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Abstract 

 

During the transition period dairy cattle are more susceptible to disease because many aspects of the immune system are 

altered by uncontrolled inflammation, a condition that has as a cause the metabolic adaptation of the cows. 

Inflammation and oxidative stress are interlinked, and contribute to the evolution of reproduction diseases of dairy 

cows. Our review highlights to light scientific data on oxidative stress and reproductive disorders in dairy cows. The 

information collected is significant for animal welfare and reproduction, and it will create the foundation for future 

research on the connection between oxidative stress, reproductive diseases, and nutrition in cows. 
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 INTRODUCTION 

 Since dairy cows use large reserves of 

glucose for the synthesis of lactose in milk during 

the approximately six-week transition period - 

three weeks prior to and three weeks following 

calving it is important to understand the 

relationship between oxidative stress and 

reproduction diseases in these animals. Ruminants 

can produce glucose through a process called 

gluconeogenesis. Propionic acid is one resource 

that is utilized in the production of glucose. 

Adipocytes release non-esterified fatty acids 

(NEFAs) through lipolysis, which is caused by a 

decrease in the secretion of insulin as a result of 

low blood glucose levels (Herdt, 2000). 

Hypoglycemia lowers energy levels and milk 

production. Ketones are another type of metabolite 

that enter the bloodstream as a result of the liver's 

metabolism of fatty acids. The -hydroxybutyrate 

(BHB) is the most prevalent ketonic body and can 

be used to assess the body's spectrum of lipid 

mobilization as well as negative energy balance 

(NEB) (Sordillo and Raphael, 2013). 

Oxidative stress is caused by the generation and 

excessive accumulation of reactive oxygen species 

(ROS) as a result of an imbalance in the 

prooxidants/antioxidants ratio in favor of 

prooxidants. Many pathological conditions, 

including degenerative diseases, cardiovascular 

diseases, immuno-inflammatory lesions, nervous 

system disorders, diabetes, thyroid disorders, 

gastric ulcers, and even viral infections, are linked 

to the state of oxidative stress as a cause in both 

their initial development and progression. From an 

experimental point of view, increased 

concentrations of products that result from the 

oxidative degradation of biomolecules, lipids and 

lipid components, amino acids and proteins, and 

nucleic acids can be observed in the state of 

oxidative stress (Andrei et al., 2014). 

 

 Lipid mobilization and oxidative stress 

 during the transition period 

 

 Studies of Valko et al. (2007) and 

Contreras et al. (2010) provide evidence in favor of 

the theory that a high level of lipid mobilization 

promotes infectious disorders including mastitis 

and metritis. One of the primary causes for the 

immune system's decreased antibacterial activity 

during the start of lactation is lipid metabolism 

(Kimura et al., 1999). Because β-hydroxybutyrate 

affects leukocyte and neutrophil activity, ketosis 

increases the risk of mastitis and other infections in 

cows (Sordillo and Raphael, 2013).  

 Neutrophils and macrophages are 

negatively impacted by decreased glucose 

concentration caused by NEB since they require 

glucose to maintain their antimicrobial activity 

(Suriyasathaporn et al., 2000; Calder et al., 2007; 

Sordillo and Raphael, 2013). O'Boyle et al. (2012) 

state that blood glucose concentration decreases 

during intense lipid mobilization may restrict the 

amount of energy required for immune cell 

populations to function appropriately intended. 
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Other production-related processes, including milk 

synthesis and secretion, may compete with an 

active inflammatory response for limited nutrients 

(Plank and Hill, 2000). One possible explanation 

for the decreased milk production of dairy cows 

during diseases could be the competition for an 

insufficient supply of glucose. Additionally, 

because BHB inhibits leukocyte antimicrobial 

activity, hyperketonemia might negatively impact a 

number of critical immunological systems and 

make transition cows more susceptible to disease 

(Suriyasathaporn et al. 2000). 

