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ABSTRACT 

 

O período de transição em vacas leiteiras aumenta o suprimento de oxigênio aos tecidos e a produção de 

espécies reativas de oxigênio. Junto com o comprometimento do sistema antioxidante, gera estresse 

oxidativo, que pode estar ligado ao desenvolvimento de diversas doenças. Este estudo teve como objetivo 

avaliar o estresse oxidativo em 35 novilhas leiteiras Gir, durante o período periparto. Foram analisados 

ácido úrico, cobre, ferro, zinco, albumina, bilirrubina total, superóxido dismutase (SOD) e glutationa 

peroxidase (GSH-Px). Um modelo linear com distribuição de Poisson foi aplicado usando o procedimento 

GENMOD. A primeira medida (30d antes do parto) foi considerada como referência (T0), e as amostras 

foram coletadas 16 dias antes do parto (T1) e sete (T2), 14 (T3), 28 (T4) e 42 dias pós-parto (T5). Cobre, 

zinco e albumina variaram dentro da faixa de referência, apesar de ter havido aumento no cobre de 45,92% 

no T3. Os níveis de ácido úrico aumentaram durante o período de transição, sem diferença significativa 

até 16 dias pré-parto, quando foi observado aumento de 67,57%, sendo sua maior concentração observada 

em T4. A SOD teve um aumento maior (300%) do que a GSH-Px (36%) no final do período experimental, 

acompanhada por adaptações bioquímicas para garantir uma resposta antioxidante eficaz. Dessa forma, 

pode-se concluir que o período periparto causa estresse oxidativo em novilhas leiteiras Gir. 
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RESUMO 

 

O período de transição em vacas leiteiras aumenta o suprimento de oxigênio aos tecidos e a produção de 

espécies reativas de oxigênio. Junto com o comprometimento do sistema antioxidante, gera estresse 

oxidativo que pode estar ligado ao desenvolvimento de diversas doenças. Este estudo teve como objetivo 

avaliar o estresse oxidativo em 35 novilhas leiteiras Gir durante o período periparto. Foram analisados 

ácido úrico, cobre, ferro, zinco, albumina, bilirrubina total, superóxido dismutase (SOD) e glutationa 

peroxidase (GSH-Px). Um modelo linear com distribuição de Poisson foi aplicado usando o procedimento 

GENMOD. A primeira medida (30d antes do parto) foi considerada como referência (T0) e as amostras 

foram coletadas 16 dias antes do parto (T1) e 7 (T2), 14 (T3), 28 (T4) e 42 dias pós-parto (T5). Cobre, 

zinco e albumina variaram dentro da faixa de referência, apesar de um aumento no cobre de 45,92% no 

T3. Os níveis de ácido úrico aumentaram durante o período de transição, sem diferença significativa até 

16 dias pré-parto, quando foi observado um aumento de 67,57%, sendo sua maior concentração observada 

em T4. A SOD teve um aumento maior (300%) do que GSH-Px (36%) no final do período experimental, 

acompanhada por adaptações bioquímicas para garantir uma resposta antioxidante eficaz. Dessa forma, 

pode-se concluir que o período periparto causa estresse oxidativo em novilhas leiteiras Gir. 
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INTRODUCTION 
 

The transition period of dairy cows is 

characterized by the shift from the dry to the 

lactation period, as well as by homeostatic and 

hormonal changes and metabolic and 

physiological stresses. Therefore, this is a delicate 

period in terms of the productivity, profitability, 

and health of cows (Drackley, 1999; LeBlanc, 

2010). The changes in the physiology of transition 

cows are accompanied by great energy demands 

and the need for increased oxygen supply to 

tissues, with a consequent increase in the 

production of reactive oxygen species (ROS) 

(Drackey, 1999; Lykkesfeldt and Svendsen, 

2007). The increased formation of ROS, along 

with antioxidant system impairment, generates 

cellular or systemic oxidative stress. In livestock, 

oxidative stress can be caused by management 

related conditions, including important situations 

for the welfare and productivity of animals, such 

as environment shifts as well as breastfeeding and 

milking itself that can be associated with stress 

and the disease’s development (Lykkesfeldt and 

Svendsen, 2007). The behavioral changes of 

animals in response to stress are intimately 

linked to the definition of animal welfare since 

the daily handling of animals and how handling 

is done influence their productivity, health and 

behavior (Hötzel et al., 2005). 
 

