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AVALIAGAO DE PARAMETROS FISIOLOGICOS, BIOQUIMICOS E
HEMATOLOGICOS DE EQUINOS ATLETAS PRATICANTES DE MODALIDADE
ESPORTIVA DE ALTA INTENSIDADE E CURTA DURAGAO

RESUMO GERAL - Em virtude de caracteristicas morfofisiolégicas privilegiadas e
alta capacidade de adaptacdo a esforcos extremos, 0S equinos apresentam um
excelente perfil atlético muito explorado pelo homem para o desporto de alto
rendimento. Neste nivel verifica-se uma exigéncia fisica muito elevada que pode ter
como consequéncia sérias alteracdes fisioldgicas, bioquimicas e hematolégicas em
funcéo do treinamento adotado que podem comprometer o estado clinico do animal,
seu bem estar e desempenho atlético. Modalidades esportivas que demandam
respostas organicas rapidas, e que exigem um esforco fisico de alta intensidade,
mas de curta duracao, refletidos em largada rapida, agilidade na mudanca de
direcédo, paradas abruptas e elevada forca fisica ainda constituem pouca informacéo
literatura, sendo necessario ampliar o conhecimento relacionados a fisiologia animal
durante o exercicio, para que se possa obter o maior proveito dos potenciais
genéticos e do treinamento individualizado. Assim, este estudo teve por objetivo
avaliar parametros fisiologicos, bioquimicos e hematoldgicos de equinos atletas
praticantes de modalidade esportiva de alta intensidade e curta duragdo em situacéo
de treino. Para tanto 4 equinos da raca Quarto de Milha com idade + 3,5 a 7 anos,
foram mantidos em baias individuais e submetidos as mesmas préaticas de manejo
nutricional, sanitario e treinamento. Um teste de corrida de curta distancia com
esforc¢o intenso foi realizado 3 vezes em uma pista de 75 metros com duracdo meédia
de 20 segundos e intervalos de dois minutos. A coleta dos dados foi determinada
nos momentos de repouso, imediatamente apds o teste (final da terceira corrida) e 5
20 e 50 minutos apds o teste. Os resultados indicaram aumentos significativos dos
parametros fisiolégicos (FC, FR e TR) parametros bioquimicos (lactato, CK, LDH,
proteinas totais, albumina, colesterol, triglicerideos, Ca**, P, Mg®*, Na*) e parametros
hematologicos (hematdcrito, nimero de hemacias, hemoglobina e numero de
linfocitos). Observou-se que ao logo dos tempos avaliados houve diminuices

significativas nos valores das variaveis analisadas, permitindo concluir que o tipo de



exercicio fisico imposto demonstra ser eficaz para observacdo e avaliacdo do
comportamento das variaveis fisioldgicas, biogquimicas e hematolégicas diante os
estimulos de alta intensidade e curta duracdo, e que o teste proposto pode ser uma
ferramenta pratica no acompanhamento e avaliagdo dos efeitos do treinamento nas

modalidades competitivas que necessitam de grande esforco fisico.

Palavras-chave: cavalo atleta; esporte; performance; exercicio.
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EVALUATION OF PHYSIOLOGICAL, BIOCHEMICAL AND HEMATOLOGICAL
PARAMETERS OF EQUINE ATHLETES SPORT PRACTITIONERS OF HIGH
INTENSITY AND SHORT DURATION

OVERALL ABSTRACT - Due to their privileged morphophysiological characteristics
and high adaptability to extreme effort, horses have an excellent athletic profile that is
highly exploited by man for high performance sports. At this level, great physical
requirements caused by the adopted training can cause serious physiological,
biochemical, and hematological alterations that can compromise the clinical state,
well-being, and athletic performance of the animal. Literature has few sport
modalities that demand fast organic responses and high-intensity, although short-
lasting, physical effort, such as fast starts, agility in changing directions, abrupt stops,
and great physical strength. Thus, it is necessary to expand knowledge related to
animal physiology during exercise, so as to obtain greater benefit of genetic potential
and individualized training. This study aimed to evaluate physiological, biochemical
and hematological parameters of equine athletes training for high intensity, short
duration sports in a training situation. For this, 4 Quarter Horses + 3.5 to 7 years of
age were kept in individual stalls and submitted to the same nutritional, sanitary and
training management practices. A short-distance race test with intense effort was
performed 3 times on a 75-meter track with an average duration of 20 seconds and
at two-minute intervals. Data collection was determined at rest, immediately after the
test (at the end of the third race) and 5, 20 and 50 minutes after the test. The results
indicated significant increases of the physiological parameters (HR, RR and RT)
biochemical parameters (lactate, CK, LDH, total protein, albumin, triglyceride
cholesterol, Ca*, P*, Mg?*, Na*) and hematological parameters (hematocrit, number
of red blood cells, hemoglobin and number of lymphocytes). It had been observed
that At the time of the evaluated period there were significant decreases in the values
of the analyzed variables, allowing to deduce that the type of physical exercise
imposed proves to be effective for observation and evaluation of the behavior of the
physiological, biochemical and hematological variables for high intensity, short

duration stimuli and that the proposed test can be a practical tool in monitoring and



vii

evaluating the effects of training on the competitive modalities that require great

physical effort.

Key Words: horse athlete; sport; performance; exercise.



CONSIDERAGOES GERAIS

O cavalo é um dos poucos animais que apresenta em sua histéria registro
de um processo evolutivo bem detalhado. Data de 50 milhdes de anos atras o
registro de fésseis do que seria o primeiro cavalo primitivo. A relacdo Homem —
Cavalo, e sua domesticacdo sempre foram importantes instrumentos para
conquistas de territérios e manutencdo da soberania de todos 0s povos
espalhados pelo mundo (MIRIAN, 2008).