 To assess the impact of milk production 

and NEB on various immune parameters pregnant 

dairy cows were mastectomised while maintaining 

the endocrine changes associated with late 

pregnancy and parturition (Kimura et al. 1999; 

Kimura et al. 2002; Nonnecke et al. 2003). The 

mastectomised cows showed extremely low 

increases in NEFA during the periparturient phase 

in comparison to the cows with intact mammary 

glands. Even while immune function in cows that 

had their mastectomies was temporarily reduced 

around calving, lymphocyte and neutrophil 

functions were significantly diminished in cows 

that had their mammary glands eliminated (Kimura 

et al., 1999; Nonnecke et al., 2003). Additional 

study has shown that parturition itself, and the 

resulting alterations in steroid hormone levels, is 

not the primary immunosuppressive component in 

periparturient cows. According to Sordillo and 

Mavangira (2014), the detrimental effect on 

immune cell populations was most likely caused 

by the higher metabolic needs of early lactation. 

 The composition and concentration of free 

fatty acids in the plasma changes during lipid 

mobilization, which is important for immune cell 

activity and particularly for their structure. Thus, 

palmitic acid, stearic acid, and oleic acid constitute 

the majority of free fatty acids during parturition. 

On the other hand, there is a decrease in the 

amount of docosahexaenoic acid (DHA) and 

eicosapentaenoic acid (EPA). During parturition, 

the profile of free fatty acids may impact the cow's 

proinflammatory response (Douglas et al. 2007; 

Contreras et al. 2010; Sordillo and Raphael, 2013).  

 Free fatty acids modulate the inflammatory 

response by influencing the synthesis of 

eicosanoids, lipid mediators. Leukotrienes, 

prostaglandins, thromboxanes, resolvins, lipoxins, 

and proteins are examples of eicosanoids, which 

are largely produced by macrophages and 

endothelial cells. The phospholipids that compose 

the membranes of cells are the source of 

eicosanoids, which are produced from omega-3 

and omega-6 polyunsaturated fatty acids. ADH and 

AEP are examples of the omega-3 acids that are 

involved in the synthesis of eicosanoids.  Linoleic 

acid and arachidonic acid are examples of omega-6 

acids. These fatty acids are substrates for 

lipoxygenases or cyclooxygenases that oxidize 

substrates enzymatically. While eicosanoids 

derived from omega-3 acids reduce inflammation, 

those derived from omega-6 acids increase the 

inflammatory response (Douglas et al. 2007; 

Serhan, 2009; Contreras et al. 2010; Sordillo and 

Raphael, 2013). 

 Inflammation and oxidative stress interact 

in order to produce chronic inflammation. Through 

the activity of reactive oxygen species (ROS), 

which activate nuclear factor kB and stimulate the 

expression of mediating lipids, oxidative stress 

affects the pathways of the proinflammatory 

response. Oxidative stress is made exacerbated by 

the accumulation of excess ROS in the 

mitochondria as a result of TNF-α exposure to 

endothelial cells and macrophages (Sordillo and 

Raphael, 2013). 

 Cows with moderate to severe fatty livers 

showed higher blood amounts of TNF-α, according 

to Ohtsuka et al. (2001). During the first week of 

lactation and the late stages of lactation, TNF-κ 

administrations to cows induced insulin resistance, 

higher liver levels of triglycerides, and elevated 

inflammatory markers, all of which negatively 

impacted the cows' health and the production of 

milk (Yuan et al. 2013; Sordillo and Mavangira, 

2014).  

 Proinflammatory molecules, nitric oxide, 

cytokines and eicosanoids are released during 

inflammation, courtesy to local immune and non-

immune cells of the affected tissue, which 

recognize pathogens through receptors (Sordillo 

and Raphael, 2013). The local endothelium is 

affected by these inflammatory mediators, which 

increase blood volume and facilitate leukocyte 

migration to the infection site. Acute phase 

proteins are released from the liver, tachycardia, 

reduced appetite, and hyperthermia are further 

symptoms of a systemic inflammatory response 

that can be caused by cytokines and eicosanoids. 

