 1976) and Erythrocytic G6PD (Morelli et al., 1978).

2.2.4. Statistical analysis

The data were statically analyzed using T- test in the study as previously described
by Bailey (2008). We used SPSS version 16 software to conduct this analysis.
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Values were represented as means + standard error (SE). All differences were

considered significantly among groups of the experimental study when P< 0.05.

3. RESULTS

In PPH affected buffaloes, serum inorganic phosphorus, copper, selenium levels
and erythrocytic SOD, GPX, G6PD enzymes activity were significantly (p<0.05)
lower when compared by healthy buffaloes, while MDA level in red blood cells

was significantly (p<0.05) higher than in the healthy ones (Table 1).

4. DISCUSSION

Significant decrease of serum inorganic phosphorus in post parturient
hemoglobinuria affected buffaloes. Our data were agreeable with Dalir-Naghadeh
et al. (2005). PPH mostly affects buffaloes either in advanced pregnancy or in early
lactation with majority of animals are in their 3™ to 6" lactations.
Hypophosphataemia could be attributed to utilization of P for foetal bone
development and its heavy drainage through the milk in high producing animals
maintained on low phosphorus diet. Disease is strongly associated with berseem
feeding in winter season Akhtar et al. (2006).

Oxidative phosphorylation, oxygen delivery, glycolysis, and maintenance of
cellular structural integrity are among the processes that require P (Grinberg,
2008).

In PHH, red blood cells were lysed most probably due to their exposure to altered
function and structure, a loss of normal deformability and an increase on fragility
due to impaired glycolysis and ATP synthesis Bhikane et al. (2011).

Serum copper and selenium levels in PPH affected buffaloes were significantly
lower than healthy ones. These data were agreeable with Akhtar et al. (2007).

Minerals are involved in tissue defense mechanisms against free radical damage to
biological systems. Several metalloenzymes, which include glutathione peroxidase



(Se), catalase (Fe), and superoxide dismutase (Cu), are also critical in protecting
the internal constituents from oxidative damage Han et al. (2006).

Lower the erythrocytic SOD, GPX and G6PD enzymes activity in PHH affected
buffaloes. These findings are come in accordance with Gahlawat (1998), Singh et
al. (2005) and Khan and Akhtar (2007).

Antioxidants may act by scavenging the radicals directly and sustaining the activity
of antioxidant enzymes or inhibiting the activity of oxidizing enzymes Dedra et al.
(2004).

Antioxidant enzymes such as SOD and GPX had been an important role in
evaluating of oxidative stress Kleczkowski et al. (2003).

SOD and GPX enzymes represent the major antioxidant defence components in
protecting the cells against increased ROS. Superoxide dismutase catalysis the
dismutation of superoxide radical to hydrogen peroxide which is further
metabolized to water by GPX enzyme Bernabucci et al. (2005).

Parturient hemoglobinuria (PHU) affected buffaloes usually suffer from severe
anemia and hypophosphatemia and erythrocytes with significantly reduced G6PD
are prone to hemolysis leading to hemoglobinuria in buffaloes Akhtar et al. (2007).

G6PD, the principal source of NADPH, serves as an antioxidant enzyme to
modulate nitric oxide synthase activity. Deficient G6PD activity is associated with
increased endothelial cell oxidant stress. G6PD, the first and rate-limiting enzyme
of the pentose phosphate pathway, catalyzes the synthesis of riboses for nucleic
acid production and is the principal intracellular source of NADPH. NADPH, in
turn, is used as a reducing equivalent to maintain reduced glutathione stores
(GSH), which are used to scavenge reactive oxygen species (ROS). ROS are
buffered intracellularly by converting GSH to its oxidized form (GSSG) in a
reaction catalyzed by GPX. GSSG is recycled to GSH by glutathione reductase
(GSSG reductase), which requires NADPH as a cofactor Leopold et al. (2003).

The significant decreased values of erythrocytic G6PD activity might be due to the
disturbed glutathione redox system due to an important enzyme in cellular
metabolism in the first and rate-limiting step of pentose-phosphate pathway.
Among the functions of this pathway is the protection of cells from oxidative
stress, through its role in conversion of NADP to NADPH, thereby replenishing
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the levels of reduced glutathione to protect against lipid peroxidation Cappellini
and Fiorelli (2008).

Reactive oxygen species (ROS) are constantly generated by cells and ROS-derived
damage. Protection against oxidative damage largely relies on the reductive power
of NAPDH, whose levels are mostly determined by the enzyme G6PD Nobrega-
Pereira et al. (2016).

Eyrthrocytic MDA level in PPH affected buffaloes was significantly increased.
This finding coincided with Gahlawat et al. (2001) and Sarma et al. (2014).

Increased MDA concentration in erythrocytes of ruminant may be an indication of
elevated oxidative stress. High levels of MDA have been associated with the
severity of anemia Asri Rezaei and DalirNaghadeh (2006).

The malondialdehyde (LPO) levels in erythrocytes of haemoglobinuric buffaloes
were significantly increased and lowered levels of reduced glutathione in
erythrocytes of haemoglobinuric buffaloes. Phosphorus deficiency decreases the
glucose utilization rate and ATP production by erythrocytes leading to decrease in
synthesis as well as reduction of glutathione which predisposes the erythrocytes to
adverse effects of oxidants Gahlawat et al. (2007).

5. CONCLUSION

Based on the obtained results of this study, there was relation between
oxidative stress, antioxidant activity and PPH in buffaloes. PPH could be
considered as stress condition on the animals that could alter the oxidative and
antioxidant status.
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Table (1): Biochemical analysis of control and post parturient hemoglobinuria
affected buffaloes (Means + S.E.).

control PPH P value

P mg/dl 5.44+0.21a 2.00+0.06b < 0.001
Copper ug/d 119.35+2.71a 74.00+2.18b | <0.001
Selenium pg/d 21.09+0.46a 14.29+0.38b | < 0.001
MDA nmol/g Hb 37.76+0.84b 90.98+2.18a | <0.001
SOD U/mg Hb 4.14+0.14a 1.19+0.07b < 0.001
GPX U/mg Hb 83.27+1.24a 35.83+1.09b | <0.001
G6PD Ulg Hb 5.34+0.15a 1.41£0.12b < 0.001

-Values with different superscript letters within the same row were statistically
significant at p<0.05.
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