Os esportes com cavalos sdo quase tdo antigos quanto sua domesticacao
(RINK, 2008). A inclusdo do cavalo no esporte vem de longa data, desde os
Jogos Olimpicos disputados na Grécia Antiga. Diversas sdo as modalidades
esportivas que integram o homem ao cavalo com a finalidade de alto rendimento.
No Brasil, o esporte equestre vem sendo bastante difundido. Data-se de 1641 o
primeiro registro oficial de competicdes envolvendo cavalos (SOUZA LIMA et al.,
2006).

Dentre as inumeras utilizacbes do cavalo na pratica esportiva, Souza Lima
et al. (2006), citaram as seguintes modalidades praticadas no Brasil: 1) Rodeio, a
atividade tem apresentado grande crescimento desde meados da década de 90
realiza um grande numero de competi¢cdes, contando com mais de 1.000 provas
oficiais (Cutiano, Bareback, Sela americana, 6 Balizas, 3 e 5 Tambores,
Maneabilidade e Velocidade, Rédia, Team Penning, Western Pleasure, Laco de
Bezerro, Laco em dupla, Bulldogging, Freio de ouro, etc.) 2) Conformacédo, 3)
Enduro, 4) Hipismo 5) Hipismo Paraolimpico, 7) Hipismo Rural, 8) Adestramento,
9) Salto, 10) Concurso Completo de Equitacéo (CCE), 11) Volteio, 12) Cavalgada,
13) Vaquejada, 14) Pdlo, 15) Equitacdo de trabalho, 16) Corrida, 17) Horseball,
18) Arquearia a cavalo.

Para que o cavalo atleta consiga alcancar e manter um alto potencial é
necessario manejo e treinamento adequado, de variada intensidade e duracéo,
excelentes condi¢Bes dos sistemas cardiovascular e respiratério e tipo de fibra
muscular capaz de adaptar-se as exigéncias fisicas impostas durante o
treinamento e as provas de desempenho as quais participam (DIAZ, 2002).

Segundo Demonceau, (2013) o cavalo € um corredor nato, que apresenta

fiboras musculares esqueléticas apropriadas para o desenvolvimento de altas



velocidades e se adapta as variacdes de esforcos, apresentando resultados
impressionantes.

No equino atleta, a producdo de energia esta relacionada ao tipo de fibra
muscular predominante. Existem dois tipos béasicos de fibras: fiboras musculares
do tipo I, de contracdo lenta e adaptadas a exercicios aerdbicos (alta
concentracdo de mioglobina), e as fibras musculares do tipo Il, de contracdo
rapida e adaptadas para exercicios de poténcia (sendo a IlIA altamente oxidativas
e lIB com baixa capacidade oxidativa). As fibras | e Il sdo determinadas
geneticamente, mas as IIA e IIB sdo influenciadas pelo treinamento (CASTRO,
2011).

Cavalos que atuam em provas de resisténcia, como provas de enduro,
possuem alta porcentagem de fibras do tipo | e tipo IIA e menor de IIB,
determinando maior potencial na obtencdo de energia pela via aerbbica. Ja
cavalos de corrida de longa distancia, da raca Puro Sangue Inglés (PSI), se bem
treinados apresentam maiores proporcdes de fibras do tipo IIA, em relacdo as do
tipo 1IB, e menores areas das fibras do tipo I. Nos cavalos Quarto de Milha que
apresentam a explosdo como principal caracteristica, h4 a predominancia das
fiboras IIB, onde a obtencdo de energia ocorre predominantemente por via
anaerobica lactica (SNOW e GUY, 1980; BOFFI, 2007).

Em exercicios de alta intensidade e curta duracdo a fonte energética
imediata utilizada pelas fibras musculares € a Adenosina Trifosfato (ATP)
estocados no interior das células musculares (CASTRO, 2011). Os exercicios
fisicos sdo dependentes da oferta de adenosinatrifosfato (ATP), que quando
hidrolisado pela enzima ATPase, forma a adenosina difosfato (ADP) e fosfato
inorganico (Pi). O ADP e Pi se unem por uma ligacao de alta energia, assim que
essa ligacdo é rompida pela ATPase ocorre a liberagcdo de energia que sera
utilizada para a realizacdo de exercicios. Para que os cavalos permanecam por
mais tempo no exercicio necessitam ser capazes de ressintetizar o ATP (SECANI
e LEGA, 2010).

Os musculos esqueléticos contém ponderaveis quantidades de
fosfocreatina, que possibilita produgdo mais simples e rapida (7 a 10 segundos)
de ATP pela doacao de um grupo fosfato para o ADP, formando ATP, pela reacao
da creatina quinase (NELSON e COX, 2014). E um processo sem gasto de
oxigénio e sem formacgédo de acido latico, sendo denominado de poténcia



anaerobica alactica. O fosfato de creatina proporciona uma fonte de energia
instantaneamente disponivel para esforcos de alta intensidade atuando como um
substrato imediato para a sintese de ATP (SECANI e LEGA, 2010).

