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Abstract

This study aimed to verify the effects of marcha exercise on clinical, hematological, and biochemical
variables in Mangalarga Marchador horses. Twelve Mangalarga Marchador horses were used, six females,
and six males. Each animal was submitted to marcha exercise lasting 40 minutes on hard ground, a training
regimen to which these animals were already conditioned. The animals were assessed before exercise (MO)
and immediately after (M1). Physical examinations were carried out and blood samples were collected
via jugular venipuncture to obtain blood, plasma, and serum for hematological and biochemical profiles.
The marcha training caused changes in the values of all clinical and laboratory variables evaluated. The physical
examinationsrevealed increases in cardiac and respiratory rates, as well as rectal temperatures. An increase
was observed in erythrocyte, hemoglobin, hematocrit, and leukocyte values. The serum concentrations of
electrolytes such as sodium, potassium, chloride, magnesium, and ionic calcium decreased. An increase
in strong ion difference (SID) was observed, likely due to the decrease in chloride concentration causing a
mild metabolic alkalosis. There was an increase in the plasma concentrations of lactate, glucose, creatine
phosphokinase (CK), total protein, and fibrinogen. In conclusion, the marcha causes small changes in the
clinical, hematological, and biochemical profiles of horses previously conditioned to this exercise.

Keywords: clinical biochemistry, equine, exercise physiology, hematology.

Resumo

Este estudo teve como objetivo verificar o efeito do exercicio de marcha sobre variaveis clinicas, hematologicas
e bioquimicas em equinos Mangalarga Marchador. Foram utilizados doze equinos da raca Mangalarga
Marchador, seis fémeas e seis machos. Cada animal foi submetido ao treinamento de marcha com duragao
de 40 minutos em solo duro. Esses animais ja estavam condicionados ao treinamento proposto. Os animais
foram avaliados antes do exercicio (MO) e imediatamente apds seu término (M1). Foram realizados exames
fisicos e colhidas amostras de sangue por venopuncao jugular para obtencao de sangue total, soro e plasma
para realizacdo de andlises hematologicas e bioquimicas em MO e M1. O treinamento de marcha gerou
alteracaonos valores de todas as variaveis clinicas e laboratoriais avaliadas. No exame fisico foram observados
aumentos nas frequéncias cardiacas e respiratéria bem como na temperatura retal. Foi observado aumento
nos valores de eritrocitos, hemoglobina, hematdcrito e leucdcitos. Eletrélitos como sédio, potassio, cloreto,
magnésio e calcioidnico apresentaram diminuicdo na sua concentracdo. Foi observado aumento na diferenca
de ions fortes (DIF) devido a diminuicao da concentracao de cloreto, sendo observado a presenca de uma
alcalose metabdlica discreta. Observou-se aumento nas concentracoes plasmaticas de lactato, glicose, CK,
proteinas totais e fibrinogénio. Como conclusao, a marcha ocasiona pequenas mudancas no perfil clinico,
hematoldgico e bioquimico em equinos previamente condicionados a este exercicio.

Palavras-chave: bioquimica clinica, cavalos, fisiologia do exercicio, hematologia.
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Introduction

Physical training is a stressful condition that can cause important alterations to athlete
homeostasis and can lead to injuries in different tissues, especially the musculoskeletal system.
Thisleads to a decrease in athletic performance, duration of activity, and, consequently, financial
losses for investors (Ferraz et al., 2007).

Because it is an exercise involving submaximal intensity and long duration, marcha training
can induce the onset of dehydration as well as hydroelectrolytic and acid-base imbalances.
These conditions occur mainly due to intense perspiration by the animals during physical activity
(Balarin et al., 2005; Paludo et al., 2002).

The evaluation of physiological and biochemical parameters based on a controlled training
schedule, even during physical activity, allows for more accurate evaluation of the changes
promoted in the body with regard to the conditioning of the animals and the athletic capacity
of each breed, in varied sporting activities (Silva et al., 2015). This evaluation has facilitated the
preparation of training programs to be more technical, which will lead to improvements in the
performance of competition horses.

