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Abstract

This study aimed to measure the ad libitum intake of hydroelectrolytes and energy replenishers containing
different concentrations of sucrose, dextrose, and maltodextrin in six Mangalarga Marchador horses
subjected to gait training. The animals were distributed between three treatments in a 6x3 crossover
design (six animals/three treatments). After exercising, the animals were sent to individual stalls where
they received their respective treatments: Water (control), hydroelectrolytes and energy replenishers
1 (HESI), or hydroelectrolytes and energy replenishers 2 (HES2). The volume ingested and the animal's
serum levels of sodium, potassium, chloride, ionized calcium, magnesium, and phosphorus were measured.
Data were collected at the following times: TO, just before exercising; T1, immediately after exercising;
T2, 2 h after exercising; T4, 4 h after exercising; and T6, 6 h after exercising. The ingested volumes of
HESI and HES2 were similar to those of the control group, demonstrating good palatability. In addition,
no adverse effects were detected.

Keywords: equine, exercise, electrolyte, carbohydrate, sports drink.

Resumo

O presente estudo teve como objetivo aferir o volume ingerido ad libitum de repositores hidroeletroliticos
contendo diferentes concentracoes de sacarose, dextrose e maltodextrina em equinos submetidos ao
treinamento de marcha. Foram utilizados seis equinos Mangalarga Marchador em treinamento de marcha.
Os animais foram distribuidos nos trés tratamentos em sistema cross over 6x3 (seis animais / trés tratamentos).
Ap6s o exercicio os animais eram encaminhados as baias individuais, onde receberam os respectivos
tratamentos: Agua (controle); Repositor Hidroeletrolitico e Energético 1 (HES1) e Repositor Hidroeletrolitico
e Energético 2 (HES2). Foram mensurados o volume espontaneamente ingerido, sédio, potassio, cloreto,
calcioionizado, magnésio e fosforo séricos. As avaliagdes foram realizadas nos tempos: TO: antes do inicio
do exercicio; T1: ap6s o término do exercicio; T2: duas horas apos o exercicio; T4: quatro horas apés o
exercicio e T6: seis horas ap6s o exercicio. O volume ingerido de HESI1 e HES2 foram similares aos do
grupo controle, demonstrando boa palatabilidade, sem ocasionarem o aparecimento de efeitos adversos.

Palavras-chave: equinos, exercicio, eletrolitos, carboidratos, bebida esportiva.
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Ad libitum intake of hydroelectrolytes and energy replenishers in horses subjected to marcha gait training

Introduction

Physical activity in any species generates heat and, in equines, the majority of heat dissipation
occurs through perspiration (Meyer, 1995). Depending on the intensity of the exercise, ambient
temperature, and humidity, losses may exceed 10 Lh' (Hodgson, 2014). Equine sweat is a moderately
hypertonic secretion in relation to plasma, and contains high concentrations of sodium, chloride,
and potassium and lower concentrations of magnesium and calcium (McCutcheon & Geor, 2014).
Sweating in large volumes can therefore lead to homeostatic imbalances.

Fluid and electrolyte replacement can rehydrate the animal; it alleviates the development of
muscular fatigue and raises the rate of glycogenesis, thus contributing to the improvement of the
athletic performance (Lima et al., 2007). There are several studies on the physiological changes
resulting from physical activity in horses, which deal with hematological alterations, hydroelectrolyte
balances, and acid-base equilibriums (Teixeira-Neto et al,, 2004; Wandetley et al,, 2015).

Hydroelectrolyte solutions used for electrolyte replacement in equine athletes should contain
adequate amounts of the major electrolytes lost through sweating, and a source of energy which
can be glucose, dextrose, or maltodextrin (Lindinger & Ecker, 2013). In Brazil, the commercial
products available are pastes containing electrolytes and carbohydrates. It is common practice
to administer these products to equine athletes with the goal of restoring electrolytes lost
during exercise. However, there is no evidence of their effectiveness on animal performance
(Sampieri et al., 2006).

