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RESUMO

A modalidade de trés tambores (3TB) cresce rapidamente no Brasil e, nos ultimos anos,
destaca-se no Nordeste. Contudo, sdo escassos estudos sobre adaptagdes fisiologicas em
condi¢des controladas. Objetivou-se avaliar as alteragdes em cavalos submetidos ao teste de
simulagcdo de 3TB. Utilizaram-se 14 equinos Quarto de Milha, sendo 10 machos e 4 fémeas
com idade média de 6,3 + 2,5 anos. Foram avaliados em seis momentos diferentes: repouso
(T-0), imediatamente apos o 1° (T-1) e 2° (T-2) ciclos de corrida, e com 15 (T-15), 30 (T-30)
e 240 minutos (T-240) de recuperagdo. Foram mensuradas frequéncia cardiaca (FC),
velocidade, distancia e duragdo dos ciclos utilizando-se frequencimetro com equipamento
GPS. Realizaram-se coletas sanguineas para determinacao das concentracdes de glicose,
lactato, proteinas totais (PT), albumina, globulina, ureia, creatinina, acido trico (AU),
triglicérides,  colesterol ~ total,  4cidos graxos ndo  esterificados (AGNE),
gamaglutamiltransferase (GGT), creatina quinase (CK), cortisol, bem como hemograma. Os
resultados foram analisados pelo ANOVA e teste de Tukey, considerando p<0,05. Os
resultados mostraram que %FC>170bpm foi mais elevado no 2° ciclo de corrida quando
comparado com o 1° (p<0,05). [Glicose] e [Lactato] foram mais elevadas em T-2 (p<0,05).
[PT], [Creatinina], [AU] e [Triglicérides] mantiveram-se elevadas em T-1, T-2 e T-30
(p<0,05) respectivamente. [PT] e [Creatinina] retornaram as concentragdes basais em T-30, e
[AU] e [Triglicérides] em T-240. [AGNE], [Colesterol], [GGT] e [CK] ndo se modificaram.
[Cortisol] foi mais elevada em T-2 (p<0,05), retornando ao basal em T-240. [Hemécias],
[Hemoglobina] e hematocrito foram mais elevados em T-2 (p<0,05), sendo equivalentes entre
os ciclos de corrida. Esses resultados sugerem boa adaptagao e condicionamento dos animais
frente a atividade fisica imposta, como também, que o protocolo proposto mostra-se
ferramenta util na determinagdo a campo da evolugdo do treinamento de equinos atletas, logo
contribuindo para implementacdo de programas de treinamento e nutricionais adequados,

visando melhor desempenho e bem-estar.

Palavras-chave: Cavalo atleta. Cortisol. Exercicio. Frequéncia cardiaca. Hematologia.



ABSTRACT

The barrel racing (BR) is rapidly evolving in Brazil and in the last few years it has been
highlighted in the Northeast, but there are few studies on physiological adaptations under
controlled conditions. The objective of this study was to evaluate the changes in horses
submitted to the BR. Fourteen Quarter Horses were used, 10 males and 4 females with mean
age of 6.3 £ 2.5 years. Six different moments were evaluated: rest (T-0), immediately after the
1t (T-1) and 2™ (T-2) race cycles, and with 15 (T-15), 30 (T30) and 240 minutes (T-240) of
recovery. Heart rate (HR), speed, distance and duration of the cycles were measured using a
HR monitor with GPS. Blood samples were collected to determinate glucose, lactate, total
proteins (TP), albumin, globulin, urea, creatinine, uric acid (UA), triglycerides, cholesterol,
non-esterified fatty acids (NEFA), gammaglutamyltransferase (GGT), creatine kinase (CK),
and cortisol concentrations, as well as the hemogram. The results were analyzed using
ANOVA and Tukey's tests using p<0.05. The results showed that %HR>170bpm was higher
at the 2™ cycle when compared to 1 (p<0.05). [Glucose] and [Lactate] were elevated at T-2
(p<0.05). [TP], [Creatinine], [UA] and [Triglycerides] remained elevated at T-1, T-2 and T-30
(p<0.05) respectively. [TP] and [Creatinine] returned to baseline at T-30, and [UA] and
[Triglycerides] at T-240. [NEFA], [cholesterol], [GGT] and [CK] did not change. [Cortisol]
was higher at T-2 (p<0.05), returning to baseline at T-240. Red blood cells and hematocrit
were higher at T-2 (p<0.05). These results suggest a good adaptation and conditioning of the
animals in front of the imposed physical activity, as well as that the proposed protocol is a
useful tool in the determination of the evolution of the training of equine athletes, thus
contributing to the implementation of adequate training and nutritional programs, for better

performance and welfare.

Key-words: Cortisol. Exercise. Haematology. Heart rate. Horse athlete.



LISTA DE ILUSTRACOES

Pagina

Figura 1 Planta Pista Oficial de Trés Tambores ABQM 16



LISTA DE TABELAS

Artigo - The effect of repeated barrel racing on blood biomarkers and physiological

parameters in Quarter Horses.

Péagina
Tabela 1 Heart rate, speed, duration, running distance and percentage ranges 50
of HR in horses submitted to the barrel racing field test
Tabela 2 Heart rate and biomarkers of metabolism of carbohydrates, proteins, 51
lipids, enzymes and hormones in Quarter Horses submitted to the
barrel racing field test
Tabela 3 Hematological biomarkers in Quarter Horses submitted to the barrel 52

racing field test



pkat
pumol
3TB
ABQM
ACTH
ALB
ATP
bpm
BR
CBH
CF
CHCM
CK

CP

DE

dL

EE

FC
FCmax
FCmédia
FEI

fL.

g

GGT
ha

HB

HR
HRmax
Htc

LISTA DE ABREVIATURAS E SIGLAS

Micro

Microkatal

Micromol

Trés tambores

Associacao Brasileira de Criadores de Cavalo Quarto de Milha
Hormonio adrenocorticotréfico
Albumina / albumin

Adenosina trifosfato

Batimentos por minuto

Barrel racing

Confederagdo Brasileira de Hipismo
Crude fiber

Concentragao de hemoglobina corpuscular média
Creatina quinase

Crude protein

Digestible energy

Decilitro

Ether extract

Frequéncia cardiaca

Frequéncia cardiaca maxima
Frequéncia cardiaca média
Federagao Equestre Internacional
Fentolitros