Biochemical profile analysis is an important tool 

in the laboratory evaluation of animals. This 

profile reflects the physiological situation of the 

individual or herd and assists the veterinarian in 

the interpretation of diseases that can arise from 

metabolic disturbances, individual adaptations, 

morpho functional alterations in organs, stress, 

and other situations that occur during the 

peripartum period (González and Scheffer, 2003). 

Superoxide dismutase (SOD), and glutathione 

peroxidase (GSH-Px) are the main enzymatic 

antioxidant defense systems in the cell (Halliwell, 

1995) while uric acid can bind to copper ions, 

reducing their availability for reactions that 

increase oxidative stress in the body (Einsele et 

al., 1987; Glantzounis et al., 2005). Other ions 

can also participate in the Fenton reaction and 

stimulate free radicals to increase the oxidative 

state. Albumin is well known for buffering many 

reactions and hyperbilirubinemia is associated 

with an increase in antioxidant defenses such as 

SOD and GSH-Px and with a decrease in oxidants 

in several species (Glantzounis et al., 2005). Most 

biochemical panels used to assemble the oxidative 

status as well as the systemic conditions include 

not only antioxidant and liver enzymes, but urea, 

creatinine, protein, albumin, cholesterol and 

triglycerides as performed by Lemos (2015). 

 

The aim of this study was to evaluate oxidative 

stress in Gyr dairy heifers during the peripartum 

period by analysis of biochemical profile and the 

antioxidant enzymes superoxide dismutase 

(SOD), and glutathione peroxidase (GSH-Px). 

 

MATERIAL AND METHODS 

 

The project was approved by the ethics committee 

in animal research/EPAMIG (n. 05/2017). The 

experiment included 35 dairy Gyr heifers during 

the prepartum (30 days before calving) and 

postpartum period (up to 42 days of lactation) and 

was conducted at the Getúlio Vargas 

Experimental Station of Empresa de Pesquisa 

Agropecuária de Minas Gerais (EPAMIG), 

Uberaba, Minas Gerais, Brazil. 

 

All animals in the study were submitted to the 

same feeding management, which consisted of 

rotational grazing on Brachiaria brizantha, 

Marandu cultivar, with 45 days of rest and 4 days 

of occupation during the dry period. Additionally, 

salt-protein supplement was offered in order to 

maintain about 2-3 AU/ha and to obtain a weight 

gain of 250 g/animal/day. About 30 days before 

calving, females started receiving 2kg of 

concentrate and corn silage, as the farm 

management protocol. 

 

During lactation, the animals were milked twice a 

day in a mechanical tandem milking station, with 

a pit and 12 stands. At the time of milking, the calf 

had access to a posterior quarter (left or right) of 

the udder due to the need of the calf’s presence in 

order to favor the milk ejection. The calf was 

separated from the cow immediately after 

milking.  

 

Blood samples were collected by puncture of the 

caudal vein into commercial vacuum tubes with 

heparin and EDTA and without anticoagulant. 

After being separated, the serum was stored for 

latter analysis. This was elected because of the 

similarity to what is most commonly used in field. 

 

Two samples were collected during the 

prepartum period (days 30 and 16). In t h e  

postpartum period, blood samples were collected 
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on days 7, 14, 28 and 42. The times were chosen 

for being the most representative during the 

development of mammary gland and the calf. 

Results from samples obtained from 35 healthy 

Gyr dairy heifers were used as reference range for 

the animals of this study. 
 

The oxidative status was evaluated by 

determining the enzymes glutathione peroxidase 

(GSH-Px) and superoxide dismutase (SOD) in 

erythrocytes pellets according to the 

specifications of the commercial kits used 

(Randox®). Fluorescence readings were obtained 

with a Cobas Mira Plus® analyzer (Roche) and the 

results were normalized to hemoglobin 

concentration. 

 

The tubes without anticoagulant were centrifuged 

at 2000 rpm for 6 min and serum samples were 

separated in duplicate and frozen at -20ºC in 

Eppendorf® microtubes for subsequent 

biochemical analysis. Albumin, uric acid, copper, 

zinc, iron, and total bilirubin were analyzed 

using commercial kits (Biotécnica®) according to 

manufacturer specifications in a semi-automated 

spectrophotometer (Cobas Mira Plus®, Roche). 