Experimental studies on jumping, running, and endurance horses have been carried out
to obtain information on the impact of exercise on the homeostasis of these animals. A large
population of Mangalarga Marchador horses exists, and this breed is widely used in marcha
national competition. Therefore, studies on the changes that occur during marcha exercise are
of greatimportance for theimprovement of athletic performance and the prevention of possible
imbalances. We hypothesized that horses in marcha exercise have significant changes in the
homeostasis. Consequently, this study aimed to evaluate the effects of marcha training on clinical,
hematological, and biochemical variables of the Mangalarga Marchador horses.

Material and methods

The experiment was carried out on a property in the municipality of Muriaé - Minas Gerais
(Latitude:-21.1306 and Longitude: -42.3664). Twelve Mangalarga Marchador horses (six non-castrated
males and six non-pregnant females) aged between 3 and 11 years old and with good body scores
condition (Speirs, 1997) were used. The average humidity and ambient temperature on the two
days of data collection were 71% and 88% and 15.5 °C and 21.5 °C, respectively. All experimental
procedures were approved by the Ethics Committee in the use of animals of the Federal University
of Vigosa (CEUA 04/2012).

Each animal was submitted to marcha training for 40 minutes on hard soil, with a 10-minute
warm-up. These animals were already conditioned to this training and were maintained in a
semi-intensive management system. Feeding consisted of diverse pastures of grasses, chopped
elephant grass (Pennisetum purpureum) offered in the trough, Tifton hay (Cynodon sp.), and
concentrate (Ration Soma Equinos 12, Soma Alimentos). Water and mineral supplements
(Gusbiphos Centauro 80%, Guabi Nutrition and Animal Health S.A.) were provided ad libitum.
Clinical evaluations and collections for subsequent laboratory analysis were performed immediately
before (MO) and after exercise (M1).

The clinical evaluation consisted of heart rate, respiratory rate, and rectal temperature
measurements.

Venous blood samples were obtained by puncture of the jugular by means of a vacuum
system. Multiple harvests were collected in silicone tubes containing EDTA-K2 anticoagulant to
perform automated hemogram tests (HumaCaunt Plus, Human); in tubes containing EDTA-K2
and sodium fluoride to obtain plasma for glucose, lactate, total plasma protein, and fibrinogen
analyses; and tubes without anticoagulant to obtain serum for analysis of sodium, potassium,
chloride, magnesium, creatine phosphokinase (CK), and ionized calcium levels. Hematocrit was
determined using the microhematocrit technique (Centrifuge 2410 - FANEM). Plasma protein
and fibrinogen concentrations were determined by refractometry (Refractometer RTP2 - ATC),
with the latter being determined after heat precipitation, as described by Thrall et al. (2015).
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The concentrations of sodium and potassium were determined using flame photometry
(Photometry B462, Micronal). Ionized calcium was quantified using the automatic ion-selective
technique (AVL, Roche). The other biochemical analyses were performed using an automated device
(HumasStar300, Human) with commercial kits, according to the manufacturer's recommendations.

The strong ion difference (SID) was determined based on the following equation, suggested
by Constable (1999):

SID = (Na++ K*) - (cz*) 6]

Data were expressed as mean + standard deviation. The comparison of the means, among the
times studied, was performed using a paired sample Student's #-test. Statistical significance was
assumed at P <0.05 (o = 5%). The statistical package SAEG 9.0 (Universidade Federal de Vicosa,
2007) was used.

Results

At the end of the exercises, all animals showed physical exhaustion, intense sweating, and a
significant increase (P < 0.05) in heart rates, respiratory rates, and rectal temperature (Table 1).
Similar behavior was observed in the blood count variables, which presented significant elevation
(P <0.05) in their values (Table 2). At the end of the exercise (M1) the serum levels of sodium,
potassium, chloride, magnesium, and ionic calcium (Table 3) presented a decrease (P <0.05).
There was an increase (P < 0.05) in plasma concentrations of lactate, glucose, CK, total plasma
protein, and fibrinogen, as well as SID (Table 3).