Grama

Gamaglutamiltransferase

Hectare

Hemoglobina

Heart rate

Heart rate maximum

Hematocrito



VCM

Quilo

Litro

Metro

Metro por segundo

Mean corpuscular hemoglobina conccentration
Mean corpuscular volume

Milimol

Non-esterified fatty acids

Nanomol

Proteinas Totais

Indice de amplitude de distribuicio eritrocitaria
Total protein

Uric acid

Unidades internacionais

Volume corpuscular médio



%

2

[]

>/ <

LISTA DE SIMBOLOS

Porcentagem
Aproximadamente
Segundo
Concentracao
Maior / menor que

Mais ou menos



N SN 0 AW

SUMARIO

INTRODUCAO
REVISAO DE LITERATURA
2.1 O CAVALO QUARTO DE MILHA
2.1.1 Industria do Quarto de Milha
2.1.2 Modalidades esportivas do Quarto de Milha
2.1.2.1  Prova de trés tambores
2.2 FREQUENCIA CARDIACA
2.3 BIOMARCADORES DO METABOLISMO ENERGETICO
2.4 BIOMARCADORES DO METABOLISMO PROTEICO
2.5 BIOMARCADORES DO METABOLISMO MUSCULAR
2.6 BIOMARCADORES HEMATOLOGICOS
HIPOTESE
OBJETIVOS
REFERENCIAS
ARTIGO CIENTIFICO
CONSIDERACOES FINAIS

Péagina
13
14
14
14
15
15
16
18
20
22
22
25
26
27
33
53



13

1 INTRODUCAO

Biomarcadores s@o moléculas bioldgicas presentes em tecidos e fluidos corporais que
podem ser medidos e avaliados objetivamente, sendo indicadores da normalidade metabdlica,
dos processos patologicos ou farmacoldgicos, contribuindo para o entendimento das
adaptagdes fisiologicas frente aos desafios (MAMAS et al., 2011). O acompanhamento dos
equinos atletas deve ser realizado através de exames bioquimicos que sdo ferramentas para o
entendimento das adaptacdes ao treinamento, juntamente com o conhecimento de valores dos
padrdes de referéncia para interpretagdo das andlises laboratoriais para as diferentes
modalidades esportivas (HARVEY et al., 1994; BALARIN et al., 2006).

A avaliacdo dos biomarcadores hematoldgicos ¢ empregada para caracterizagdo do
nivel de esforco fisico do cavalo atleta e de como ocorre elevagdo na capacidade de transporte
de oxigénio e nutrientes durante o exercicio (ROSE; HODGSON, 1994). Nos equinos, a
grande elevacdo na concentracdo das heméacias e no hematocrito (Htc) € decorrente da
contracdo esplénica, como também da maior frequéncia cardiaca (FC) nos exercicios de curta
duracdo e alta intensidade (MCGOWAN, 2008). Além disso, mecanismos hormonais siao
ativados em funcao da atividade fisica, contribuindo assim para mobilizacao e utilizacao dos
substratos energéticos (HY YPPA, 2005).

Os cavalos da raca Quarto de Milha devido sua capacidade de percorrer distancias
curtas com velocidade superior as demais racas, vem sendo empregado nos desportos de
velocidade, como as corridas com menos de 500 metros, provas de vaquejada e de trés
tambores (3TB), demonstrando excelente adaptacdo a este tipo de atividade (ERICKSON et
al., 1991; AZEVEDO et al., 2014; SANTIAGO et al., 2014). Durante a vaquejada, os cavalos
apresentam o Htc elevado em cerca de 30% apo6s um ciclo de trés corridas, indicando boa
adaptagao para o tipo de exercicio (SANTIAGO et al., 2014), e com velocidades proximas a
~9m/s (AZEVEDO et al., 2014).

A disciplina equestre de 3TB, onde o conjunto cavalo e cavaleiro perfazem um
circuito no entorno de trés tambores dispostos em forma de tridngulo no menor tempo
possivel, tem sua origem nos Estados Unidos e foi introduzida no Brasil na década de 70.
Tem como caracteristica ser uma prova de curta distancia (~140m), e com curta duracao
(~17”), envolvendo a participacdo de diversos biomarcadores bioquimicos e hematolégicos,

com predominancia de metabolismo anaerdbio.
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2 REVISAO DE LITERATURA

2.1 O CAVALO QUARTO DE MILHA

Por volta do ano 1600 surgia nos Estados Unidos a raga Quarto de Milha, proveniente
de cruzamentos de garanhdes da Ardbia e Turquia com éguas inglesas trazidos pelos
exploradores e comerciantes espanhdis. Estes cruzamentos produziram cavalos compactos,
com musculatura forte e capazes de percorrer distancias curtas com velocidade superior as
demais racas. O cavalo foi se especializando com o trabalho com o gado e nos finais de
semana os colonizadores se divertiam promovendo corridas nas ruas das vilas e pelas estradas
dos campos, perto das plantagdes, com distancia de um quarto de milha (402m), originando o
nome da raga.

Tem como caracteristicas ser um animal versatil, com extrema docilidade,
conseguindo partidas rapidas e paradas bruscas, grande capacidade de mudar de direcdo, além
da enorme habilidade de girar sobre si mesmo. Por essas razdes passou a ser utilizado nas
mais diversas disciplinas equestres, tanto as que requerem velocidade, quanto as de
conformacgao e trabalho.

A chegada da raca no Brasil se deu no ano de 1955, quando a Swift-King Ranch
importou seis animais dos Estados Unidos e passou a comercializa-los. Na década de 70, foi
fundada a Associagdo Brasileira de Criadores de Cavalo Quarto de Milha (ABQM) em Sao

Paulo.

