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Abstract The combined effects of vitamin E and selenium were studied in native
Anatolian horses subject to strenuous exercise. The concentrations of copper, zinc, iron,
calcium, potassium, and magnesium were determined in serum by atomic absorption
spectrometry in two study groups (n=25 each), one of which served as untreated controls.
After exercising the horses by running 1,500 m in about 7 min, only the copper level and
the copper/zinc ratio significantly increased (p<0.05), but the concentrations of calcium,
potassium, iron, and magnesium remained unchanged. In horses treated with vitamin E and
selenium, the calcium and potassium levels decreased to levels lower than those of
untreated controls before and after exercise. The iron levels were not changed by exercise
or treatment alone but increased when the horses had been supplemented and exercised.
The copper level and the copper/zinc ration increased as a result of exercise in both treated
and untreated horses. These changes suggest that supplementation with vitamin E and
selenium had an important effect on the serum concentrations of calcium, potassium,
copper, iron, and the copper/zinc ratio.
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Introduction

There are still many unanswered questions regarding body composition and performance of
horses. The body composition is directly related to aerobic capacity, a major factor of
athletic performance in running horses.
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Strenuous physical activity is known to induce oxidative stress leading to lipid
peroxidation and tissue damage [1, 2]. It has been shown that appropriate training promotes
the antioxidant defense in horses, thereby increasing its resistance against pro-oxidants [3].
Several studies have shown that oxidative stress in horses can be prevented by means of
adequate supplementation with antioxidants [3-7].

Vitamin E acts as an antioxidant reducing muscle damage and enhancing recovery from
exercise. Thus, in recent years, the feed of performance horses is now supplemented with vitamin
E, which plays an important role in maintaining the integrity of cell membranes [6, 8-11].

As part of proper nutrition, horses need certain trace minerals. Selenium is one of great
importance because it is required for muscle and immune system integrity, among other
things. Thoroughbred horses exhibiting poor performance had lower serum selenium levels
than those that performed well. If selenium is supplied together with vitamin E, it increases
its ability to decrease the negative effects of reactive oxygen species [10, 11].

Copper and zinc are essential for the function of superoxide dismutase as part of the
antioxidant system [13]. The roles of magnesium, iron, zinc, and copper in strenuous
exercise remain controversial. These elements have biochemical functions with the
potential to affect physical performance. They serve as structural or catalytic components
of enzymes and regulators of many physiologic functions. While all horses require major
and trace minerals, their growth, reproduction, lactation and performance determine the
specific requirements [9, 12].

The present study was conducted to investigate the effect that exercise and supplemen-
tation with vitamin E and selenium have on the serum element status of performance horses.

Materials and Methods

Animals

Fifty native Anatolian horses aged 3–5 years from the Ercis Altindere Agricultural
Managing Unit were used for this study. All of the animals were in good health and had no
physical limitations of any kind.

Experimental Design

The horses were divided into two groups each containing 25 horses. One of the groups
served as untreated controls, while all of the animals in the other group received a single
8 ml intramuscular dose of a commercially available combination of 60 mg/ml vitamin E
and 1 mg/ml selenium. To ensure peak effect of the supplements, the horses were exercised
or tested 90 min after the injection.

Exercise Program

The horses were galloped a 1,500 m distance in an average 7 min. Blood samples were
taken from the animals in both groups before and after exercising.

Sampling and Mineral Analysis

The blood samples were taken from the jugular vein and collected in plastic tubes. The
serum was then separated by centrifugation at 3,000 rpm for 10 min, and the serum was
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then appropriately diluted with doubly distilled water and analyzed for mineral content
using a Unicam 929 atomic absorption spectrophotometer (UK), following established
procedures [14, 15].

Statistical Analysis

The results are presented as means±standard deviation, and the statistical analysis was done
using Duncan’s test. The significance level was set at p<0.05.

Results

The results are summarized in Table 1.
The calcium concentration was decreased after exercise in both groups, but the treated

horses had significantly lower levels than those of untreated controls before exercise (p<
0.05).

After exercise, the potassium concentration in the treated group was lower than that of
controls (p<0.05). There were no changes of potassium in the untreated animals before and
after exercise. Vitamin E and Se treatment were increased serum K levels (p<0.05).

The magnesium concentration of the controls was unchanged after exercise. Treatment
alone did not change these levels, but there was a significant increase after exercise (p<0.05).

In the case of iron, supplementation alone did not result in changes of its concentration,
but exercise resulted in a significant increase in both groups (p<0.05).

The copper concentration in the controls increased after exercise. In the experimental
group, the copper level increased after supplementation but significantly decreased after
exercise until they reached the same level as that of non-exercised controls. All of the
differences reported are significant (p<0.05).

Exercise did not change the zinc levels in the controls or experimental animals, but
treatment with selenium and vitamin E resulted in decreased serum zinc levels.
Consequently, the copper/zinc ratio of the controls was lower before than after exercise
and after supplementation. Both the copper level and the copper/zinc level were increased
in the controls after exercise.