All analyses were carried out at the Research 

Support Laboratory (LaPeq) of Departamento 

de Clínica e Cirurgia Veterinárias (DCCV) from 

Universidade Federal de Minas Gerais. 

 

A completely randomized design was applied, 

in which the animals were evaluated at six 

different time points. Normality and 

homoscedasticity of the variables were tested by 

the Kolmogorov-Smirnov and Shapiro-Wilk tests. 

The observed means and standard deviations of 

the analytes (uric acid, copper, iron, zinc, 

albumin, total bilirubin, SOD, and GSH-Px) 

were obtained with PROC MEANS (SAS 9.2, 

2012). The statistical analyses were performed by 

applying a generalized linear model with Poisson 

distribution using the GENMOD procedure (SAS 

9.2, 2012). The LSMEANS option was used to 

obtain estimated means and standard errors. The 

following sampling days were defined: 30 days 

before calving (T1), 16 days before calving (T2), 

7 days postpartum (T3), 14 days postpartum (T4), 

28 days postpartum (T5) and 42 days postpartum 

(T6) The results were submitted to normality tests, 

so that they could be analyzed by ANOVA or by 

the Spearman test. The statistical software used 

was SAS and the significance level adopted was 

95% (p <0.05) for all variables. 

 

In order to better explain and quantitative increase 

or decrease of analytes, a direction calculus was 

done. The behavior also had different 

characteristics, so that the percentages 

(magnitude%) of increase (+) or decrease (-) in 

concentrations or activities were tabulated. 

 

RESULTS 

 

After analysis using the Kolmogorov-Smirnov 

and Shapiro-Wilk tests, no variable was 

considered normal, so the results were submitted 

to the Speraman test for comparison of groups and 

times. 

 

Table 1 shows means±1 standard deviation from 

35  Gyr dairy heifers that were chosen to establish 

the reference range to be compared to the Gyr 

dairy heifers at different sampling times during 

peripartum. This procedure is justified because 

of the lack of references in Zebu animals, 

especially for antioxidative profile analytes. 

 

Table 1. Observed median ± standard error and reference range of the concentration of biochemical analytes 

and antioxidant enzymes in Gyr dairy heifers (n = 35) 

Variable Median ± standard error Reference range 

Biochemical profile 

Albumin (g/L) 31.80±0.28 30.48–33.84 

Uric acid (mmol/L) 16.07±1.64 6.96–26.34 

Total bilirubin (µmol/L) 3.66±0.40 2.22–6.96 

Copper (µmol/L) 101.85±5.92 80.67–150.67 

Iron (µmol/L) 107.40±9.46 57.84–169.80 

Zinc (µmol/L) 15.08±2.85 2.18–35.92 

Antioxidant enzymes 

Superoxide dismutase (U/mL) 76.26±4.07 52.12–100.30 

Glutathione peroxidase (U/L) 744.99±13.44 663.56–822.52 
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Analysis of variance of the biochemical profile 

and antioxidant enzymes indicated a significant 

difference in some analytes between sampling 

times. The estimated means are shown in Table 2 

and Fig. 1. The magnitude and direction (increase 

or decrease) of the variation in the traits analyzed 

at each time point in relation to the first dosage 

are shown in Table 3 in order to better understand 

the clinical relevance. 

 

DISCUSSION 

 

SOD activity increased by 149.52% above the 

upper limit of the reference range established 

for the prepartum period (T0). This increase in 

SOD was progressive, reaching a value that was 

313.3% higher than those observed at T0. GSH-Px 

started to increase at about 16 days prepartum and 

its increase was also progressive, with a 36.45% 

higher average at 42 days postpartum compared 

to T0. The Spearman correlation coefficient of 

55% demonstrates a positive and strong 

association between SOD and GSH-Px, 

confirming that an increase in one enzyme leads 

to an increase in the other. For these two 

enzymes, a significant difference was observed 

between points. In addition, SOD and GSH-Px 

activities were above the range established at T0 

from T1 to T5 and from T2 to T5, respectively. 