Cavalos de corrida de 400 metros, durante mais da metade de todo o
percurso nao respiram, assim nao aciona o mecanismo de acoplamento
respiracéo-locomocédo (LACERDA, 2004). Diante da magnitude de ativacdo dos
musculos, a demanda de ATP € exorbitante e o fluxo sanguineo ndo consegue
fornecer oxigénio e combustivel em quantidade satisfatoria para a producdo do
ATP necessario através de respiracao aerébica, de tal modo, a energia € obtida
através da via anaerdbia pela degradacdo do glicogénio muscular (substrato
energético de armazenamento em mamiferos) pela enzima lactato desidrogenase
(LDH) para ressintetizar o ATP, tendo como produtos resultantes desse processo
o lactato e ions de hidrogénio, essa reacdo pode ser ilustrada na equacéo:
(Glicogénio + 3 ADP 2 lactato + 2 H+ + 3 ATP) (NELSON e COX, 2014).

Assim, a performance atlética dos equinos pode ser cada vez mais
aprimorada aliando-se métodos de treinamento, alimentacdo e suplementacéo
adequados em cada fase de sua carreira.

Devido a importante participagdo dos atletas brasileiros nos jogos Pan-
americanos e nas Olimpiadas, as provas equestres vém ganhando destaque e,
com isso, € maior o interesse na melhora do desempenho, no acompanhamento e
na compreensdo dos processos fisiologicos e metabdlicos que ocorrem com
esses animais durante e apos o exercicio (SILVA, 2008).

Santos (2014), em seus estudos, destacou as frequéncia cardiaca (FC),
frequéncia respiratoria (FR) e temperatura retal (TR) como fatores de influéncia
nas alteracbes fisioldgicas que ocorrem antes e apdés o exercicio. Outros
parametros de importancia a serem considerados sdo o hemograma e dosagens
bioquimicas.

A FC é expressa pelo numero de batimentos por minuto (bpm). A sua
mensuracdo tem sido usada para descrever a intensidade do exercicio e para
estudar os efeitos do treinamento e perda de condicionamento. De acordo com
Evans, (2000) em repouso, a FC normal do cavalo é de 20 a 40 batimentos por
minuto, no inicio do exercicio se espera aumento de todas as atividades

cardiovasculares e sistema nervoso autbnomo simpatico em funcdo de suprir a



demanda de oxigénio dos musculos, assim torna-se imprescindivel a realizagédo
do aquecimento antes de qualquer exercicio (HODGSON e ROSE, 1994).

O condicionamento ndo altera a FC basal, mas submetido ao treinamento,
o cavalo pode alcancar sua FC méaxima ao ser submetido ao exercicio mais
forcado, com velocidade maior (CLAYTON, 1991).

A frequéncia respiratéria (FR) é mensurada pelo niUmero de movimentos
toracicos por minuto (mpm), tendo o cavalo uma FR em repouso de 12 a 20
respiragbes/minuto (BOFFI, 2007). Esse sistema faz a compensacdo das
necessidades de oxigénio pelas células musculares. Como nao sofre modificacéo
adaptativa, se torna um fator limitante ao desempenho (SILVA et al., 2005;
AINSWORTH, 2008).

A observacao da FR deve priorizar as condigbes ambientais. Em ambientes
guentes e umidos, a perda de calor pela respiragdo é mais de 25% da perda total,
enquanto que em condi¢cdes de neutralidade, fica entre 15 a 25% (CLAYTON,
1991).

A temperatura retal (TR) varia de 37,2 a 38,6 °C. Durante um exercicio, a
temperatura aumenta, atingindo em poucos minutos, apés o fim de exercicio
pesado, 39 a 40°C. Fatores como manejo, temperatura ambiental, idade e sexo
estdo diretamente relacionada a esta variacdo (CLAYTON, 1991).

Durante o exercicio, o cavalo mobiliza suas fontes energéticas liberando
calor, e sua termorregulacéo é essencial para o desempenho. Dentre as principais
formas de termorregulacéo estdo a evaporacao pelo suor, seguida da evaporagao
pela respiracdo (MCCUTCHEON & GEOR, 2008).

A agua é o componente mais abundante no organismo, representando nos
equinos, aproximadamente, 70% do seu peso vivo. Nesse liquido estdo diluidas
inimeras substéncias, entre elas os eletrdlitos. Os efeitos do exercicio sobre
esses componentes séricos dependem da intensidade e da duragédo do esforco,
bem como do grau de perda dos mesmos. As maiores perdas estdo, geralmente,
relacionadas com exercicio de longa duracdo, mas também podem ocorrer nos
exercicios de alta intensidade e curta duragdo em situacbes ambientais
desfavoraveis (temperatura e umidade relativa do ar elevadas) (COENEN, 2005).
Nas provas de resisténcia, os cavalos chegam a perder entre 4% a 6% do peso
corporal e estima-se que 90% dessa perda possam ser atribuidas a agua

eliminada através da sudacéao e respiracao (CARLSON, 1987).



A concentracdo de lactato permite avaliar a capacidade competitiva e
efetiva do treinamento. Durante o exercicio, 0 musculo requer uso de Adenosina
Tri fosfato (ATP), todavia apresenta poucas reservas, buscando outros
mecanismos para obtencdo de energia. O primeiro é o desdobramento da
fosfocreatina em creatina e fésforo inorganico pela enzima creatina quinase. Mas
a principal fonte é a gliconeogénese (energia advinda dos lipideos e do glicogénio
muscular). A respiracdo anaerobica eleva a concentracdes de lactato, sendo um
indicativo de intensidade do exercicio (HODGSON & ROSE, 1994).

A concentracdo de lactato sanguineo é de facil afericdo e podem ser
utilizados aparelhos portateis, permitindo avaliacdo rapida, mas também podem
ser feitas dosagens em laboratério coletando a amostra de sangue em tubos de
fluoreto, o que permite avaliagées posteriores (GOMIDE et al., 2006).