Table 1 Major and Trace Elements in Horses Supplemented with Vitamin E and Selenium, Before and After
Strenuous Exercise and Controls

Controls Subjects

BE AE AS ASE

Ca (mg/dl) 24.87±1.49a 21.76±2.24ab 18.94±1.63b 19.71±1.30b

K (mg/dl) 33.37±0.99a 36.74±1.09a 28.93±1.15b 34.74±1.33a

Mg (mg/dl) 2.32±0.06a 2.34±0.09a 2.42±0.12ab 2.68±0.15b

Fe (mg/dl) 0.178±0.012a 0.254±0.021ab 0.216±0.013a 0.274±0.012b

Cu (mg/dl) 0.074±0.003a 0.191±0.019b 0.151±0.023c 0.110±0.009ac

Zn (mg/dl) 0.062±0.002a 0.063±0.003a 0.052±0.003b 0.053±0.004b

Cu/Zn ratio 1.195±0.038a 3.229±0.422b 2.958±0.510b 2.235±0.175b

BE Before exercise, AE after exercise, AS after supplementation, ASE after supplementation and exercise

p<0.05; significant differences between the two groups, before and after exercise. Differences between
means with different small (a,b,c) letters in same line for each parameters are significant (p<0.05). The same
letters in the same parameters means non-significance between groups
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Discussion

Physical activity demands increasing amounts of vitamins and minerals [9]. Along with
vitamin E, selenium is a key part of the antioxidant defense mechanism, acting as free
radical scavengers. In particular, selenium has received a great deal of attention in horse
nutrition in recent years. Positive and significant correlations were found between vitamin E
and glutathione peroxidase, which has selenium as cofactor. There are several reports on the
use of vitamin E and selenium as supplements to increase endurance in horses [2, 6, 7, 16].
Thoroughbred horses undergo significant changes of several antioxidant markers after
training, which are at least partially counterbalanced by antioxidant supplements [4].

In performance horses, calcium is a mineral of primary importance. Physical activity is
known to affect calcium homeostasis in horses of all ages. Increases in bone mineral density
or cortical volume have been reported in young horses [17-19].

Vitamin E prevents bone calcium loss due to increases of oxygen consumption and
production of free radicals [20]. Luo et al. [21] reported that administration of vitamin E in
exercising rats protects the function of skeletal muscle mitochondria. Our observation that
the calcium level significantly decreases after supplementation with vitamin E and selenium
suggests that it prevents excessive bone and muscle calcium loss induced by exercise.

Increases in plasma potassium were seen in trained Arabian horses due to migration of
intracellular ions into the plasma, required to maintain the blood pH during hard exercise.
Electrolyte balance is restored as soon as exercise is stopped [22, 23].

We found significantly lower potassium in sera of the treated horses compared to non-
supplemented controls before and after exercise. This means that the potassium level is
changed by supplementation but not so by exercise, possibly due to changes in the anti- and
pro-oxidant balance caused by selenium and vitamin E.

Magnesium is required in a wide variety of fundamental cellular activities that support
diverse physiologic systems [24]. Gallagher and Stowe [25] found that the serum
magnesium levels were significantly increased after exercise, p<0.01. In the present study,
the magnesium concentration of the controls did not change following exercise.
Supplementation with selenium and vitamin E also resulted in no changes of magnesium
at rest, but the increase following exercise was significant.

Iron is a component of many enzymes involved in the delivery of oxygen to tissues and
the use of oxygen at the cellular and sub-cellular levels. It was reported that strenuous
physical exercise could increase absorption of iron. Exercise increases erythropoiesis and
hence iron turnover [9, 26, 27]. The physiologic changes induced by exercise can mimic
iron deficiency and decrease hemoglobin and ferritin concentrations [28]. In this study, the
iron levels of horses in both study and control groups had changes of their serum iron only
after exercise, suggesting that the element is transported into blood as a result of increased
physical activity.

The copper levels were also changed by exercise. They increased in the untreated
controls as a result of exercise and in the study group as a result of supplementation. After
exercising the supplemented horses, however, the copper level returned to its normal value.
This is consistent with literature reports about significant increases of copper in racing
horses [25, 29, 30]. Also, a positive correlation was found between vitamin E and copper,
possibly due to increases of some copper-dependent enzymes [16].

The importance of zinc is reflected by the numerous functions and activities over which
it exerts a regulatory role. Zinc is also involved in mineralization of cartilage, the process
by which cartilage is replaced by bone [31]. There were marked differences in the mean
serum zinc concentrations in the blood of thoroughbreds housed in different stables [30].
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Some researchers reported significant decreases in the levels of zinc as a result of exercise
[9, 32, 33]. After training, the total plasma zinc had decreased significantly, suggesting a
relative reduction of the circulating exchangeable zinc [32].

In this study, no changes of the zinc levels were seen as a result of exercise in both groups,
but a significant decrease was observed after supplementation with vitamin E and selenium.
The decrease of zinc influences the copper/zinc ratio, which is lower in controls before
exercise when compared to the after-exercise treated horses. Such increases of the copper/
zinc ratio as a result of lower zinc values have been reported in other studies [34, 35].

It can be concluded that supplementation of horses subject to strenuous exercise with
selenium and vitamin E results in relevant changes of their serum levels of major and trace
elements. The results presented here may be used for the adequate nutrition and
supplementation of racing or working horses and, in general, in the search for adequate
dietary vitamin and mineral intakes among physically active individuals.
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