This finding reinforces the idea that the increase 

in SOD and GSH-Px activities during the 

peripartum period is an antioxidant response to 

possible oxidative stress according to other 

studies (Bernabucci et al., 2002; Castillo et al., 

2005). Halliwell (1995), postulated that SOD 

and GSH-Px are the main enzymatic antioxidant 

defense systems in the cell. The SOD, for 

example convert superoxide to hydrogen peroxide 

and the latter to other reduced compounds. 

 

Higher SOD activity was observed in the present 

study, with the magnitude of the increase being 

more expressive than GSH-Px, indicating that 

SOD would be a better marker of the antioxidant 

response in Gyr dairy heifers. In contrast, 

Bernabucci et al. (2005) obtained greater 

variations in mean GSH-Px activity when 

comparing the prepartum (650±0.31 IU/L) and 

postpartum (1,610±0.28 IU/L) periods in 

Holstein cows with average body conditions 

cores, indicating GSH-Px as a better marker of the 

antioxidant response. 

 

Table 2. Estimated medians±standard error of the concentration of antioxidative stress analytes in Gyr dairy 

heifers (n=35) at different sampling times during peripartum 

 Time 

Reference range* T1 T2 T3 T4 T5 

Albumin (g/L) 

31.80±0.28C 31.50±0.94B 33.30±0.42BC 34.30±1.46ABC 31.80±0.70A 32.70±1.03AB 

Uric acid (mmol/L) 

16.07±1.64D 21.42±3.63BCD 18.45±2.26BD 29.75±3.57AC 19.93±2.01A 35.70±3.93A 

Total bilirubin (µmol/L) 

3.66±0.40A 3.98±0.43B 2.80±0.24A 2.87±0.31A 4.08±0.37B 2.74±0.26B 

Copper (µmol/L) 

101.85±5.92BC 111.27±7.23A 144.58±10.82B 104.14±3.17BD 121.33±5.71C 99.55±7.30CD 

Iron (µmol/L) 

107.40±9.46A 84.62±53.04A 100.89±17.48A 96.01±63.15A 83.81±46.71A 104.15±5.58A 

Zinc (µmol/L) 

15.08±2.85BC 13.32±1.71D 12.25±1.04CD 18.03±1.24CDE 12.29±1.56BE 26.58±1.00A 

Superoxide dismutase (U/mL) 

76.26±4.07D 239.79±27.68C 216.83±21.75BC 405.93±28.71B 235.90±24.84A 398.98±23.47A 

Glutathione peroxidase (U/L) 

744.99±13.44F 850.81±29.39E 787.60±18.08D 875.78±32.86C 837.36±25.62B 946.13±32.43A 

*Reference range obtained from 35 healthy Gyr dairy heifers. T1: 16 days before calving; T2: 7 days postpartum; T3:14 

days postpartum; T4: 28 days postpartum; T5: 42 days postpartum. Means in the same row followed by different letters 

differ significantly between sampling times (p<0.05).  
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Figure 1. Median values and linear trend of the analytes in T1 (-16), T2 (7), T3 (14), T4 (28), and T5 (42 

days) in relation to the calving date. -30 Represent the result of control animals (reference range for this 

study). 
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Table 3. Magnitude (%) and direction of the variation increase (+) or decrease (-) in mean values of the 

antioxidative status markers in Gyr dairy heifers at different sampling times in the peripartum period 

Time 

Reference 

range 

 T1 

16 days prior partum 

T2 

7 days after 

T3 

14 days after 

T4 

28 days after 

T5 

42 days after 

% Variation 

Albumin 

32.16  3.54+ 2.05+ 4.29+ 15.73+ 6.84+ 

Uric acid 

16.65  23.72+ 30.93+ 67.57+ 8 8.47+ 107.57+ 

Total bilirubin 

4.59  32.97- 4.15- 0.43+ 25.55- 29.91- 

Copper 

115.67  45.92+ 7.94+ 7.29+ 6.99- 8.76- 

Iron 

113.82  12.15- 5.68- 19.99+ 29.75+ 9.57+ 

Zinc 

19.05  32.91- 21.73- 13.44- 2.79- 29.3+ 

Superoxide dismutase 

76.21  228.39+ 264.61+ 318.79+ 454.69+  443.94+ 

Glutathione peroxidase 

743.09  7.62+ 15.31+ 22.61+ 28.09+ 36.45+ 

+ and – indicate the direction of variation, i.e., increase or decrease in relation to the 30 days prepartum. 