The development of veterinary products for correcting the electrolyte imbalances associated
with physical activity has been carried out empirically, without the use of a controlled design to
certify the real effectiveness of the formulations. In this way, the challenge was set to develop a
rehydrating solution containing electrolytes and energy sources for use during or after exercise,
based on the losses which occur during sporting activities. The proposed electrolyte solution, unlike
commercially available products, has the advantage of spontaneous ingestion by the animals.
The objective of the present study was to measure the ad libitum intake of hydroelectrolytes and
energy replenishers in equines subjected to marcha gait training.

Materials and methods

The experiment was carried out on a farm located in the municipality of Sdo Geraldo, Minas
Gerais, at an altitude of 380 m, latitude -20°92'8712" and longitude -42°7948.89". The temperature
varied from 12 to 31.10C during the experimental period and the relative humidity from 24 to 93%.
Six Mangalarga Marchador horses (three males and three females) were used during the training
phase for gait competition, with ages varying between four and six years, an mean body weight
of 370 kg, and good body scores (Speirs, 1997). All experimental procedures were approved by
the Ethics Committee on Animal Use of the Federal University of Vicosa (CEUA 64/2014).

The animals were kept in an intensive management system and were fed on chopped elephant
grass (Pennisetum purpureum), Tifton hay (Gynodon sp.), and commercial concentrate from a
trough, as well as water and mineral supplements ad /ibitum. On the days of the experiment, the
water troughs were cleaned and dried, and their supply and drainage systems were interrupted.
The feeding remained the same while the mineral supplements were withdrawn, and the water
or hydroelectrolyte and energy replenishers were supplied ad /ibitum in the water troughs of
the stalls.

All the animals were mounted in the morning and trained on a flat dirt track, where they
performed 10 min of walking warm-up followed by 45 min of uninterrupted marcha gait and 5min
of walking for recovery. After training, the animals had their harness removed, were bathed, and
remained exposed for 10 min in the sun to dry. Subsequently, the animals were directed to their
individual stalls where they remained for 6 h (treatment time). During this period the treatments
were offered ad libitum. The content was measured during the experimental phase.

The six animals were randomly assigned to three treatments in a 6x3 cross-over design, with
each animal undergoing all three treatments. The treatments offered to the animals were: water
(the control); **hydroelectrolyte and energy replenisher 1 (HESI, containing sodium chloride,
potassium chloride, sodium citrate, magnesium, calcium, dextrose, maltodextrin, and sucrose;
measured osmolarity = 213 mOsm/L); and **hydroelectrolyte and energy replenisher 2 (HES2,
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containing sodium chloride, potassium phosphate, sodium citrate, magnesium, calcium, dextrose,
maltodextrin, and sucrose; measured osmolarity = 205 mOsm/L). The replenishers offered the
same elements diluted in water, except for potassium chloride in HES1 and potassium phosphate
in HES2, and differed only in the quantity of the other elements. The replenishers and water were
supplied ad libitum in graduated water troughs.

Serum samples for laboratory tests were collected at the following times: TO, immediately
before exercising; T1,immediately after exercising; T2, 2 h after the beginning of treatment; T4,4 h
after the beginning of treatment; and T6, 6 h after the beginning of treatment. Measurements of
the volume of HESI, HES2, and Water ingested ad libitum were made at T2, T4, and T6.

In order to obtain serum for biochemical analyses, blood was collected after antisepsis by
jugular venipuncture, using needles and BD Vacutainer blood collection tubes (Becton & Dickinson
surgical industry Ltd., Brazil), without an anticoagulant. The samples were centrifuged and the
serum aliquots analyzed in an automatic multi-biochemical analyzer (HumaStar 300 - Human;
distributed by In Vitro Diagnostica Ltd., Itabira, Brazil) to determine the magnesium (xylidyl blue
colorimetric method, commercial reagent, Human) and phosphorus (ammonium molybdate
colorimetric method, commercial reagent, Human) content. Two milliliters of blood were
extracted using lithium heparin syringes (Radiometer, Copenhagen, Denmark) to measure the
sodium, potassium, chloride, and ionized calcium in an ABL8O portable analyzer (Radiometer).