Table 1. Mean and standard deviations of the heart rate (HR - bpm), respiratory rate (RR - mpm) and rectal
temperature (RT - °C) of Mangalarga Marchador Horses before (MO) and after (M1) marcha exercise, followed
by their respective reference values (RV).

VARIABLE MO M1 RV
HR 435+61° 83.5+185° (28-40)
RR 248+1012 56.3+277° (10-14)
RT 379+0.3 39.8+09° (375-380)

Different letters in the same line differ significantly (P <0.05) between the values of their respective variables. RV = reference values
(Speirs, 1997).

Table 2. Mean and standard deviations of erythrocytes (mm?), hematocrit (%), hemoglobin (g dL?), platelets
(10° uL.*) and leukocytes (mm?) of Mangalarga Marchador Horses before (MO) and after (M1) marcha exercise,
followed by their respective reference values (RV).

VARIABLE MO M1 RV
Erytrocytes 964+11° 1.00+11° 6.8-129
Hematocrit 414+37° 462+37° 32-53
Hemoglobin 140+1.3 150+12° 11.0-190
Platelets 108 £386° 123+373° 100-350
Leukocytes 10,360 £1792.9° 11,840 +2074.6° 5400-14,300

Different letters in the same line differ significantly (P <0.05) between the values of their respective variables. RV = reference values

(Weiss & Wardrop, 2010).

Ribeiro Filho et al. 2018. Brazilian Journal of Veterinary Mediicine, 40, e47418. DOI: 10.29374/2527-2179.bjvm47418

3/8



Clinical and laboratory assessment of Mangalarga Marchador horses submitted to marcha exercise

Table 3. Mean and standard deviations of sodium (mEq L), potassium (mEq L"), chloride (mEq L!), magnesium
(mgdL"),ionized calcium (mmol L'), SID (mmol L), lactate (mg dL"), glucose (mg dL'), creatine phosphokinase
(UL"), total plasma protein (g dL*) and fibrinogen (g dL.*) before (MO) and after (M1) marcha exercise, followed
by their respective reference values (RV).

VARIABLE MO M1 RV
Sodium 1364 +29° 1354+2.8° 132-156
Potassium 413+05? 36+03° 3.0-50
Chloride 969+6.7° 917+19° 99-109
Magnesium 22+03 21+01° 2228
Ionized calcium 16017 15+0.2° 14-17
SID 437+£2.2¢ 473+17° 37-43
Lactate 69+15° 22.8+203° 10-16
Glucose 985+14.6° 1071+134 75-115
CK 3283+93.0* 4025+122.1° 145-380
TPP 62+0.5° 64+05° 6.0-77
Fibrinogen 03+0.22 04+02° 0.2-04

Different letters in the same line differ significantly (P <0.05) between the values of their respective variables. SID = Stron ion difference;
CK = Creatine phosphokinase; TPP = total plasma protein; RV total plasma protein = reference values (Kaneko et al., 2008).

Discussion

The observed changes in heart rate are likely owing to sympathetic neural activity, which,
according to Teixeira-Neto et al. 2004) and Ferraz et al. (2007), is the major factor responsible
for the changes in physiological variables seen during exercise. The same authors observed that
in purebred Arabian horses, the heart rate increased according to the intensity of the exercise.
Merino et al. (1997), Perez et al. (1997), and Silva et al. (2005) obtained results similar to those
of the present study when evaluating the cardiac and respiratory frequencies of horses, before
and immediately after the end of the exercise. Paludo et al. 2002) suggested that an increase
in respiratory rate is one of the first lines of physiological defense when the body is subjected
to thermal stress or physical activity. In addition, the release of catecholamines during exercise
stimulates bronchodilation, increasing respiratory rates, increasing alveolar ventilation (which
favors heat dissipation), and the elimination of excess CO, produced through muscle catabolism
(Merino et al, 1997).