 

The increase in uric acid showed a linear and 

positive statistical trend during the transition 

period, with no significant difference (p>0.05) in 

levels until approximately 14 days postpartum, 

when an increase of 67.57% in this metabolite 

was observed compared to T0. The mean uric 

acid concentrations during late puerperium (after 

postpartum day 2) differed (p<0.05) from those 

found during prepartum and early puerperium 

(up to postpartum day 7). An increase of up to 

107.57% in this concentration was observed at 42 

days postpartum. Uric acid can bind to copper 

ions, reducing their availability for reactions that 

increase oxidative stress in the body (Einsele et 

al., 1987; Glantzounis et al., 2005). This fact 

might explain the inverse trend between uric acid 

and copper in this experiment, with copper 

decreasing during the postpartum period, 

although Spearman’s correlation coefficient 

between these analytes was practically zero. The 

trend of uric acid characterized by different means 

after postpartum day 14 may have been 

influenced by the proximity of peak lactation, 

which is close to 28 days in the Gyr breed, or by 

increased dry matter intake with advancing 

lactation. The correlation coefficient between uric 

acid and SOD was 0.26 (p=0.0001), supporting 

the interpretation that the increase in one analyte 

leads to an increase in the other and both 

participate in the antioxidant process. 

Analysis of copper, except for the mean obtained 

at T1 (16 days prepartum), showed that the 

values remained within the reference range given 

by the mean and standard deviation at T0 (80.67 

to 150.67µg/dL), and the range reported in the 

literature of 63 to 140µg/dL (Kaneko et al., 2008). 

There was an increase of 45.92% in mean copper 

content at T1 (16 days prepartum) compared to T0 

(115.67µg/dL) and the mean value differed 

significantly compared to the other sampling 

times. 

 

Copper is distributed throughout the body and acts 

as a cofactor of several enzymes. It is rapidly 

consumed during metabolic or enzymatic 

processes, a fact that may explain its decline. 

Hence, copper deficiency, even if marginal, can 

lead to the development of symptoms that affect 

a wide range of tissues. Hypocuprosis would 

therefore be a limiting factor for adequate 

antioxidant activity in the body, as observed in the 

study of Abba et al. (2000) in which 

hypocupremic animals exhibited more 

chromosomal aberrations resulting from the 

lower catalytic activity of SOD/Cu-Zn (SOD1) 

and greater oxidative stress. In the present study 

there was a decrease in cooper concentration 

probably due to the consumption during the 

SOD1 increase activity what could be related to 

this antioxidant response according to Azab et 
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al. (1992) discussed previously. Although of 

low magnitude, the correlation estimate between 

copper and SOD was negative. This finding 

agrees with the decline in this micromineral with 

increasing concentration of the antioxidant 

enzyme. The same correlation was observed 

between copper and GSH-Px. 

 

The iron concentrations remained within 

reference range obtained at T0 (57 to 

169.8µmol/L) and no significant difference was 

observed, indicating the absence of variation in 

this mineral during the study. Kaneko et al. 

(2008) reported an iron reference range of 10.2 

to 29µmol/L for cattle, which is much lower than 

what was found in the current study. Serum iron 

showed the same trend in all animals in the 

experiment, with the observation of high blood 

levels. The elevated serum iron levels may 

indicate the saturation of iron-binding sites on 

transferrin and a consequent increase in 

circulating levels of this mineral, increasing its 

availability for lipid peroxidation and the 

occurrence of oxidative stress. The possible 

causes of the homogenously elevated iron levels 

need to be better elucidated since the animals 

showed no clinical signs of iron intoxication. The 

quantification of bound iron in this study should 

permit a better understanding of iron in the 

oxidative status in the animals. 

 

The concentrations of zinc varied but remained 

within the range established at T0 (2.18 to 

35.92µmol/L), with a trend towards an increase. 