2.1.1 Industria do Quarto de Milha

Segundo a ABQM, atualmente o plantel ¢ composto por 454.920 animais registrados,
representados por 106.733 proprietarios, dos quais 52.937 sao criadores e 31.597 associados
cadastrados, espalhados por todas as regides do pais. O Sudeste apresenta a maior
concentracgdo deste plantel com ~53% dos animais, em seguida estdo as regides Nordeste, Sul,

Centro-Oeste e Norte, com ~18%, ~14%, ~13% e ~2% dos equinos, respectivamente.
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Conforme ABQM, os haras estdo distribuidos em ~1 milhdo de hectares, sendo
avaliados em mais de R$ 20 bilhdes, movimentando a industria do cavalo em todos os seus
segmentos, apresentando uma média de consumo anual de ragcdo de 918 mil toneladas,
gerando um investimento de R$ 730 milhdes. A mao-de-obra empregada pela raga ¢ bastante
significativa e oferece mais de 310 mil empregos diretos. Nos ultimos cinco anos, o Stud
Book da ABQM registrou mais de 130 mil potros. Também neste mesmo periodo, a raca
movimentou em leildes por todo o pais em torno de R$ 1 bilhdo com a comercializacdo de
aproximadamente 27 mil animais, pela média geral de R$ 37 mil. Além disso, anualmente nos
eventos oficiais e apoiados pela ABQM sdo entregues premiagdes que passam da casa dos R$

4 milhdes.

2.1.2 Modalidades esportivas do Quarto de Milha

Gracas a sua versatilidade o Quarto de Milha ¢ empregado nas 21 modalidades da
raca: 3TB, vaquejada, lago em dupla, laco de cabeca e pé, laco individual cronometrado e
técnico, rédeas, apartacdo, laco comprido armada, laco comprido técnico, ranch sorting, team
penning, corrida, working cow horse, conformacao, seis balizas, cinco tambores, performance

halter, maneabilidade e velocidade, western pleasure, breakaway roping, bulldog.

2.1.2.1 Prova de trés tambores

A modalidade equestre de 3TB cresce rapidamente no Brasil. No Nordeste brasileiro,
0 esporte estd em crescente ascensdo e obteve no ano de 2015 o reconhecimento da
Confederacdo Brasileira de Hipismo (CBH), iniciando assim a busca pelo reconhecimento
pela Federagcdao Equestre Internacional (FEI). O esporte de 3TB esta cada vez mais presente
nas festas de pedo (rodeios), feiras agropecuarias, vaquejadas, entre outros.

Dessa forma, tem sido grande o interesse sobre a avaliagdo dos cavalos que competem
nesta modalidade, que ¢ dividida em diversas categorias possibilitando a participacdo de

cavaleiros e amazonas de varias idades e, estas categorias sdo segmentadas por grupo de idade
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dos competidores que vai dos seis anos até competidores com mais de 50 anos e, ainda, é
facilmente executado por cavalos Quarto de Milha.

A modalidade 3TB, caracteriza-se por ser uma prova de velocidade, curta distancia
(~140m) e duracao (~177). Nela, conjunto cavalo e cavaleiro perfaz um circuito ao
cronometro no entorno de trés tambores dispostos na forma de triangulo no menor tempo
possivel.

A montagem do percurso, assim como as regras durante a execu¢ao da prova devem
seguir as determinacdes da ABQM. A pista (Figura 1) deve ter a dimensao de 90x40m e
devem ser utilizados tambores de ago vazios com capacidade para 200 litros e a disposicao
dos mesmos deve ser na forma de tridngulo isésceles, com uma distancia de 27,5m entre o
primeiro e segundo tambores, ¢ uma distancia de 32m do terceiro para os outros tambores, € a

distancia entre o primeiro e segundo tambores para a largada/chegada deve ser de 18,30m.

Figura 1. Planta pista oficial de trés tambores.

18,30 m

Fotocélula — [ Fotocélu

Linha de partida e chegada

Fonte: ABQM (2017).

2.2 FREQUENCIA CARDIACA

O exercicio cria a necessidade para o uso de todos os sistemas fisioldgicos do corpo do
cavalo (PICCIONE et al., 2013). Um dos importantes parametros e de facil realizagdo para
avaliagdo do desempenho atlético e dos gastos energéticos de equinos € a mensuracio da FC,

conforme afirmam WILLIAMS et al. (2009). A FC ¢ impulsionada pelos niveis de oxigénio e
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diéxido de carbono no sangue (FREEMAN et al., 2003), sugerindo assim, correlacdo positiva
entre esta e consumo de oxigénio e gasto energético (SERRANO et al., 2002).

O conhecimento da frequéncia cardiaca média (FCmédia) e do tempo gasto durante o
esforco podem ser utilizados para se estimar o consumo de energia durante o exercicio e, com
isso, obter-se um indicativo do grau de esfor¢o fisico de um cavalo ou esporte equestre
(MANSO FILHO et al., 2012a). Atualmente, esta avaliagdo em cavalos sob condi¢des de
treinamento e competicdo tornou-se mais eficiente, devido a utilizacao de frequencimetros
validados especificamente para a espécie (WILLIAMS et al., 2009).

Os monitores de FC podem ser acoplados aos animais enquanto estes sdo submetidos
aos testes em laboratodrio, esteira de alta velocidade, ou em avaliagdes a campo. Esta Gltima
reflete condi¢des de interacdo entre cavalo e cavaleiro, que ndo conseguimos obter nos testes
de esteira (MANSO FILHO et al., 2012b), além de replicar os desafios que os equinos
enfrentam em treinamentos e/ou competi¢cdes, como condigdes climaticas e de pista.

Além do monitoramento da FC, estes equipamentos podem ainda mensurar a
distribuicao desta em diferentes zonas, as quais indicardo se o animal atleta esta trabalhando
de forma aerdbica ou anaerdbica, contribuindo assim para o entendimento dos diversos tipos
de manobras realizadas durante as modalidades equestres praticadas (HUNKA et al., 2017).

Conforme o exercicio praticado, a FC pode se modificar e suas variagdes estdo
correlacionadas com a intensidade das atividades realizadas nas mais diversas disciplinas
equestres. Adaptagdes na FC durante o exercicio ajudam a melhorar o fluxo sanguineo para os
tecidos envolvendo um determinado esfor¢o, aumentado suprimento de sangue € a remogao
de metabdlitos gerados em funcdo do exercicio (TATEO et al., 2008). O aumento de oxigénio
para a musculatura ¢ alcangado através do aumento da ventilagdo/min, ventilagdo alveolar, e
taxa de fluxo sanguineo para tecidos, que sdo regulados pela FC (HINCHCLIFF; GEOR,
2008).