Durante os testes de desempenho o hemograma é um requisito basico.
Quando um animal faz exercicio, as alteracdes no eritrograma e leucograma sao
rapidas e auxiliam na avaliacdo da saude, do desempenho e do condicionamento.
O aumento do transporte de oxigénio associado a liberacdo de eritrécitos é um
dos fatores para a alta capacidade aerdbia dos equinos e depende da intensidade
do exercicio (MCGOWAN, 2008). Ha um aumento moderado do hematdcrito, da
concentracdo de hemoglobina e da contagem de hemacias quando comparados
aos valores em repouso, permitindo maior aporte de oxigénio durante o exercicio
(ALLEN & POWELL, 1983).

Outro parametro de importancia na avaliacdo de um treinamento séo as
enzimas, onde as mais utilizadas para indicar lesdo muscular séo aspartato
aminotransferase (AST), creatina quinase (CK) e lactato desidrogenase (LDH),
sendo a CK a mais especifica (THOMASSIAN et al., 2007).

Atletas de alto desempenho, sejam eles humanos ou equinos, quase
sempre sdo forcados a se exercitarem préximos ao limite maximo de esforgo
suportavel pelo seu organismo (MARC et al., 2000), e avaliar fatores relacionados
a performance torna-se algo cada vez mais necessario para o reconhecimento de
habilidades, capacidades e intensidade de exercicio mais adequado para as
diferentes fases do treinamento. Através da avaliagdo também € possivel analisar
variacdes de parametros metabdlicos, hematologicos, bioquimicos e fisioldégicos
frente a diferentes intensidades de exercicio e ainda tracar a tendéncia de tais

parametros para um determinado grupo de animais (SANTOS 2006).



Tendo em vista que o Brasil possui o terceiro maior rebanho de equinos do
mundo, que somado ao rebanho de muares (mulas) e asininos (asnos),
representam 8 milhBes de cabecas, que somente a producdo de cavalos
movimenta R$ 7,3 bilhées, que o rebanho envolve mais de 30 segmentos,
distribuidos entre insumos, criagdo e destinacdo final compondo a base do
chamado Complexo do Agronegécio Cavalo, responsavel pela geracdo de 3,2
milhdes de empregos diretos e indiretos (MAPA, 2016).

No segmento esportivo, 0s equideos tém conquistado um campo vasto de
atuacao, tendo a necessidade de cada vez mais buscar-se cavalos que tenham
requisitos para o alto desempenho, com seus sistemas funcionais trabalhando de
forma eficiente em prol de fornecer todo o aporte necesséario a realizacdo do
exercicio fisico de forma eficaz. Assim, faz-se necessario compreender 0s
eventos relacionados a fisiologia animal durante o exercicio para que se possa
obter o maior proveito dos potenciais genéticos e do treinamento individualizado
(MARQUES, 2002).

A fisiologia do exercicio equino aponta varios trabalhos na literatura
envolvendo parametros que permitem a avaliacdo da performance de cavalos de
corrida e de enduro. Entretanto, poucos sado os experimentos realizados com
cavalos criados e treinados em condicdes tropicais e utilizados em provas
competitivas que demandam esforgo fisico de alta intensidade e curta duragao
(COELHO et al., 2011).

Nos exercicios de intensidade maxima, por exemplo, devido ao curto
periodo de duracdo, geralmente ndo ocorrem alteracdes intensas no estado de
equilibrio eletrolitico e na osmolalidade sanguinea. No exercicio submaximo, o
volume de fluidos perdido através do suor é elevado e pode ser a causa de
desidratacdo que, se associada a déficits energéticos, pode ser responsavel por
quadros de exaustao, resultando em morte. (LACERDA-NETO et. al., 2003). Na
busca pela alta performance, lesbes e estado de Overtraining podem ser
observados em funcdo do grande volume e intensidade de treino
WESTERMANNA et al 2011). Por isso, a medicina esportiva equina realiza
investigacbes a fim de definir parametros confiaveis para a avaliacdo do
desempenho em cavalos (PICCIONE et al., 2003).

Assim, diante do exposto e considerando a escassez de estudos

relacionados a modalidades esportivas com caracteristicas de alta intensidade e



curta duracdo, a presente pesquisa teve como objetivo avaliar parametros
fisiologicos, bioquimicos e hematologicos de equinos atletas em situacdo de
treino, competidores de modalidade esportiva com caracteristica de alta

intensidade e curta duracao.
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Summary

Background: Exercises performed during training and competitions produce varied
organic adaptations in athletic horses. Increased physical exigencies during exercises can
lead to alterations in physiological, biochemical and hematological parameters,
compromising equine health, welfare and athletic performance. Little is known about the
effect of high intensity and short duration exercises on equine health, and this knowledge
can contribute to better explore the genetic potential of horses as well as to the
development of individualized training.

Objective: To evaluate physiological, biochemical and hematological parameters of
equine athletes submitted to high intensity and short duration running training.

Study design: Randomized block.

Methods: A total of 4 Quarter Horses were kept in individual stalls and submitted to the
same nutritional, sanitary and training management practices. A short-distance test race
with intense effort was performed 3 times on a 75-meter track with an average duration of
20 seconds and two-minute intervals. Data collection was determined at rest, immediately
after the test (end of the third race) and at 5, 20, and 50 minutes after the test.

Results: Significant increases in physiological parameters (HR, RR and RT), biochemical
parameters (LAC, LDH, CK, TP, albumin, total cholesterol, triglycerides, Ca*, P*, Mg**,
Na®) and hematological parameters (hematocrit, hemoglobin, number of red blood cells
and lymphocytes) were observed following training exercises. There were decreases in the
values of the analyzed variables throughout the evaluated periods.

