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Abstract: Physical training produces changes in the concentrations of trace mineral elements. Sex
differences in copper (Cu) concentrations in athletes are scarce. The objectives of this study were
(i) to analyze changes in intracellular (erythrocytes and platelets) and extracellular (plasma and
urine) Cu concentrations during a sports season in soccer players and (ii) to analyze sex differences.
A total of 46 soccer players (22 men and 24 women) participated in the study. Three assessments
were performed throughout the sports season. Anthropometry, body composition, nutritional intake,
physical condition, female hormones (menstrual cycle) and hematology were evaluated, as well as Cu
determination (plasma, urine, erythrocytes, and platelets). Regarding longitudinal differences, there
were discrepancies in plasma, urine, absolute erythrocyte, and absolute platelet Cu concentrations
(p < 0.05). There were differences between sexes in Cu concentrations in urine, erythrocytes relative
to cell number and in platelets relative to cell number (p < 0.05). During a sports season, there are
changes in Cu concentrations in soccer players. Likewise, there could be sex differences in urinary,
erythrocyte and platelet Cu concentrations.
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1. Introduction

Copper (Cu) is an essential trace mineral element (TME) in humans present in +1
and +2 states. Therefore, its main function involves oxidation–reduction reactions [1]. Cu
plays an important role as an enzymatic cofactor in cuproenzymes, Cu-dependent oxidases
involved in various reactions [2]. The human body contains about 1.6 mg Cu/kg body
mass with different distributions among tissues, organs, and blood. Bone contains 40%
of body Cu, while muscle tissue contains 23%. With respect to organs, the concentrations
in the kidney, 12 mg/kg; liver, 6 mg/kg and brain, 5 mg/kg, stand out. Blood contains
approximately 6% of total body Cu [3].

Cu is involved in various aspects of energy metabolism. It is an important component
for the synthesis of hemoglobin, myoglobin, cytochromes and peptide hormones [4]. In
addition, it is necessary for the optimal utilization of iron (Fe) [5] and protects against the
formation of reactive oxygen species (ROS) through the action of superoxide dismutase
(SOD) [6]. In relation to the above, ceruloplasmin, a Cu transporter, participates in the
binding of free Cu ions preventing oxidative damage [7].

In situations of high metabolic demand, circulating and cellular TME deficits may
affect athletic performance [8]. Metabolic adaptations to physical training could be mod-
ulated by the nutritional status of TME [9]. It is known that the level of training and the
practice of physical exercise produce changes in Cu concentrations. For example, serum
Cu levels increased by 37.3% in trained and 21.5% in untrained men after a maximal in-
cremental test [10]. However, urinary Cu excretion decreases on rest days compared to
physical training days [11]. Decreases in urinary Cu concentrations have been observed
after a period of training [12].
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