The statistical program SAEG 9.1 (SAEG, 2007) was used for analysis and the data were
subjected to the Lilliefors and the Cochran and Bartlett tests to evaluate the normality and
homogeneity of the variances, respectively, as a premise to analysis of variance (ANOVA). Where
the data complied, analysis of variance was performed to evaluate the influences of exercise,
treatments, and time, as well as the interaction between treatments and time. Where the results
were significant, a Tukey test was applied, and where the coefficient of variance was above 15%,
the Duncan test was performed. Where the requirements of normality and homogeneity were
not met, non-parametric analysis was performed with the Kruskal Wallis test. All analyses were
interpreted considering a probability of error of 5% (P<0.05).

Results

Atthe end of gait training, all the animals were tired and sweating. The mean volume ingested
by control animals during the six hours of supply (T2 to T6) was 13.5+5.1 L, whereas the means
of the HES1 and HES2 were 19.2+8.8 and 14.9+2.7 L, respectively (Table 1). Despite the values, no
effect of the treatments or of the treatments over time was detected.

Theresults of the electrolyte concentration are expressed in Table 2. A decrease in the plasma
sodium value at T6 was observed in the animals of the control group when compared to those in
the HESI group (P<0.05). There was a reduction in potassium at T1in the animals of all treatments
(P<0.05). From T2, after two hours of rehydration, there was an increase in potassium valuesin the
animals of all treatments, returning to basal values at T4 and T6. There was a decrease in chloride
in the control group animals at T4 compared to the HESI group animals (P<0.05). The ionized
calcium presented a similar behavior to potassium, with no difference between treatments
(P>0.05). However, when evaluating the treatments during the experimental phase, a reduction
inionized calcium at T1 was observed in the animals of all treatments with a subsequent increase
at T2, T4, and T6 (P<0.05).

Table 1. Mean values and standard deviations of the ingested volumes (L) of water (control) and hydroelectrolytes
and energy replenishers 1 and 2 (HES1 and HES2) by horses undergoing gait training for a duration of one hour.

Time
Treatments
T2 T4 T6 Total
Control 45+34 57+59 36+17 135+51
HES1 42+58 74+6.7 75+19 19.2+88
HES2 52+17 52+49 44430 149427

T2 - two hours after the end of the training; T4 - four hours after training; T6 - six hours after training; Total - mean volume ingested
per animalin each treatment.
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Table 2. Mean values and standard deviations of the electrolytes sodium (mMol L), potassium (mMol L?),
chloride (mMol L"), ionized calcium (mMol L), magnesium (mg dL?), and phosphorus (mg dL?) of healthy
horses before (TO) and after (T1) gait training for one hour and subsequently treated with water (control)
or with hydroelectrolytes and energy replenishers (HES1 and HES2) ad libitum for six hours (T2, T4, T6) in
a 6x3 cross-over design.

Time
Treatments TO T1 T2 T4 T6
Sodium (mMol L?)

Control 139.3+1.00Aa 138.7+1.60Aa 138.8+170Aa 1375+1.00Aa 137.841.20Ba
HES1 139.5+0.80% 139.5+1.00% 140.2+£2.90M 140.0+1.90% 140.2£1.504
HES2 139.2+£1.00% 139.5+0.80 139.7+2.00% 139.0+1.90% 138.8+1.50482

Potassium (mMol L)

Control 4.0+£0.20M 3.5+0.20" 3.6+0.5040 4.0+0.20% 4.0+0.20"
HES1 3.94+0.204 35+010% 3.8+040M 4.0+0.20% 4.0+0.10%
HES2 3.9+0.204® 3.5+0.10% 3.6+£040® 3.9+0.30%® 4.0+0.10%