Conclusions: High intensity and short duration exercises imposed to the horses
demonstrated to be effective for evaluation of equine physical conditioning as well as to
analyze the behavior of physiological, biochemical and hematological variables. The

proposed test could be a practical tool in the monitoring the effects of the training for
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competitive modalities that require great physical effort, allowing the adoption of measures

to minimize harmful effects and maximize the performance of animal athletes.

Keywords: horse athlete; sport; performance; exercise.

Introduction

Due to their privileged morphophysiological characteristics and high adaptability to
extreme exertion, horses have an excellent athletic profile, which is exploited by man for
high performance sports [1]. The physical exercise performed during training or
competitions generates variations in several physiological parameters in both humans and
animals [2]. Studies developed in the field of physiology have enabled a better
understanding and evaluation of the adaptations caused by physical exercise in relation to
the different training interventions adopted, as well as factors that may limit the
performance of the athletes [3].

The practice of physical exercise activates coordinated responses of body systems
to increase energy availability, to maintain basic acid balance within acceptable limits, and
to limit body temperature. However, training provides changes in the cells, tissues, and
organs, which increases the production of structural and functional proteins [4]. In training
and competition situations, the performance of a horse is directly linked to its ability to
maintain homeostasis in the face of a varied wave of metabolic disorders and various
physical and psychic factors. At this level, there is a high physical requirement, which
requires adequate training for each athlete in order to reduce physical exhaustion, injury
occurrence, and stress [5].

Research has been carried out in order to find an ideal training method that will act

on the constant improvement of the performance capacity, avoiding overtraining states [6].
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The use of physical tests has been an important evaluation tool to determine the athletic
capacity of the equine athletes, allowing estimation of the competitive potential and the
response to the training, besides evaluating the effectiveness of the training program used
[7]. Evaluation of athletic performance by using tests carried out in the field reproduces the
real intensity and effort of the exercise that the animal must attain to obtain satisfactory
results. This is a valuable tool to maximize results in a competition, to design more
adequate training programs and nutritional planning. Thus, the training program is not only
performed empirically, it becomes a technical process, with clinical and physiological
basis [8]. Thus, this study aimed to evaluate physiological, biochemical and hematological
parameters of equine athlete competitors training for high intensity and short duration

sports under tropical climatic conditions.

Material And Methods

The execution of the research was approved by the Ethics Committee on Animal
Use (CEUA) of the "masked for review" (protocol 058/2015). Experiment was conducted
at Equine Training Center "masked for review".

Four Quarter Horses, aged between 3.5 and 7 years, at an average weight of 450 kg
and body score of 3.0 according to the Carroll and Huntington scale [9] were used. The
animals were housed in individual masonry stalls and submitted to the same nutritional,
sanitary and training management practices. The animals were habituated to the weekly
training program, consisting of aerobic exercises such as walking, trotting, cadenced
galloping, and anaerobic exercises such as interval running and burst running. During
training, previous warm-up, cooling down and rest periods were performed.

On the day of the test, during the morning, the animals were mounted by the same

rider, and three short-distance races with intense effort were performed, on a 75-meter
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track, with an average duration of 20 seconds and two-minute intervals. The registered
ambient temperature was 31.8 °C; relative humidity was 47%; and thermal comfort index
was determined at 136.24 according to Schroter and Marlin [10], which is within the limits
allowed by the International Equestrian Federation, which recommends a safety limit of
150 for the welfare of animals.

The physiological parameters [heart rate (HR), respiratory rate (RR), and rectal
temperature (RT)], hematological parameters and biochemical parameters [lactate (Lac),
lactate dehydrogenase (LDH, glucose, creatine kinase (CK), aspartate aminotransferase
(AST), total protein, albumin, fibrinogen, triglycerides, total cholesterol, calcium (Ca®),
phosphorus (P*), magnesium (Mg®*), Chloride (CI%), sodium (Na*), potassium (K*)], were
determined at rest, immediately after the test (end of the third race) and 5, 20, and 50
minutes after the test. In order to obtain the data at rest, blood samples were collected from
jugular veion before the start of the test and the physiological parameters were checked
before the animals were taken to the track. This procedure was adopted so that there was
no influence of psychological factors on the resting measurements.

Horses and rider carried Polar RS800CX G3 accessories to measure the distance
traveled and HR, RR was estimated by counting the number of respiratory movements in
the flank region for one minute and RT was determined by means of a veterinary
thermometer. Lactate concentration was determined by using portable lactometer
(Accutrend® Plus). Complete blood count was performed by ABCVET automatic counter
(HoribaABX®). Smears were used to perform specific leucometry with the aid of a
common optical microscope (100x). Biochemical analyzes were performed by using
Labtest Kits on and automatic biochemical analyzer (Mindray Chemistry Analyzer BS -

120®). The determination of Na* and K* was done as recommended by Korzun and Miller
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[11], using a flame photometry at a specific wavelength of 589nm and 768nm,
respectively.

The experimental design was randomized block. To verify normality and
homoscedasticity of the data, a Cochran and Bartlett test was applied. The Scott-Knott test
was used to analyze the averages (P <0.05). For the variables that did not present

normality, the Friedman test (P <0.05) with Dunn’s after-test was applied.

Results

All physiological parameters analyzed in equine athletes submitted to intense short
duration exercises presented a significant increase (P<0.05) after test. RR and TR were
similar to those verified at the moment of rest 50 minutes after the test. However, HR did
not return to the values verified at rest until the last evaluated time (Table 1).