Statistical analysis showed differences in average 

levels by postpartum day 28 when compared to 

T1, T2 and T3. The mean zinc concentration 

was 29.3% higher at 42 days postpartum 

compared to T0. Zinc requirements are probably 

higher during the reproductive phase of animals 

compared to other phases since this element 

participates in various processes such as 

reproduction, fetal growth, milk production, 

formation of antioxidant enzymes, DNA 

stabilization, hormone receptors, and 

immunological activities. Although there are 

many causes that could explain the increase in 

serum zinc levels, the animals in this experiment 

did not experience major complications such as 

infections, intoxication or feed deprivation. Thus, 

the trend of this mineral suggests that higher 

serum zinc levels, accompanied by an increase in 

antioxidant enzymes, act together to ensure a 

satisfactory antioxidant response, in agreement 

with Powell (2000) and Koury (2003). 

 

Albumin concentrations were between 32.16 and 

37.22g/L at  some  time  points,  i.e., within the 

reference range reported in the literature for this 

species (27 to 38g/L) (Gonzáles and Silva, 2006; 

Kaneko et al., 2008; Saut, 2008) and also within 

the baseline range (T0) of this experiment. Higher 

albumin concentrations were observed at 28 days 

postpartum. Similarly, Fagliari et al. (1998) 

obtained albumin concentrations of 32.8 and 

33.9g/L at calving and 30 days postpartum, 

respectively. As observed in this study, Contreras 

(2000) reported lower albumin concentrations at 

the beginning of lactation, probably because the 

amino acid demand for milk protein synthesis. 

Hypoalbuminemia may also be present by others 

causes as the acute inflammatory response. 

Albumin was positively correlated with SOD and 

zinc (31% and 22%, respectively). 

 

Since the concentration of albumin remained 

within the physiological limits established for the 

species throughout the experimental period, the 

causes of its variation are probably related to 

small physiological alterations or alterations in 

animal management, such as dietary changes, 

differences in temperature between time points, 

and variations in water availability, as postulated 

by other authors (Contreras, 2000; Thrall, 2006). 

However, it cannot be ruled out that the increase 

in albumin is due to its participation in the 

antioxidant defense. 

 

Serum total bilirubin tended to decrease during 

the transition period. There was a significant 

difference between the values observed during the 

first 14 days postpartum and those obtained at 28 

days postpartum, although they remained within 

the reference range established at T0 (2.22 to 

6.96µmol/L). Opposite result was reported by 

Lemos (2015) who observed an increase in total 

bilirubin from the prepartum to the postpartum 

period. Hyperbilirubinemia is known to be 

associated with an increase of antioxidant 

defenses such as the increase in SOD and GSH-

Px and with a decrease of oxidants in several 

species. Although there was no significant 

correlation between total bilirubin and albumin, 

the result expected in this study would be an 

increase during the postpartum period. A 

correlation was observed between total bilirubin 

and copper which, although of medium 
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magnitude, was positive (0.30; p<0.0001), 

supporting the decreasing trend of the analyte 

found. 

 

The present results demonstrate that the minerals 

and metabolites analyzed work together with the 

increased in the activities of antioxidative 

enzymes to ensure a response to the oxidative 

imbalance generated. The periods of pregnancy, 

calving and milk production are characterized by 

dynamic changes in the body that increase oxygen 

consumption and alter the use of energy by 

different systems. In addition to the increased 

ROS production and the larger number of 

macrophages in the placenta during pregnancy, 

animals can develop nutritional imbalances, with 

these factors favoring oxidative stress. In this 

case, in addition to cellular respiration, the 

damage to tissues and organs is the result of 

immune reactions that contribute to the formation 

of ROS in the body (Lykkesfeldt and Svendsen, 

2007). In dairy Gyr cattle, uterine involution 

occurs at about 29 days postpartum (González 

Sanchéz et al., 1999). In the present study, this 

period was characterized by the greatest 

alterations in enzyme activity, with an increase of 

about 300% in SOD and of 36% in GSH-Px at the 

end of the experimental period, accompanied by 

biochemical adaptations to ensure an effective 

antioxidant response. 

 

In addition to these results, the use of a 

homogenous sample group permitted to establish, 

for the first time, a reference range for different 

biochemical analytes that are involved in the 

antioxidant profile, as well as for the activities of 

SOD and GSH-Px. These data can be used in 

future studies for interpretation on Gyr cattle. 

 

Considering the conditions of this experiment, can 

be concluded that the peripartum period causes 

oxidative stress in Gyr dairy heifers, which 

respond with an increase in enzymatic 

antioxidant activity and important changes in the 

homeostasis. 
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