E relevante ressaltar que estas adaptagdes na FC sdo descritas nas mudangas de
velocidade demonstrando correlagdo positiva (KINGSTON et al, 2006; AERTS et al., 2008;
MUNSTERS et al.,, 2014) com o condicionamento em equinos, principalmente nas
modalidades de 3TB, vaquejada e corridas, cujo exercicio se caracteriza pela curta duragdo e
alta intensidade, onde elevadas médias de FC sdo descritas e esperadas; no entanto, o
contrario ¢ observado nas atividades de resisténcia, como as provas de marcha e cavalgadas,
com baixas médias de FC (HUNKA et al., 2017).

Cavalos de vaquejada desenvolvem exercicio predominantemente anaerdbio e com

frequéncia cardiaca méaxima (FCmax) de ~209bpm e ~196bpm, puxadores e esteiras,
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respectivamente (HUNKA et al., 2017). Enquanto que os cavalos de prova de marcha e
cavalgadas com exercicio predominantemente aerobio com FCmax de ~140bpm e ~180bpm,

respectivamente (MANSO FILHO et al., 2012a).

2.3 BIOMARCADORES DO METABOLISMO ENERGETICO

Mecanismos hormonais sdo importantes para a mobilizacgdo e utilizagdo dos substratos
energéticos. Os principais combustiveis, necessarios para satisfazer a demanda energética
durante exercicio, sdo carboidratos e gorduras, na forma de glicogénio e triglicerideos,
respectivamente. A atividade fisica exerce influéncia sobre o sistema enddcrino, promovendo
a liberagdo de catecolaminas, que atuam promovendo a quebra do glicogénio muscular e
hepético, o aumento da lipdlise no tecido adiposo, e também inibe a liberagdo da insulina.
Tais efeitos sao manifestados como um aumento nas concentragdes séricas de acidos graxos
ndo esterificados e glicose, os quais aumentam a disponibilidade do substrato para a
realizacio do exercicio muscular (HY YPPA, 2005).

Aliada a agao das catecolaminas, observa-se uma elevacao na secre¢ao de cortisol em
funcdo de um aumento dos niveis plasmaticos de hormoénio adrenocorticotréfico (ACTH),
com pico circulatério variando entre cinco a 30 minutos apds termino do exercicio
(GORDON et al., 2007). Tendo como principal efeito metabdlico durante o exercicio, o
aumento da gliconeogénese hepatica, como também promove lipolise, fornecendo
combustivel para exercicios submaximos prolongados (HYYPA, 2005).

O aumento dos niveis de cortisol ¢ esperado em provas equestres (KRAEMER et al.,
2003; MIRCEAN et al., 2007), variando sua resposta de acordo com a duragdo e intensidade,
nivel de condicionamento atlético, como também estado nutricional e ritmo circadiano. Sua
elevacdo ja foi correlacionada tanto com exercicios de elevada intensidade quanto com
aqueles constantes e moderados por tempo prolongado (MCGOWAN, 2008).

A mensuracao do cortisol pode ser utilizada como indice de avaliagdao de treinamento,
pois sua liberagdo ¢ menor nos animais treinados quando comparados aos ndo treinados,
quando estes sdo submetidos ao mesmo tipo de exercicio durante o mesmo tempo (MARC et
al., 2000; MIRCEAN, et al., 2007; FERRAZ et al., 2010).

Devido a influéncia do exercicio fisico um aumento na concentracao de glucagon,

decorrente da diminui¢do da insulina por acdo de catecolaminas e do cortisol circulantes,
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promovem a liberagdo na circulagdo sanguinea de glicose hepatica, promovendo assim um
efeito hiperglicemiante (MCKEEVER, 2002; HYYPPA, 2005). Este mecanismo do glucagon
¢ especialmente valioso durante exercicio. No periodo de baixa insulina circulante, a absor¢ao
de glicose ¢ facilitada pela translocagdao de GLUT-4, presente nos musculos esquelético e
cardiaco, tecido adiposo e sistema nervoso central, que ¢ induzida pelo exercicio (THORELL
et al., 1999).

Segundo Rodrigues et al. (2016), esta glicose circulante ¢ a forma primaria do
carboidrato usado para producao de adenosina trifosfato (ATP), podendo ser obtida pelas
células através da circulacdo ou do estoque de glicogénio intracelular, para realizacdo da
atividade muscular, seguida por quantidades menores presentes no sarcoplasma e de
glicogénio estocado. A glicose da circulagdo pode ser originaria da gliconeogénese hepatica,
glicogenolise hepatica, ou do alimento consumido e digerido pelo cavalo (NRC, 2007).
Embora seja uma fonte energética importante, com o aumento na intensidade do exercicio,
grande parte da energia ¢ gerada via glicolise anaerdbia, com consequente liberagdo de acido
lactico, sendo esta via rapida, porém de baixa eficiéncia energética (MARTINS et al., 2005).

Elevacdes nas concentracdes séricas de glicose apds o exercicio sdo esperadas e
indicam um aumento da glicogendlise como consequéncia do aumento da demanda tecidual
associado ao efeito fisiologico do estresse do exercicio (ROSE; HODGSON, 1994).

Segundo Piccione et al. (2010), assim como na medicina esportiva humana, existe uma
forte relagdo entre performance e as variagdes relacionadas ao lactato em cavalos. A medida
que a intensidade do exercicio aumenta, uma maior quantidade de lactato ¢ produzida e uma
maior propor¢do de energia ¢ suprida pelas vias anaerobias, situacdo decorrente de um menor
suprimento de oxigénio nas células musculares (MARTINS et al., 2005).

Os equinos atletas apresentam grande capacidade de gerar e aproveitar o lactato, sendo
este um importante parametro na medicina esportiva, pois esta relacionado com esforco fisico
intenso, niveis de treinamento ¢ condicionamento atlético (PICCIONE et al., 2010). Nas
disciplinas equestres de alta intensidade e curta duragdo, seu aumento ¢ esperado, onde as
concentracdes elevam-se rapidamente a medida que a velocidade atinge cerca de 7 a 9 m/s
(MCGOWAN, 2008), sendo superiores a 4mmol/L, demonstrando assim uma predominancia
na produ¢do de energia anaerobia (BINDA et al., 2016; BRAZ et al., 2016) e com picos ao
final da atividade e nos minutos iniciais de recuperacdo (EVANS et al., 2002).