Analysis of biochemical parameters (Table 2) showed significant increases (p
<0.05) in lactate, LDH and CK levels immediately after and at 5, 20 and 50 minutes after the
test. Lactate and LDH enzyme had a higher concentration 5 minutes after the run, gradually
decreasing until 50 minutes after the test. The enzyme CK showed an increase immediately
after the test, decreasing its concentrations 5 minutes after the race. The variables lactate,
CK and LDH did not return to baseline levels 50 minutes after the test.

Total proteins, albumin, total cholesterol and triglycerides also had their
concentrations increased (P <0.05) immediately after the test. At 20 minutes after the test,
the values of total proteins, albumin and cholesterol returned to the values verified at rest,
which can be observed at 50 minutes after the test in the case of triglycerides (Table 2).

Serum electrolytes analysis showed significant increases (P < 0.05) in Ca*, P",
Mg2* and Na* concentrations (Table 2). Increases in the concentrations of all ions were

verified immediately after the test remaining thus until the 5-minute post-test. At the 20-



15

minute post-test, it was found that Na* had concentrations similar to those at rest, which
occurred with Ca* and Mg?* ions at 50 minutes after the test. The concentrations of P*
decreased significantly, showing lower levels to rest, 20 minutes after the test.

In relation to the variables of the complete blood count evaluated in this research,
it was observed that hematocrit, number of red blood cells, hemoglobin, and number of
lymphocytes increased significantly (P <0.05) at the moment immediately after the test,

and their values were reduced to those found at rest until the last time evaluated (Table 3).

Discussion

During exercise adaptations and transient variations in several parameters of
organic systems can be observed. Understanding of the physiological and metabolic
processes that occur during and after exercise is of great importance to maximize the
performance of horse athletes [12]. This research evaluated the variation in physiological,
biochemical and hematological parameters of equine athletes practicing sport of high
intensity and short duration. Data demonstrated that the type of physical exercise imposed
to the animals caused a significant increase in most of the analyzed variables immediately
after the completion of this exercise.

The increase in heart and respiratory rates and in rectal temperature occurred
immediately after the exercise. A short-distance race with intense effort demands energy
and the animals need a high concentration of oxygen in the organism, using the increased
heart and respiratory rates to meet this demand [13]. In this study, a 48% decline in heart
rate was observed 5 minutes after the test, which is desirable since the decrease in heart
rate after exertion exercises shows a good recovery of the animals. Well-conditioned
equine athletes show a 50% decline in heart rate in the first minutes after high-intensity

exercise [3]. Fifty minutes after the race, the animals had not yet returned to the resting
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heart rate, however a decreasing behavior was observed, which values at last time
evaluated being considered normal according to literature [14]. This variable is directly
related to the individual physical conditioning of each athlete.

During short-term exercise, characterized by bursts, horses use muscular adenosine
triphosphate (ATP) as an immediate energy source. In order to remain longer in the
exercises, the horses need to be able to resynthesize ATP [15]. Skeletal muscles contain
considerable amounts of phosphocreatine, which makes it possible to quickly produce ATP
(7 to 10 seconds) by the creatine kinase action [16]. This ATP resynthesis, called anaerobic
alactical power, occurs without oxygen consumption and without the formation of lactic
acid. In this study, a higher concentration of the CK was observed immediately after
exercise with subsequent decrease, but no return to baseline after 50 minutes of recovery. It
is worth mentioning that, depending on the exercise, CK will reach peaks around 6 to 12
hours, returning to its base values after 24 hours [14]. Studies conducted by Balarin et al.
[17] and Caiado et al. [18], observed higher concentrations of CK at rest when compared to
the moment after exercise, which can be explained as a result of prolonged and intense
training prior to competitions. CK concentrations can be influenced by the training phase
and by the type of exercise performed [19] and an adequate training program, which
adjusts to the equine’s physical conditioning, does not lead to marked variations in the
concentration of the muscle function enzymes [20]. This fact indicate that the training
adopted for the horses evaluated in this research was suitable, since the behavior observed
in the CK concentrations favors the adequate production and usage of energy by the
musculature, which is essential for optimal performance of the equine athlete [21].

However, faced with the magnitude of muscle activation, the resynthesis of ATP
can occur through anerobic pathway. In this case, energy is obtained by degradation of

muscle glycogen by the lactate dehydrogenase (LDH), resulting in lactate and hydrogen


https://www.google.de/search?q=resynthesis&spell=1&sa=X&ved=0ahUKEwj9-qzW0-_QAhVFm5QKHQW8B9sQvwUIGSgA
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ions [16]. It is worth mentioning that glycogen reserves in horses are approximately 700
mmol of glucose per kg of muscle [22]. High-intensity and short-duration exercises lead to
the increase of more than 4 mmol/L of lactate concentration [14]. Immediately after
exercise, concentrations of over 14 mmol/L were found in this study, implying in the
predominance of anaerobic (lactic) metabolism for energy production. It was also verified
that the increase in serum lactate concentrations was accompanied by the serum increase in
the LDH. As observed here, both ATP resynthesis pathways are stimulated
simultaneouslyand the intensity and duration of the exercise determinate which one
participates the most, since each pathway has distinct biochemical characteristics.

The highest lactate concentration was observed 5 minutes after the end of the race.
In fact, lactate peak occurs about 10 minutes after high-intensity exercise [23]. At the end
of the last period evaluated, lactate concentrations had not yet returned to the values
verified at rest. This fact could be related to the fact that Quarter Horses have a
predominance of type IIA muscle fibers [24], fast contraction fibers that have low
oxidative capacity [14]. The slow-twitch muscle fibers have a greater capacity to oxidize
lactic acid [24], faster removing the lactate from the bloodstream.