The invasive infections are eliminated after the 

inflammatory reaction, the immune system returns 

to normal, and the tissues recover their typical 

morphology and function (Sordillo and Raphael, 

2013). 

 A large amount of additional information 

indicates that an increase in infectious and 

metabolic disorders during the period of transition 

is an indicators of oxidative stress, modified 

energy metabolism, and impaired host defenses 

(Sordillo et al., 2009, Sordillo and Raphael, 2013, 

Sordillo and Mavangira, 2014) 
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 Oxidative stress and reproductive 

 disorders 

 

 Follicular cyst 

 When a mature follicle doesn't ovulation 

and continues to mature for 10 days or more, it can 

develop into a cyst. There are two types of cysts: 

luteinized and follicular cysts. Low levels of 

progesterone and a thin wall are characteristics of 

follicular cysts. Thick walls and elevated levels of 

progesterone are two characteristics of luteinized 

cysts (Douthwaite and Dobson, 2000). 

 Nutritional deficits are the main factor 

causing ovarian follicular cyst formation in the 

early postpartum period. Ovarian follicular cyst 

incidence is associated with the length and/or 

severity of the negative energy balance (Vanholder 

et al., 2006). 

 The ROS level dropped between 36 and 84 

hours after PGF2a was given to a cow with a cystic 

ovary. Conversely, cows with cysts had higher 

levels of antioxidants than other cows with regular 

ovulation. The physiological processes that lead to 

ovulation could have been disturbed by the 

imbalance between oxidants and antioxidants, 

which promotes the development of ovarian cysts 

(Talukder et al., 2014). 

 According to Brodzki et al. (2019), cows 

with luteal cysts displayed higher levels of TNF-α 

and IL-6 than cows with other ovarian structures. 

Moreover, cows with multiple types of ovarian 

cysts have been shown to have elevated levels of 

IL-10. Additionally, both forms of cysts in cows 

were associated with high levels of acute phase 

proteins, haptoglobin [Hp] and serum amyloid A 

[SAA]; however, the concentrations of both 

proteins were higher in cows with follicular cysts. 

Inhibiting the local inflammatory response and 

preventing an autoimmune reaction to the tissues is 

an essential function of the anti-inflammatory 

cytokine IL-10. Leukocyte passage into the ovarian 

follicle, proinflammatory cytokines, chemokines, 

and enzymes actively involved in ovulation are 

released during the preovulatory period since 

ovulation is considered as an inflammatory event. 

IL-10 levels at that point may have an impact on 

immunosuppressive activity and ovulation 

suppression. 

 

 Metritis 

 An infection called metritis can develop in 

a cow's uterus during the postpartum period. 

Typically, this is a gram-negative anaerobic 

bacterial infection caused on by bacteria that 

entered the uterus via iatrogenic means or 

colonized the vagina. It has been demonstrated that 

immunosuppression during the postpartum period, 

starting 1-2 weeks before to calving, predisposes 

cows to metritis. Metritis was shown to be 2.58 

and 4.32 times more prevalent in cows with 

dystocia than in animals who had a normal calving. 

A possible approach in order to counteract this 

prepartum immunosuppression is modifying the 

duodenum's omega-6: omega-3 fatty acid ratio. It 

appears that the functional properties of 

mononuclear cells can be enhanced in multiparous 

cows before calving by raising the n-6 : n-3 ratio. 

Research has indicated that consuming a diet high 

in omega-3 to omega-6 fatty acids (15:1) or more, 

may improve reproductive health during the period 

of lactation (Cargile and Tracy, 2015). 