De acordo com Santiago et al. (2013), o tempo de retorno dos valores da concentracao
de lactato aos valores basais pode ser utilizado para avali¢ao da capacidade de recuperacao

como também da utilizacdo deste como substrato energético para atividade cardiaca e
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muscular, sendo um indicativo de condicionamento fisico. Por estes motivos, o limiar de
lactato tem sido uma ferramenta eficiente na avaliagdo de programas de treinamento e
performance atlética, associado com outros parametros.

Apesar de elevado gasto energético durante exercicios de alta intensidade, existe uma
limitagdo na utilizag¢do das gorduras, em decorréncia do declinio dos acidos graxos circulantes
causado pela diminuicdo da liberagdo destes do tecido adiposo. Tal fato ndo se da pela
diminui¢do na taxa de lipolise, mas pela diminui¢ao no fluxo sanguineo no tecido adiposo e
inadequada remocao dos acidos graxos pela corrente sanguinea, esta condigdo pode estar
relacionada com o aumento do metabolismo do glicogénio no musculo (HOROWITZ;
KLEIN, 2000).

Durante exercicios de baixa intensidade, a maior parte dos acidos graxos oxidados sao
derivados do plasma e, de acordo com o aumento na intensidade do exercicio, a contribui¢ao
dos triglicerideos intramusculares também aumenta podendo representar perto da metade de
toda gordura oxidada (HOROWITZ; KLEIN, 2000).

A relativa importancia dos processos aerobio e anaerdbio na producdo de ATP
depende da intensidade e duracdo do exercicio e, consequentemente, do recrutamento das
fibras musculares e da influéncia do treinamento em modificar este perfil metabdlico (ROSE;
HODGSON, 1994). O ATP ¢ a principal fonte de energia prontamente disponivel nas células,
sendo gerado do catabolismo de carboidratos, gorduras e proteinas; destas, carboidratos e

gorduras sdo as fontes predominantes de ATP em condi¢des anaerdbias (NRC, 2007).

2.4 BIOMARCADORES DO METABOLISMO PROTEICO

As proteinas totais (PT) referem-se a todas as proteinas do plasma, que sdo compostas
pela albumina (ALB) e globulinas, juntamente com o fibrinogé€nio, que estdo envolvidas em
fungdes como a manutencdo da pressdo osmotica e viscosidade sanguinea, transporte de
nutrientes, metabolitos, hormonios e produtos de excrecao, regulacdo de pH sanguineo e,
participa na coagulagdo sanguinea (REECE; SWENSON, 2006).

Diferentes disciplinas equestres tém demonstrado mudangas na PT associada com
hematocrito (ROSE; HODGSON, 1994; PICCIONE et al., 2007). O aumento nas [PT] e
[ALB] durante exercicios de alta intensidade reflete o movimento compensatorio de fluidos

dos vasos para os tecidos, como também aumento na viscosidade do plasma (ROSE;
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HODGSON, 1994; TYLER-MCGOWAN, 1999). A extensao deste deslocamento e a perda de
fluidos parece estar relacionada com a duracdo e intensidade da atividade praticada (KOWAL
et al., 20006).

Estes aumentos nas [PT] associados com exercicios de curta duracdo geralmente
retornam aos valores basais em até 30 minutos depois do término do exercicio, em
contrapartida, nas provas de resisténcia com maior duragdo e/ou com sudorese excessiva,
estas mudancas de fluidos podem ser mais substanciais e prolongadas. Assim sendo, aumento
nas [PT] e [ALB] sdo relevantes na determinagdo do status de hidratagao em cavalos e podem
ser particularmente importantes no periodo de recuperagdo apds exercicio intenso ou em
condi¢des quentes (MCGOWAN, 2008).

A albumina ¢ sintetizada pelo figado, sendo a mais proeminente das proteinas
plasmaticas, constituindo 35 a 50% das proteinas totais nos animais. Um papel importante da
ALB ¢ como uma proteina de ligagdo e transporte; sua concentragdo ¢ afetada pelas mudangas
no teor de dgua plasmadtica e volume intracelular. Mudancas nas concentragdes de globulinas
geralmente refletem inflamacao e doenca, embora a hidratagdo também possa impactar na
concentracao deste parametro (KINGSTON, 2008).

Como resultado da degradacdo de ATP para obtencdo de energia para atividades de
elevada intensidade, alguns metabolitos da degradacdo de purinas aparecem no sangue, como
o 4cido urico, sendo este um bom indicador da intensidade do exercicio (CASTEJON et al.,
2006), apresentando pico de suas concentragdes 30 minutos apos o término (EVANS et al.,
2002).

Avaliagdes das concentracdes de ureia e creatinina podem ser utilizadas para avaliar o
metabolismo proteico e também a fun¢do renal dos animais (MELO et al., 2013). A formagao
de ureia ¢ uma reagdo que requer a utilizacao de energia e ocorre quase que exclusivamente
no figado e sua taxa depende da taxa de catabolismo proteico (RODRIGUES et al., 2016).
Elevagdes nas suas concentragdes podem refletir tanto uma aceleracdo no catabolismo
proteico, quanto uma diminui¢ao em sua excre¢do urindria (FOREMAN; FERLAZZO, 1996).

A creatinina ¢ o produto final do metabolismo muscular, sendo eliminada do plasma
por filtragao glomerular, ndo sendo reabsorvida nos tibulos em grau significativo. O aumento
nas concentragdes pode estar relacionado a maior utilizagdo de fosfocreatina na geracdo de
energia para a contragdo muscular na fase inicial do treinamento (SNOW et al., 1982).
Durante o exercicio as concentragdes de creatinina aumentam proporcionalmente a
intensidade do exercicio, estando este aumento relacionado com a mudanca no fluxo

sanguineo renal (CASTEJON et al., 2006).
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2.5 BIOMARCADORES DO METABOLISMO MUSCULAR

A avaliagdo do desempenho ¢ fundamental para o reconhecimento de suas habilidades
e a intensidade do exercicio mais adequada em diferentes fases de treinamento (PATELLI et
al., 2016). Alteragdes reversiveis na estrutura do musculo esquelético sdo promovidas pelo
exercicio, tais como, aumento na permeabilidade do sarcolema e das proteinas musculares,
que sao liberadas na circulagdo sanguinea (VALBERG, 1996).