During the period of recovery, the respiratory frequency remained high until 20
minutes after the race. This mechanism allows greater uptake of oxygen to enable the
return to aerobic metabolism, making oxidative phosphorylation with ATP production
possible, and making possible the production of glucose from the lactate. At 20 minutes
post-test the decrease in lactate and LDH concentrations were also observed, suggesting
changes in the preferential process for obtaining energy. After vigorous exercise, the
lactate produced by anaerobic phatway in the skeletal muscle returns to the liver and is
converted into glucose [16]. This entire process may justify the results observed for blood

glucose in this study. During acute exercise insulin is suppressed [25], triggering an
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increase in the percentage of glycogenolysis, thus maintaining the glucose synthesis
relatively stable, and not suffering great changes during the exercise.

Regarding total plasma protein concentrations, an increase was observed only at the
time immediately after the test. Studies with horse athletes also found significant increase
in total protein concentrations [26]. In fact, the maximum stimulus intense exercises
provide a redistribution of fluids and electrolytes from the vascular compartment to the
extracellular fluids, increasing the total plasma protein concentrations [27]. Albumin
performs several functions that ensure the proper functioning of the body, including the
hydrophobic transport of substances and the water balance in and out of the tissues [16]. In
this research, increased albumin concentration was found immediately after exercise,
which might be related to water loss in an attempt to maintain the thermoregulation during
exercise requirement [28].

Lipid profile can be evaluated by determining the triglyceride concentration and
total cholesterol. However, in relation to the energy metabolism, the triglyceride is more
relevant, since it can be degraded as an energy source [29]. Animals that perform low
intensity exercises with low to medium duration, use fats significantly as a source of
energy for muscle work, but exercises that use levels above 70% of VO2max, i.e. intense
exercise, can increase the metabolism of muscle triglycerides [30]. In this study, significant
increases in triglycerides and total cholesterol were found immediately after exercise. This
result is probably related to the higher protein metabolism, as well as the greater energy
supply to the muscle submitted to physical stress. The increase in triglycerides
concentration is expected as a consequence of the blockade on insulin action and the
hyperglycemic effect generated by the catecholamines and cortisol circulating due to

physical effort [31].
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Electrolytes have multiple functions, participating in several metabolic processes
with variations in their concentrations [32]. With important organic functions of great
relevance in the neuromuscular process, Ca*, P* and Mg”* are found in muscle tissue and
are released by the sarcoplasmic reticulum to participate in the process of muscle
contraction [4, 14, 25]. In this study, there was an increase in Ca*, P* and Mg®" levels
immediately after exercise. With the increase of the muscular effort caused by exercise and
the need to perform muscular maneuvers in a short time, the skeletal muscle releases Ca”
and Mg?* ions, which are permeable to the bloodstream. After exercise stimulus cessation,
these ions tend to perform plasma compensations by lowering their serum concentrations
[4]. Walking at the rate of five to eight hours per day with rest intervals every 15 minutes
after each hour of walking does not alter the concentrations of Ca* in horses [33]. This
difference is mainly due to the intensity of the exercise, the physical requirement and
muscular contraction are not intense in the walk and the levels of Ca* remained in balance.
Different from the values for P, that presented concentrations of up to 3.14 mg/dL in the
walk, corroborating the results obtained in this study. The increase in P* may be related to
the reduction of glomerular filtration caused by the onset of physical activity [34].

Sodium has a key role in water distribution and maintenance of osmotic pressure
[35]. In this study, Na" increased immediately after the test, and its values returned to those
found at rest in 20 minutes. Previous studies also verified high Na* values after intense
exercise [36, 37]. Elevations in serum concentrations of Na indicate a decrease in water in
relation to the amount of body solutes, which can be justified by the shift from this
electrolyte to the extracellular compartment or due to proportional reduction in the rate of
sodium excretion by urine and sweat [38].
Increases in hematocrit, red blood cell number and hemoglobin concentration here

observed is related to a physiological response due to the practice of physical exercise
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characterized as stressful physiological stimulus. Effort resulting from this action induces
the release of catecholamines, more specifically adrenaline, which induces spleen
contraction, which, in turn, releases red blood cells into the bloodstream [39], providing a
better tissue perfusion, mainly to the central nervous system and skeletal muscles. The
hematocrit is indicative of health and may be a subjective indication of training [14].
Previous studies also confirmed an increase of hematocrit, red blood cells and hemoglobin
due to the speed and intensity of the exercises performed [40]. In the case of alterations
caused by physical exercise, as observed in this study, hematocrit values should return to
their normal values between 20 and 30 minutes after the end of the exercise stimulus.

Stress is one of the factors that contribute to the elevation of leukocyte
concentration [27, 41]. In this study, the number of leukocytes did not change, which may
be related to the conditions pertinent to the experiment, due to the adaptation of the
animals to the rider and to the test site. On the other hand, a significant increase in
lymphocytes occurred immediately after exercise, returning to resting values at 50 minutes
post-test. Lymphocytes represent 30% of the leukocytes [42] and may vary in quantity
depending on the stimulus to which the individual is submitted [43]. High intensity
exercises induce an immediate lymphocytosis, which occurs transiently and decreases in a
short period of time shortly after exercise [44].