The average increase of 1.9 °C in the rectal temperature of the animals was likely due to the
production of heat resulting from an increase in cellular metabolism for energy production.
These findings corroborate those obtained by McCutcheon & Geor (2000), who observed amean
increase of 2.5 °C in the rectal temperature of horses after exercise; and Merino et al. (1997) also
observed an average increase of 2.0 °C in rectal temperature when studying Chilean traction
horses. Rectal temperature increases considerably in the horse during work of increasing
intensity and duration (Poole & Erickson, 2015), and adjusting it makes it possible to evaluate the
thermoregulatory capacity of these animals when subjected to thermal stress, allowing inferences
tobe made on the dissipation of the excess heat produced (Paludo et al., 2002). In extended tests,
such as endurance, it is common to have intervals during exercise where the animal is cooled
and watered, which decreases the rectal temperature and improves control of other physiological
functions (Brandi et al., 2009). Measurements in the present study were performed prior to any
intervention, such as bathing or watering, which explains the rectal temperature values outside
the reference range.

The observed increase in hemoglobin concentration, in the number of red blood cells and
in hematocrit are associated with two fundamental conditions that are induced by exercise.
The first one is dehydration due to the intense sweating that occurs during physical activity,
resulting in reduced volemia with a relative increase in cellularity (Teixeira-Neto et al,, 2004;
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Ferraz et al,, 2009). The second associated condition is the release of adrenaline, triggered by
arousal during exercise. This hormone acts on the smooth muscle of the spleen, stimulating its
contraction and leading to the release of the red blood cells stored in this organ (Hyyppa et al.,
1996). Adrenaline also stimulates leukocyte migration from the marginal pool, increasing the
number of white blood cells in the circulating pool, which explains the increase in total leukocyte
count (Thrall et al,, 2015). The small increase in the number of platelets may be associated with
the same physiological mechanisms thatinduced changes in white blood cells and erythrocytes.
However, although the increase was significant (P < 0.05), it is not clinically relevant because, as
with the other parameters, the values remained within the reference range.

The decrease observed in serum sodium, potassium, chloride, calcium, and magnesium
concentrations is a result of the loss of electrolytes during intense sweating. According to
Fernandes & Larsson (2000) and Ribeiro et al. (2004), these are the main electrolytes found
in horses’ sweat, supporting the results of the present study. As can be observed in Table 3, the
decrease in serum electrolyte concentration was discrete; however, it should be emphasized
that, depending on the intensity and duration of the exercise, environmental conditions, degree
of hydration, and physical conditioning, these losses can become more pronounced, leading to
significant hydroelectrolytic and acidic-base imbalances (McCutcheon & Geor, 1998; Fernandes
& Larsson, 2000; Martins et al,, 2017).

The sweat of horses has high chloride and low sodium concentrations. The amount of chloride
in sweat is twice that of its concentration in plasma and, therefore, prolonged sweating may result
in hypochloremia (Frape, 2004). Excessive chloride loss results in an increase in the absorption of
bicarbonate by the kidneys to maintain electroneutrality, which in turn may lead to hypochloremic
metabolic alkalosis (DeMorais & Biondo, 2012). Based on the findings of the present study, it can be
inferred that the physical activity caused the onset of the acid-base disorder mentioned, because
the decrease in chloride concentration was sufficient to alter the SID which, according to the
same authors, in the hypochloremic metabolic alkalosis, values above the maximum reference
limits. Results similar to the present assay were obtained by Martins et al. (2017).