A creatina quinase (CK) ¢ uma enzima de alta especificidade para lesdes musculares,
sendo encontrada principalmente no citosol das células dos musculos esqueléticos e cardiaco,
mas também nos rins, cérebro, diafragma, trato gastrointestinal, utero e bexiga (VALBERG,
1996). Seu pico de concentragdo sérica se da entre quatro a seis horas pos lesdo e os valores
podem voltar ao normal com 24 até¢ 96 horas (THOMASSIAN et al., 2007). Como citado
acima, a elevacdo da atividade enzimadtica durante exercicio ¢ decorrente do aumento da
permeabilidade da membrana celular e nao da sua ruptura, podendo a CK extravasar para o
plasma (ZOBBA et al., 2011). Os valores médios de CK variam de 100 a 300 UI/L (ROSE e
HODGSON, 1994); no entanto, atividades de elevada intensidade podem resultar em aumento
consideravel da atividade da CK (>1000 UI/L), sem indicativo de lesdo. Porém esse aumento
ndo ultrapassa 5.000 UI/L (VALBERG, 1996). Segundo Patteli et al. (2016), o treinamento
progressivo age reduzindo os niveis séricos de CK como efeito da adaptacdo muscular ao
exercicio. Em animais condicionados € com programa de treinamento adequado, pode ser
observado que nao ha aumento acentuado nas [CK].

Enzima indicadora de funcdo hepatica, gamaglutamiltransferase (GGT), tende a se
elevar em func¢ao do treinamento ¢ sua intensidade, estando correlacionada com a sindrome de
overtraining. O aumento de sua atividade tem sido descrito em equinos com excesso de treino

e queda de performance, apresentando concentragdes >100 UI'! (MCGOWAN, 2008).

2.6 BIOMARCADORES HEMATOLOGICOS

O sangue ¢ composto por muitos componentes que desempenham um papel

fundamental no suporte ao aumento da taxa metabolica durante o exercicio, transportando



23

oxigénio, agua, eletrdlitos, nutrientes, € hormonios para o trabalho muscular (KINGSTON,
2008).

A avaliagdo dos constituintes hematoldgicos ¢ frequentemente utilizada para avaliacao
de desempenho atlético. Varidveis hematimétricas, como Htc, contagem de células vermelhas
e concentracdo de hemoglobina (HB) podem ser utilizadas para avaliacdo dos efeitos tanto do
exercicio como do treinamento (TYLER-MCGOWAN et al., 1999), auxiliando no
entendimento das adaptagdes que ocorrem durante a pratica da atividade fisica.

Segundo de Camargo Ferraz et al. (2009) indices hematimétricos absolutos, volume
corpuscular médio (VCM) e concentracdo de hemoglobina corpuscular média (CHCM), estao
sendo utilizados para associacdo com sindrome de overtraining em equinos. O primeiro sendo
a medida do tamanho dos eritrocitos e o segundo a da [HB] presente nestes, representando
assim a quantidade de HB/eritrocito (KOWAL et al., 2006).

Os processos induzidos pelo exercicio sdo refletidos em alteracdes nos constituintes
sanguineos, em virtude de uma maior liberagdo de catecolaminas com consequente contracao
esplénica e também do aumento da FC. O bago, 6rgao com capacidade de armazenar até 50%
do total de células vermelhas, age nos equinos como um grande reservatorio, liberando os
eritrocitos na corrente sanguinea frente a um estimulo (KOWAL et al., 2006).

Em conformidade com a intensidade do exercicio grandes elevagdes no volume total
do sangue, volume plasmatico, contagem de células, %Htc e [HB] acontecem. Estas
adaptagdes fisiologicas sao desejaveis e importantes para o trabalho muscular, principalmente
quando falamos de equinos atletas, pois aumentam a capacidade de carreamento de oxigénio e
fluxo sanguineo para a microcirculagdio dos musculos durante a atividade fisica
(MCGOWAN, 2008).

A quantidade de oxigénio que pode ser carreado pelo sangue esta relacionada com o
volume total de eritrécitos e [HB]. Conforme supracitado, o Htc aumenta linearmente com a
intensidade do exercicio, servindo como indice da capacidade deste, pois o volume de
hemécias ¢ fator determinante da capacidade de carrear oxigénio (ROSE; HODGSON, 1994).

Pesquisas demonstram que durante exercicios de alta intensidade e curta duracao,
como a vaquejada e a prova de trés tambores, o Htc eleva-se cerca de ~41% e ~32%
respectivamente, demonstrando boa adaptagdo para o tipo de exercicio proposto (SANTIAGO
et al., 2014; BINDA et al., 2016). Esses fatores sdo bastante reduzidos ap6s a esplenectomia e
causando grande reducao da capacidade atlética dos animais (McKEEVER et al., 1993),

semelhantemente aos quadros de anemia.
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O conhecimento do grau da anisocitose pode ser importante para a avaliacdo da
performance e a capacidade de transporte de oxigénio, podendo ser mensurada pelo indice de
amplitude de distribuigdo eritrocitaria (RDW) que reflete a heterogeneidade do tamanho das
hemacias (BALARIN et al.,, 2006). Ainda assim os dados constantes na literatura sao
conflitantes, do ponto de vista dos valores de normalidade.

Embora o leucograma ndo seja utilizado para avaliagdo do condicionamento fisico dos
cavalos, alteracdes no niumero de leucédcitos podem indicar situagdes de doengas subclinicas
ou estresse, justificando assim a sua avaliagio (MCGOWAN, 2008).

A analise dos leucdcitos e linfocitos, para os cavalos atletas, deve ser realizada com os
animais em repouso para refletir os reais valores dessas células. Conforme -citado
anteriormente, a liberagdo de hormodnios associados ao estresse ¢ catecolaminas durante
exercicio ¢ capaz de promover mudangas significativas no nimero e na composi¢cdo dos
leucdcitos, variando conforme a intensidade e durag¢do, podendo o incremento ser de 10 a
30% (TYLER-MCGOWAN, 1999).