The decrease in concentrations and values of the analyzed variables during a short
rest period indicate that horses submitted to the high intensity and short duration race test
were physically conditioned to the training they underwent. High intensity and short
duration exercises test demonstrated to be effective for evaluation of equine physical
conditioning as well as to analyze the behavior of physiological, biochemical and
hematological variables. The proposed test proved to be easy to apply and replicate in the

field, and can be a practical tool in monitoring and evaluating the effects of training in
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competitive modalities that require great physical effort expended in a short period of time,

especially in tropic conditions. Usage of this test can aid in the adoption of measures that

aim to minimize harmful effects and maximize health benefits and longevity to equine

athletes.
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TABLES

TABLE 1. Physiological parameters of equine athletes submitted to high intensity and
short duration race test

TIME (Minutes after test)

Variables Resting Immediately  5min 20 min 50 min CV (%)
after test
HR (bpm) 35.5° 140.75 72.25° 585°  44.50° 2.74
RR (mov/min) 22.75" 41.75° 51.0° 475°  26.0° 33.6
RT (°C) 37.5° 38.9% 38.9° 387% 375 0.69

Different letters on the line differ by the Scott-Knott test (P< 0.05). HR: heart rate, RR:
respiratory rate, RT: rectal temperature, CV: coefficient of variation.

TABLE 2. Biochemical parameters of equine athletes submitted to high intensity and
short duration race test

TIME (Minutes after test)

Variables Resting Immediately 5min  20min 50 min  CV (%)
after test

Glucose (mg/dL) 88.25 101.58 100.8 1061  108.3  13.82
Lactate (mmol/L) 1.43° 14.03% 15.2*  10.68" 5.88°  23.69
LDH (mmol/L) 1.19° 11.25% 12.382  7.91°  459° 2553
CK (UI/L) 107.75° 168 151.25° 135.75" 136.25° 11.79
AST (UI/L) 243.75 302.25 304 28725 26475  5.07
Total proteins (g/dL) 7.10° 8.31° 8.02° 7.53° 7.79° 1.92
Albumin (g/dL) 2.95° 3.22° 3.09° 298"  3.00° 3.01
Fibrinogen (mg/dL)* 175 200 300 200 250
Cholesterol (mg/dL)  86.13° 91.6° 87.23" 85.07° 86.57°  2.85
Triglycerides (mg/dL) ~ 14.6° 38.33" 50.63° 36.55° 25.98°  24.2
Calcium (mg/dL) 9.55° 10.73 10.52*° 10.50*  9.28° 7.56
Phosphorus (mg/dL) 2.68" 3.45° 3.08% 233 2.08° 9.66
Magnesium (mg/dL) 1.96° 2.04° 2.02°  2.00°  1.96° 2.56
Chloride (mg/dL) 83.97 84.93 86.11 8223 8376 289
Sodium (MEg/L) 147.63" 169.88° 170.43* 153.75° 140.30°  5.64
Potassium (mEg/L)* 2.5 3.75 3.75 3.13 2.5

Averages followed by distinct letters in the line represent difference by the Scott-Knott test
(P<0.05). *Medians followed by distinct letters in the line represent difference by the
Friedman test (P<0.05) with Dunn’s after-test. LDH: Lactate dehydrogenase, AST:
Aspartate aminotransferase, CK: Creatine kinase, CV: coefficient of variation.
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TABLE 3. Complete blood count of equine athletes submitted to the high intensity and

short duration test

TIME (Minutes after test)

Variables Resting Immediately 5min 20 min 50 min CV(%)
after test

Hematocrit (%) 36.75°¢ 51.75° 455° 385° 385°  6.35
Red blood cells (million/mm®)  7.87° 10.36 2 9.27% 858° 818°  7.99
Hemoglobin (g/dL) 12.6° 17.38° 15.33° 13.88° 13.13°  6.93
MCV (pg) 46.95 49.99 4923  48.07 4699 357
MCHC (um®) 34.35 33.63 33.76 3381  34.28 1.71
Platelets * 235250 239750 226000 221500 291250
Total leukocytes (10°/mm?) 7.625 9.300 8.425 8025  7.500  12.46
Monocytes (10°/mm?) 205.5 218.5 210.75 277.75 150 19.47
Neutrophils (10°/mm?) 4725.5 5602.5 4823 46435 4753  16.63
Lymphocytes (10%/mm?) 2421°  3336.75°  3091% 2862% 2394.7° 15.64
Eosinophils (10°/mm?) 306.75 186 306.75 288.75 201.75  45.99
Ratio (neut/lymph 10%mm?) 1.98 1.71 1.6 1.73 2.04 16.19

Averages followed by distinct letters in the line represent difference by the Scott-Knott test
(P<0.05). *Medians followed by distinct letters in the line represent difference by the Friedman
test (P<0.05) with Dunn’s after-test. MCV:

mean corpuscular hemoglobin concentration

mean

cell

volume,

MCHC:



29

CONSIDERACOES FINAIS

Os resultados mostraram que o tipo de exercicio fisico imposto levou a
uma elevacdao significativa da maioria das variaveis analisadas, demonstrando ser
eficaz para observacéo e avaliagdo do comportamento das variaveis fisiologicas,
bioguimicas e hematologicas diante os estimulos de alta intensidade e curta
duracéao.

O teste proposto demonstrou ser de fécil aplicacédo e reprodugédo a campo,
podendo ser uma ferramenta pratica no acompanhamento e avaliacdo dos efeitos
do treinamento nas modalidades competitivas que necessitam grande esforco
fisico dispendido em um curto intervalo de tempo.

Os resultados indicaram boa adaptacéo ao tipo de treinamento, de modo a
manter a integridade fisica e obter o melhor desempenho na atividade fisica
exigida.

Diante dos resultados aqui obtidos € sugerido que se realize mais estudos
envolvendo modalidades esportiva com exigéncia fisica de alta intensidade e
curta duracdao, visto que fisiologicamente sédo pouco estudadas.
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