The concentration of potassium in sweat is 8 to 20 times greater than its concentration
in plasma and, as sweating occurs more intensely during physical activity, a decrease in the
concentration of this electrolyte after exercise is not surprising (Cohen et al.,, 1993; Flaminio &
Rush, 1998). The reduction in potassium concentration may also be potentiated by elevated
glycemia resulting from increased metabolism, leading to pancreatic release of insulin, which
stimulates the influx of K* into cells; it may also be potentiated by an increase in the concentration
of aldosterone during physical activity, which increases the absorption of sodium in the renal
tubules with a consequent increase in potassium excretion (Stephenson, 2014). Hypochloremic
metabolic alkalosis also has an influence on the reduction in K* concentration through K influx,
as cells attempt to maintain electroneutrality between the intra- and extracellular compartments
(Flaminio & Rush, 1998).

The concentrations of magnesium, potassium, and chloride in sweat are higher than in plasma.
Thus, intense sweating may lead to the reduction of serum Mg**, as found by Sampieri et al. (2006).
Ascanbe observed in Table 3, the animals in the present study presented mild hypomagnesaemia
but did not develop any clinical signs.

The reduction of ionized calcium observed in the present study is an important result, which
has also been reported by White (1998), Aguilera-Tejero et al. (2001), Santos et al. (2001), and
Ribeiro et al. (2004) who observed muscle tremors in some animals and associated this signal
with adecrease in Ca** concentration. Flaminio & Rush (1998) further mention that the decrease
in ionized calcium can result from metabolic alkalosis produced through exercise. Despite the
significant reduction in the values of ionized calcium, all the equines presented concentrations
within the reference range for the species.

According to Balarin et al. (2005) and Brandi et al. (2009), the variation in glycemia s strongly
related to the type of training, intensity, duration, and stress of the physical effort. According to the
same authors, these factors will intensify gluconeogenic activity, mainly via the lipolytic pathway,
inaddition to the effect of hepatic glycogenolysis. Evaluating horses submitted to marcha exercise,
Martins et al. (2017) also observed increased glycemia, as seen in the present study, and Teixeira
& Padua (2002) detected an increase in circulating glucose levels in Thoroughbreds immediately
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after arace. The effect of the type of physical activity on glycemia is confirmed by Fernandes &
Larsson (2000), who observed a reduction in glucose concentration when studying the effects
of endurance tests (maximum intensity) on horses.

As mentioned, physical activity increases energy demand in skeletal muscles. In strenuous
exercises, such as marcha training, there may be insufficient oxygen supply to the muscles,
compromising energy production by the oxidation of glucose in the aerobic glycolysis pathway.
Consequently, the skeletal muscles intensify anaerobic energy production and can increase
lactate production in a way that the elimination/consumption pathways (cellular oxidation and
consumption by the Cori cycle) are unable to, under the same conditions (Watanabe et al., 2006;
Moreira et al., 2015). In the present study, we found that the increase in lactate concentrations may
beresponsible for the appearance of acid-based disorders such as metabolic acidosis (White, 1998;
Gomide et al., 2006), although such disorders were not observed in this work. It should be noted
that lactate variation during physical activity is inversely related to the animal's conditioning, as
demonstrated by Barton et al. (2003) and Fielding et al. (2009).

CKisan enzyme found in many cell types, but its specificity is related to skeletal musculature
(Carlson, 1993; Stockham, 1995; Hoffmann & Solter, 2008; Valberg, 2008). In this way, an increase
in thelevels of CK would be a physiological consequence of the type of exercise performed. Based
on the CK indexes found in the animals in the present study;, it can be suggested that exercise
caused slight injury to the musculature. An increase in CK levels was also reported by Merino et al.
(1997) and Perez et al. (1997) when evaluating traction horses during field work and horses that
competed in rodeo tests, respectively.

Despite anincrease in fibrinogen concentration (Table 3), values remained within the reference
limits (Radostits et al., 2007; Kaneko et al., 2008) and were without clinical significance.

Conclusion

The training program for the proposed marcha tests can generate changes in clinical,
hematological, and biochemical profiles. In this way, horses submitted to more intense exercise
programs may present greater alterations in the hydroelectrolytic and acid-base balance. Further
studies evaluating other parameters in horses submitted to marcha are necessary for acomplete
verification of the changes caused by this type of exercise.
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