O exercicio maximo provoca liberacdo de leucdcitos sequestrados pelo bago e
provenientes do pool marginal. Ocorre aumento do nimero de linfocitos e diminuigcdo da
relacdo neutrdfilos/linfocitos. A linfocitose € transitoria com exercicio maximo € 0s numeros
destas células diminuem rapidamente apos o término da atividade (KOWAL et al., 2006).
Adicionalmente, pode ocorrer linfopenia tanto nos cavalos de prova de explosdo como nos de
resisténcia (CY WINSKA et al., 2010), podendo ser um importante aspecto a ser avaliado no
que diz respeito da manutengdo da saude desses atletas.

As plaquetas interagem com o endotélio e fatores de coagulacdo circulantes com a
finalidade de manutengdo da homeostasia normal, estando envolvidas em processos
inflamatérios e imunologicos (KINGSTON, 2008). Sua atividade modifica-se apds o
exercicio de elevada intensidade e em cavalos submetidos a esse tipo de esforco, quando
ocorre maxima elevacao na [hemacias] e no Htc, foi demonstrado que ocorre uma reducao da

agregacao plaquetaria, favorecendo o transporte das hemacias (KINGSTON et al., 1999).
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3 HIPOTESE

Existe correlagdo entre o tipo do exercicio fisico dos cavalos que praticam a
modalidade esportiva trés tambores com frequéncia cardiaca, biomarcadores hematologicos,

do metabolismo energético, proteico e enzimas musculares.
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4 OBJETIVOS

4.1 Artigo: avaliar as adaptagdes fisiologicas e bioquimicas de cavalos de trés tambores
treinados em condigdes tropicais, contribuindo assim para melhores programas de

treinamento e nutricionais, visando melhor desempenho e bem-estar.
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ABSTRACT

The objective of this study was to evaluate barrel horses undergoing a field test with one
repetition. Quarter-Horses were used (14 males and females; average age: 6.5 years old), and
they ran two times for 5 min in the same field. Six different periods were evaluated: rest (T-
0), immediately after the first (T-1) and second races (T-2), and after 15 (T-15), 30 (T-30) and
240 min (T-240) of recovery. Heart rate (HR), speed, distance and duration were measured
using a HR monitor with GPS during the races. Blood was collected to determinate glucose,
lactate, total proteins (TP), albumin, globulin, urea, creatinine, uric acid (UA), triglycerides,
cholesterol, non-esterified fatty acids (NEFA), gammaglutamyltransferase (GGT), creatine
kinase (CK), and cortisol concentrations, as well as to perform a haemogram. The results
were analysed using ANOVA and Tukey's tests using a P-value of 5%, and they showed a
maximum HR>200 bpm after both races. The largest %HR>170 bpm occurred in the second
race (P<0.05). Glucose and lactate concentrations were elevated at T-2 (P<0.05). TP,
creatinine, UA and triglycerides concentrations remained elevated at T-1, T-2 and T-30
(P<0.05). TP and creatinine concentrations returned to basal concentrations at T-30 (P>0.05),
and UA and triglycerides returned to base concentrations at T-240 (P>0.05). NEFA,
cholesterol, GGT and CK concentrations did not change (P>0.05). Cortisol concentrations
were higher at T-2 (P<0.05) but at T-240 were similar to T-0 (P>0.05). Red blood cell
concentrations and haematocrits had higher values after the second race (P<0.05). These
results showed that barrel horses had intense exercise and that two races with a short rest
interval between them produced similar metabolic and physiologic adaptations between races,
showing that the proposed protocol may be a useful tool for field characterisation of horses’
training and may contribute to the implementation of adequate training and nutritional

programs.

Keywords: exercise, heart rate, cortisol, lactate, NEFA
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INTRODUCTION

Barrel racing has been widespread in several countries, mainly in the Americas, and it
involves a large number of horses and riders, demonstrating the importance of this discipline
for the whole equine industry. In this discipline, competitors must run as fast as possible
around three barrels set in a triangle in a course of approximately 140 m. For this purpose,
animals must be adapted to short-duration, high-intensity exercise, with some repetition with
short intervals between them, particularly for horses with the best times that run more often
during the championship. This important aspect of barrel racing can produce different kinds
of metabolic and physiologic adaptations from regular short-duration and high-intensity
exercise and needs more attention to improve the nutritional and training programs of these
horses and to contribute to their well-being.

Some studies have shown significant physiological and metabolic adaptions
comparable with high-intensity and short-duration exercise in this equine discipline. During
barrel races, the heart rate (HR) rises 136% compared to basal levels, and it is associated with
increased red blood cell concentration (31%), haemoglobin concentration (36%) and
haematocrit (33%) immediately following such exercise (Binda et al., 2016). In another study
with barrel horses, it was shown that lactate levels increased 16x immediately after the races,
but these authors demonstrated less dramatic HR changes after the race (56 bpm) (Teixeira et
al.,2015). However, this value for HR was not expected for this kind of exercise, principally
because during high-intensity and short-duration exercise sports such as racing, including
barrel races and vaquejadas, previous research has described HRmax at ~200 bpm (Hunka et
al,, 2017; Mukai et al., 2007). Additionally, it is important observe that elevated HR is
associated with a large accumulation of lactate, above 12 mmol/L, which has been shown in
barrel horses (Binda ef al., 2016; Teixeira et al., 2015). Only one study showed an HRmax of
208 bpm immediately after the barrel races (Capelleto et al., 2009).

Previous studies have not evaluated two races with short intervals between them. A
field test was developed for barrel horses with two races with short intervals between them for
the repetition to test the hypothesis that changes in heart rate and in different metabolic
biomarkers occur in well-conditioned horses performing barrel racing with one repetition,
making the test compatible with short-duration, high-intensity exercise. It is expected that the
identification and understanding of these possible variations may serve to guide the
establishment of training and nutrition programs that favor performance and the overall health

and well-being of these equine athletes.
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MATERIAL AND METHODS

The present study was approved by the Ethics Committee on the Use of Animals from

the Federal Rural University of Pernambuco under license number 090/2016.