 In relation to the development of 

postpartum uterine infections in zebu cows, 

Baithalu et al. (2016) noticed changes in peripheral 

concentrations of total antioxidant capacity (TAC), 

malondialdehyde (MDA), and nitric oxide in 

association with the endometrial expression of 

genes encoding antioxidant enzymes. In the 

peripartum period, low serum TAC and high levels 

of MDA and nitric oxide can affect the expression 

of antioxidant genes in the endometrium, 

compromising uterine health and leading to the 

development of postpartum puerperal metritis and 

clinical endometritis in cows. Consequently, 

postpartum uterine infection in cows can occur due 

to the elevated level of oxidative stress during the 

prepartum and postpartum periods as well as 

immediately after calving. 

 According to a study by Kizil et al. (2010), 

there was a decrease in glutathione peroxidase 

(GPx) and catalase (CAT) activity simultaneously 

with an increase in plasma MDA concentration in 

cows with puerperal metritis compared to the 

control group. The amplification of oxidative stress 

during metritis was confirmed by the rise in MDA 

concentrations and the suppression of antioxidant 

enzyme activity.  The group of cows with 

puerperal metritis exhibited significantly lower 

plasma concentrations of vitamin A, E, C, and β-

carotene on an individual level compared with the 

control group. 

 

 Postpartum hypocalcemia 

 Clinical or subclinical hypocalcemia in 

cows during the periparturient period increases the 

incidence of secondary diseases like metritis, 

dystocia, uterine prolapse, and placental retention. 

Hypocalcemia can result from a number of factors, 

including as insufficient calcium in the prepartum 

diet, high dietary phosphorus levels, low 

magnesium levels, and older age.  Fatigue, cold 

extremities, and a weak, quick pulse are the most 

typical symptoms of milk fever that are seen 

during stage 2 of calving. It is thought that the 
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pathognomonic diagnosis of hypocalcemia in cattle 

is serum total calcium of less than 8.0 mg/dL. 

Reducing the amount of calcium consumed prior to 

calving so that the animal's total daily absorption 

of calcium is less than 20 g is the conventional 

strategy for reducing the frequency of 

hypocalcemia. As a result, more calcium is 

reabsorbed from the bone and the production of 

bovine parathyroid hormone is stimulated (Cargile 

and Tracy, 2015). 

 Research indicates that some feed 

management strategies, such as the differentiated 

cation-anion diet (DCAD), which includes 

negatively charged anionic minerals in the diet of 

the cows, can be used to reduce the risks associated 

with calving. Calcium induces a hormonal 

response in the postpartum period, preventing 

calcium insufficiency and preparing the animal for 

a high demand for calcium during this time. The 

ideal time to employ anionic diets is 21 days prior 

to calving, as this leads to a permanent 

mobilization of calcium regulating systems and 

prevent hypocalcemia (Albani et al., 2017). 

  Meyer and Harvey (2004) suggest that 

during calving, oxidative stress occurs in cells due 

to high muscle effort and high calcium demand, 

making the animal more vulnerable to disorder 

such as hypocalcemia, placental retention, and 

postpartum metritis.  

Dairy cows who receive an anionic diet prior to 

calving experience positive health effects. This diet 

generally lowers the generation of free radicals, 

lowers lipid peroxidation during the postpartum 

period, and avoids subclinical hypocalcemia. The 

constant increase in sulfur and chlorine 

concentrations, as well as the decrease in 

potassium and sodium levels during the last three 

weeks of gestation, are evidence of the effects of 

anionic diets, which may significantly reduce 

hypocalcemia in cows. The DCAD diet, which 

results in a slower decrease in calcium and a faster 

mobilization of it, is the source of the appearance 

of a faster calcium homeostasis (Peacock, 2010). 

The total levels of protein, albumin, globulin, 

cholesterol, triglycerides, urea, aspartate 

aminotransferase (ASAT), alanine 

aminotransferase (ALAT), and gamma-glutamyl-

transferase (GGT) were not significantly affected 

by the anionic diet. However, during the transition 

period, the majority of these variables exhibited 

modifications. These modifications occurred 

because the body needs a lot of nutrients at this 

precise moment in order to produce colostrum and 

milk (Albani et al., 2017).  

