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Abstract

The objective of this article is to discuss the effect of selenium and vitamin E supplementation on the activity of erythrocyte superoxide
dismutase and zinc (Zn) and copper (Cu) blood concentrations in moderately exercised horses. Exercise changes a horse’s physiology and
metabolism, depending on its intensity and duration, and the animal training. The reactive oxygen species produced during physical activity
could provoke oxidative damages to biomolecules (lipids, proteins, nucleic acids). The first enzymatic antioxidant of red-blood cells is cytosolic
superoxide dismutase (SOD) which dismutes superoxide anion (0,-) to hydrogen peroxide. SOD contains zinc (Zn) and copper (Cu). Selenium (Se)
and vitamin E hinder oxidative harm, but more research is needed to understand their antioxidant effect during exercise. We concluded that Se
and vitamin E are powerful antioxidants, which did not affect erythrocyte SOD activity, and Zn and Cu blood concentrations; however, they were
strongly modified by physical activity, results that would imply that moderate exercise also causes oxidative stress.
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Introduction

Exercise changes a horse’s physiology and metabolism,
depending on its intensity and duration, and the animal’s
capabilities and training, but changes due to moderate exercise
have scarcely been studied in horses. Depending on the
intensity, duration, and type of exercise, the reactive oxygen
species produced could provoke oxidative stress [1]. Cytosolic
superoxide dismutase (SOD) is the first enzymatic antioxidant of
red-blood cells; it dismutes superoxide anion (02-) to hydrogen
peroxide and it contains zinc (Zn) and copper (Cu). Selenium
(Se) and vitamin E (E) hinder oxidative harm, but more research
is needed to understand their antioxidant effect during exercise.
The aim of this article is to briefly discuss the effect of selenium
and vitamin E supplementation (synthetic vitamin E form) on
the activity of erythrocyte superoxide dismutase and zinc (Zn)
and copper (Cu) blood concentrations in moderately exercised
horses.

Erythrocyte Superoxide Dismutase Activity

SOD (EC 1.15.1.1) is necessary to maintain life in aerobic
conditions [2]; two types of SOD have been identified in
mammals: 1) Manganese-SOD (MnSOD) located mainly into the
mitochondrial matrix; 2) CuZnSOD located mainly in the cytosol
[3]. Each monomer of cytoplasmic SOD contains one atom of each

Cu and Zn [4]. SOD dismutes the superoxide anion to hydrogen
peroxide and molecular oxygen [5]. In the absence of SOD, the
superoxide anion can generate hydroxyl radicals, and trigger
lipid peroxidation. Both, the diet and other environmental
conditions influence the activity of CuZnSOD and MnSOD,
enzymes that increase their activity under conditions that favor
the production of superoxide radicals. It has been consigned, that
Se and vitamin E supplementation affect physical performance
[6]. However, physical activity increases the activity of the SOD
[6,7]; this factimplies an increase in the production of superoxide
anion. In jumping competitions performed in tropical conditions,
where horses were not supplemented with antioxidants, it was
observed that the activity of erythrocyte SOD increased 1.59
times 24 h after the event; this increase was explained in terms
of the oxidants generated [8]. On the other hand, in elite cyclists
it was observed that after two months of supplementation with
vitamins E (400mg / day) and C (500mg / day), serum SOD
activity decreased (from 14.60 to 13.24 U / mg protein) [9]. In
another study in equines [10], the erythrocyte activity of SOD
was not affected by physical exercise, when Se and vitamin
E were applied. De Moffarts et al. [1] reported that in horses
supplemented with Se, the use of the glutathione peroxidase
system (main antioxidant enzyme of the erythrocyte) seems to
be privileged with respect to SOD; in addition, erythrocyte has a
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superoxide anion pumping system that contributes to decrease
anion concentrations [11].

Zinc and Copper

Zinc is a structural part of different enzymes, including
mono-oxidases; it participates in osteogenesis and reproductive
function, prevents chronic diseases as arteriosclerosis, diabetes
and neurodegenerative disorders. It acts as an antioxidant and
anti-inflammatory [12]; in addition, it reduces DNA damage [13].
Its deficiency causes stomatitis, parakeratosis, rough hair, joint
stiffness, and reproductive disorders. In addition, an increase
in lipoperoxidation markers is observed [14]. Zn performs its
antioxidant function through proteins, such as metallothioneins;
besides being a structural part of the SOD, in relation to copper
[14]. Zn facilitates the neutralization of free radicals [15]. The
dietary recommendations for the horse are 50 mg / kg DM [16].
Zn toxicity is rare, since it has a wide margin of safety in the horse
[17]. Copper helps iron to be incorporated into hemoglobin;
participates in osteogenesis, in pigmentation of the skin and
iris, is an enzymatic cofactor (cytochrome oxidase C, tyrosinase,
monoamine oxidase, ceruloplasmin, and galactosidase). Cu takes
part of non-enzymatic proteins (erythrocuprein, hepatocuprein,
brain cuprein, milk protein), besides it participates in gene
expression.

The deficiency of Cudecreases the effectivenessoftheimmune
system, causes anemia, fractures, achromotrichia, ataxia, spastic
paralysis, severe incoordination, brain damage, alteration in the
function of the respiratory chain. In humans, Cu has occasionally
been associated with cardio-metabolic alterations, such as
insulin resistance and diabetes, associated with obesity. Its main
role as an antioxidant is its participation in the structure of SOD
[18]. In the horse, dietary recommendations for Cu are 10 mg
/ kg DM [16]; with significant tolerance to dietary copper, until
250mg / kg of food [17]. The effect of physical activity on blood
concentrations of Zn and Cu is controversial. Some authors do not
report it [1] when antioxidants are supplemented (ascorbic acid,
11.5, a-tocopherol, 7.0, R-carotene, 0.5, Cu, 0.187, Zn, 0.769, g /
day; 7.0 mg / day) in the diet. Other authors mention that blood
Zn and Cu are not affected by race, gender, age or discipline [19].
In Anatolian horses an increase of Cuand Zn has been reported in
animals that were not supplemented with Se and vitamin E [20].
We supplemented horses with both Se and vitamin E to studied
erythrocyte SOD activity and Cu and Zn blood concentrations;
our results just showed an effect of moderate exercise on the
studied variables.

Conclusion

Selenium and vitamin E supplementation effect on
erythrocyte SOD activity or Zn and Cu blood concentrations
remains controversial. However, those variables are affected by
moderate physical activity, results that could imply that moderate
exercise also causes oxidative stress; in this case Se and vitamin

E supplementation could benefit moderately exercised horses.
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