Chloride (mMol L)

Control 98.0+1414 95.7+1.864 96.8+1.7242 96.5+0.55% 97.241.33%
HESI 98.5+1.38% 975+243% 98.5£1.974 99.242.04% 99.7+2.25%
HES2 98.3+1.37% 97.2£1.60M 98.2+214 97.8+1.8348 98.2+1.944

Ionized Calcium (mMol L)

Control 1.69+0.524 1.53+0.66"° 1.71£0.24% 1730424 1710404
HES1 170+£0.524 1.55+0.73% 1.73+0.78% 1774048 175+0.164
HES2 1.66+043% 1.53+0.86" 1.73+0.80% 173+012% 1.73+0.86"

Magnesium (mg dL?)

Control 3.61+0444 3.57+0.63% 348+040 3.64+0.23% 3.98+041*
HESI 357+0.39% 346+0.344 3.58+0.53% 3.68+0.18% 3.94+0.37%
HES2 346+0.28% 361+0.39% 373+0.384 3.66+0.274 347+0504

Phosphorus (mg dL?)

Control 3.68+049% 348+0.66" 3.87+0.92% 3570474 3.07+048%
HESI 3.57+0.594 348+0.614 3.30+£0.674 3.62+0.3942 3.08+0.5442
HES2 3.68+0.60" 3.32+0.70% 343+0.83" 3.83+067" 323+037%

Mean values and standard deviation followed by different lower case and upper case letters in the same row and column,
respectively, differ statistically from each other (p<0.05) according to the Tukey test (CV<15%) or Duncan test (CV>15%).

The serum magnesium and phosphorus did not show differences between treatments or
within the treatments during the experimental phase (P>0.05).

Discussion

The mean volume ingested by control animals during the six hours of supply (T2 to T6) was
135 L, while the treatments HESI and HES2 had means of 19.2 and 14.9 L, respectively (Table 1).
Although the HESI and HES2 animals consumed a larger volume than the control animals, no
significant differences were detected between the treatments. The similarity in the volumes ingested
between the treatments is an important finding, since it allows us to deduce that the composition
of the solutions was not alimiting factor for its ingestion. Puoli Filho et al. 2007), when comparing
the consumption of water and an isotonic solution containing carbohydrate by horses subjected
to resistance exercises, also did not observe differences between the ingested volumes.
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A fundamental characteristic in the development of a hydroelectrolyte replenisher for
spontaneous ingestion isits palatability, as this can greatly interfere with its consumption, which
would compromise the effectiveness of the product. In humans, when comparing the voluntary
intake of water and hydroelectrolyte replenishers containing carbohydrates, it is usually observed
that the second option is consumed in greater volume (Shirreffs et al., 2005). According to the
authors, this is probably due to the improved palatability of the solution caused by the presence
of carbohydrates. However, this was not observed in the solutions tested in the present study;,
despite the presence of carbohydrates in their composition. However, it must be emphasized
that in addition to carbohydrates, the sports drinks consumed by humans contain palatabilizers,
potentializing their intake. Perhaps the absence of palatabilizers can explain the results obtained in
the present study if the presence of carbohydrates alone in the tested solutions was not sufficient
to obtain the results that were described for the sports drinks. Based on these findings, it can be
inferred that if the tested solutions contained other palatabilizers, the ingested volume could
possibly be superior to that of water (the control).

According to Flaminio & Rush (1998), the amount of sodium lost through sweating is accentuated
and may reach up to 84% of the sodium contained in the plasma, depending on the intensity
and duration of the physical activity. However, since this ion accompanies the water that is lost
in sweat, its plasma values can remain in the normal range, since the sodium and water losses
are equivalent. This statement may explain the absence of a decrease in plasma sodium values
at T1in the animals of the present study (Table 2). Silva et al. (2009) also detected no alteration
in plasma sodium in horses subjected to exercise of submaximal intensity on a treadmill.