 

 

 

 Fetal membrane retention 

 The main cause of fetal membrane 

retention is the fetal cotyledon's villi failing to 

separate from the mother crypts of the caruncle. 

The process of separation ends approximately eight 

hours post calving, depending on the animal's age 

and parity. In general, between 0.5–12 hours after 

calving, all components of the allantochorion and 

amniosis should be removed (Peter, 2015). 

 Placental retention can be caused by a 

number of conditions, including dystocia, 

malnutrition, higher parity, and hormonal defects. 

Furthermore, a lack of certain vitamins and 

minerals may result in placental retention. The 

deficiency of microelements and the negative 

energy balance indicate synergism regarding the 

oxidative stress during the prepartum phase. In 

addition, the increased metabolic requirements of 

late pregnancy, calving, and lactation may 

exacerbate the generation and the accumulation of 

ROS (Elsayed et al., 2020). 

 The naturally detached and retained 

placenta exhibited altered antioxidant enzyme 

activity shortly after parturition, particularly for the 

enzymes GPx, superoxide dismutase (SOD), 

glutathione transferase (GSH-Tr), and catalase 

(CAT), Additionally, lipid peroxidation was shown 

to be higher in the placental tissues of cows with 

retained fetal membranes than in control cows. 

This was demonstrated by the accumulation of 

conjugated dienes, hydroperoxides, and MDA. 

Formylokinurenine and bityrosine levels, two 

indicators of the intensity of protein oxidation 

processes, were higher in cows with placental 

retention than in those that had the placenta 

eliminated. The parameter used to determine the 

extent of DNA oxidation, hydroxyguanine (8OH-

dG), was shown to be higher in cows with retained 

placenta.  (Kankofer et al., 1996; Kankofer, 2001a; 

Kankofer, 2001b; Kankofer, 2001c; Kankofer, 

2002). 

 Data from the literature indicated that there 

was a distinct pattern during time for cows with 

and without placental retention when it came to 

total antioxidant capacity and vitamin A. In 

general, only cows without placental retention 

exhibited the prepartum increase in total 

antioxidant capacity, and those animals' values 

were slightly greater after parturition and one week 

after delivery than those from cows with placental 

retention. The placental tissue's total antioxidant 

capacity (TAC) was determined right after 

delivery. Compared to healthy cows, the tissues of 

cows with placental retention exhibited higher 

levels of TAC. Compared to cows without 

placental retention, cows with placental retention 

showed lower concentrations of vitamin C and 
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SOD, but higher levels of GPx and CAT activities. 

The decreased values for TAC in the blood of 

placental retention-affected cows may point to a 

redistribution of the total antioxidant capacity in 

the placental tissue of these cows (Kankofer et. al, 

2010). 

 Vitamin A levels have been demonstrated 

to increase antepartum and then decrease after one 

week in cows without placental retention. The 

vitamin A content in cows with placental retention 

remained unchanged. Retinol concentrations have 

been shown to be reduced in postpartum non-

retentive cows than in placental retained cows. The 

different time variations in TAC and Vitamin A in 

cows with and without retained fetal membranes 

may indicate that the latter require more 

antioxidants in order to deal with specific oxidative 

stress in the placenta, which may have an impact 

on the placental membranes' proper release 

(Kankofer et. al, 2010). 

  

CONCLUSION 

 The scientific literature regarding 

oxidative stress and reproductive diseases in dairy 

cows has been highlighted by our review. We 

believe this information is significant because it is 

applicable to the areas of animal welfare and 

reproduction, and it will serve as a basis for future 

studies that investigate the relationship between 

oxidative stress, reproduction diseases, and 

nutrition in the same group of cows. 
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