The plasma sodium increase at T6 in the HESI group in relation to the control was possibly
caused by the presence of sodium chloride in the solution used in this treatment. The presence of
sodium in sports drinks is essential, as it helps maintain body fluid volume and, in small amounts,
improves water and glucose absorption and plays an important role in muscle contraction and
nerve impulse conduction. The development of post-exercise sports drinks, such as HES1 and
HES2, isimportant for health and performance, as they provide the fastest route to recovery for
animals, as cited by Butudom et al. (2004).

Thereduction of potassium at T1in animals from all three treatment groups (Table 2) indicates
theloss of this electrolyte by sweating due to physical activity, as described by Coelho et al. (2011)
and McCutcheon & Geor (2014). According to these authors, the concentration of potassium in
sweat canreach up to ten times more than in plasma, hence its decrease after exercise. Although
the decrease in post-exercise potassium valuesis a classic finding, Silva et al. (2009) did not detect
any alteration of plasma potassium in equines subjected to exercise of submaximal intensity on
atreadmill. As the decrease of potassium after exercising (T1) was small, although significant, the
rehydration of the animals even with water was sufficient to normalize their potassium values.
In this case, it is likely that the interruption of potassium loss through perspiration at the end of
the physical activity, associated with its decreased excretion by the kidneys through urine, may
have resulted in its normalization (Guyton & Hall, 2011).

The difference observed in the T4 plasma chloride between the control and HESI treatments
was due to the presence of chloride as a component of the HES] electrolyte solution and its absence
in the control (Table 2). This data reinforces the importance of the ingestion of hydroelectrolyte
replacements after exercise, assisting with homeostasis, especially in association with high
intensity exercises or those of long duration, because in these situations the loss of chloride is
more pronounced.

In the overall evaluation of plasma chloride concentration, no significant differences were
detected. This finding was unexpected due to the high concentration of thision, as well as that of
potassium, in equine sweat (McCutcheon & Geor, 2014). Possibly, the intensity and the duration
of the exercise were not enough to generate such an alteration. Silva et al. (2009) detected similar
results to the present research in equines subjected to submaximal exercise on a treadmill.

The reduction of ionized calcium at T1 is due to the use of muscle cells and the loss of sweat
during physical activity, especially when subjected to resistance exercises such as the marcha gait
(Coelhoetal., 2011; McCutcheon & Geor, 2014). Although not found in the animals of the present
study, the metabolic alkalosis caused by aloss of chloride ions can increase the avidity of calcium-
binding proteins by decreasing the plasma concentration of ionized calcium (Deldar et al,, 1982).
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From T2, with the beginning of the rehydration, there was an increase in ionized calcium values
in all treatments, slowly returning to basal values. The return of ionized calcium to basal values
ispossibly due to the end of the physical activity, because this event interrupts the losses caused
by the exercise, restoring its homeostasis.

The absence of any change in the concentrations of serum magnesium was not expected,
since exercise increases the losses of this element through sweat and urine. This demonstrates
that the solutions did not alter the organic homeostasis of this electrolyte and that the intensity
of this exercise may not have been sufficient to cause the changes described in the literature
(Nielsen & Lukaski, 2006). There were also no alterations in phosphorus concentrations in these
animals, keeping them within the reference values for equine species (Carlson & Bruss, 2008).

Conclusion

The volumes of the HES1 and HES2 solutions ingested ad libitum by the animals were similar
to those of the water, demonstrating good palatability of these solutions. Besides that, no adverse
effects were observed. New tests, especially on animals subjected to physical activities that cause
greater losses of water and electrolytes, should be performed to confirm the efficacy of this type
of electrolyte solution in equines.

**HES] and HES2 (Formula protected by patent)
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