Animals

Fourteen quarter horses were evaluated in this study. They were adults (6.3 £ 2.5
years) of both sexes (10 males, 4 females), with an average weight of 435.4 + 39.0 kg, and
they were considered healthy and already well-conditioned for the type of physical exercise
being studied (barrel racing). These animals were receiving the same feeding management,
including being fed Tifton hay (Cynodon nlemfluemsis) as well as water and a mineral salt
mixture ad libitum. In addition, they were supplemented with commercial concentrate pellets
(6 kg/animal/day; digestible energy: 3.25 Mcal/kg; ether extract: 6%; crude fibre: 9%; crude
protein: 12%) divided into 3 equal meals with minimum 6 h intervals between them. Between
trainings sessions, for approximately 4 h per day, the animals had access to a dry-lot (3.0 ha)
with shelters, forage and water and were turned out in groups of 3 or 4, separated by sex.
These animals still had visual, auditory and olfactory contact with the other animals in the

training centre when they were on the dry-lot.

Simulated barrel racing test

All animals used in this study had already been competing regularly for more than six
months without any major health problems. They were trained three times a week for ~1 h
each day. Training consisted of exercise at the pace, trot, and gallop in addition to specific
training for barrel racing. The controlled barrel race tests were performed in the morning,
between 6:00-9:00 h, at the same field. The barrels were arranged on the track in the form of
an isosceles triangle, with a distance of 27.5m between the first and second barrels, and a
distance of 32m from the third to the others barrels, and the distance between first and second
barrels for to start/arrival was 18.30m. The tests consisted of a warm-up on the track lasting
approximately 10 min, with trotting and short gallops. After this period, they competed in two
races, with a 5 min interval between each race, followed by a recovery period of
approximately 30 min of dismounted walking on the track after the second race. The entire

race course and well-being procedures complied with the rules of the Brazilian Association of
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Quarter Horse Breeders and the Ministry of Agriculture, Livestock and Supply. These well-
being procedures and good management practices were also initiated 48 h before and

continued for 72 h after the tests for all animals involved in the experiment.

Heart rate, speed and race duration

The HR was measured using a HR-monitor for horses equipped with GPS (Polar V800
Equine Science, Kempele, Finland) during the barrels races. Horses’ HR were also evaluated
at rest in a stall (T-0) and after 240 min (T-240) of recovery using a stethoscope. Just before
the warm-up, the HR-monitors were adjusted on the horses’ chests and turned on, and the
animals performed their two races after the monitor was placed. The HR-monitor was used to
measure the HR four times (immediately after the first race (T-1) and the second race (T-2),
and at 15 (T-15) and 30 (T-30) min after the second race during recovery). In addition, after
T-30, animals had full access to fresh water and Tifton hay. T-240 assessments were made
with the animal at rest in a stall, similar to the evaluation performed at T-O0.

The data stored in the HR-monitor was analysed using the Polar Flow Sync Software
to determine the following parameters during both races: maximum heart rate (HRmax),
medium heart rate (HRmed), minimum heart rate (HRmin), percentage of HR<149 bpm
(%HR<149 bpm), HR between 150-169 bpm (%HR between 150-169 bpm), HR>170 bpm
(%HR>170 bpm), maximum speed (Smax), medium speed (Smed), and race duration. During
warm-up, racing and the first 30 min of recovery, the HR-monitor remained in place, but the
duration of the races began at the start of the first race and stopped at the end of the second
race, similar to real-life barrel races. The interval between races lasted 5 min, and the

competitors remained walking on the racetrack until T-30.

Blood sample collection

Blood samples were collected via jugular venipuncture with a vacuum system in
EDTA tubes (haemogram), EDTA/sodium fluoride tubes (total protein (TP), glucose and
lactate) and tubes without anticoagulants for determination of serum constituents (albumin,
urea, creatinine, uric acid (UA), triglycerides, total cholesterol, non-esterified fatty acids
(NEFA), gammaglutamyltransferase (GGT) and creatine kinase (CK)). Samples were
obtained at the same time as the cardiac evaluation with subsequent centrifugation to obtain

plasma and serum, and they were stored at -20 °C until processing. The samples were
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analysed using commercial kits for semiautomatic equipment (Doles D-250®, Goiania,
Brazil): TP, glucose, lactate, albumin, urea, creatinine, UA, triglycerides, total cholesterol,
NEFA, GGT and CK. The globulin value was obtained by calculating the difference of TP
minus albumin. The cortisol concentration was performed using an ELISA test in a semi-
automatic reader (Mindray MR-96A, Bioclin, Belo Horizonte, Brazil). Finally, the counts of
red blood cells, haemoglobin, haematocrit, red blood cell distribution width (RDW)-standard
deviation (SD), RDW-coefficient of variation (CV), leukocytes, lymphocytes and platelets
were obtained in a semiautomatic analyser (pocH-1001V Diff Sysmex, Sao Paulo, Brazil). All

analyses were performed in duplicate.

Statistical analysis

The results were analysed using ANOVA with one factor and repeated measurements
and Tukey’s test to identify possible differences among the periods. In all cases, the level of
significance was set at 5%, and the results were expressed as the mean + average standard
error. The statistical analysis software SigmaPlot 13.0 (Systat Software Ins., San Jose, CA,

USA) was used for all the analyses.

RESULTS

All the animals completed the tests without clinical changes. There were no
differences in duration between first and second races (P>0.05), but there were differences the
distance covered, the first race being the longest (P<0.05). Furthermore, it was observed that
HRmin, Smed and %HR<150 bpm were higher in the first race compared to the second race
(P<0.05). It was also detected that %HR>170 bpm was higher in the second race compared to
the first race (P<0.05) and that HRmed, HRmax, Smax, and the percentage of HR=150-169
bpm were similar in both races (P>0.05) (Table 1).

The highest HRs were reached at T-1 and T-2 (P<0.05), just after the races, and there
was no difference between T-15 and T-30 values (P>0.05) or between T-0 and T-240
(P>0.05) (Table 2). Analysis of the biomarkers of carbohydrate metabolism revealed that
glucose and lactate concentrations were higher at the end of the second race (P<0.05), and
glucose levels returned to pretest values at T-30 (P>0.05), whereas lactate levels only
returned to basal values at T-240 (P>0.05). TP, creatinine, UA and triglyceride levels

remained elevated at T-1, T-2 and T-30 (P<0.05), but TP and creatinine concentrations
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returned to similar concentrations to T-0 at T-30 (P>0.05), while UA and triglyceride levels
returned to such concentrations at T-240 (£>0.05). Cortisol increased immediately after the
first race and was higher at the time of the second race (P<0.05); however, at T-15 it was
already similar to T-0 and T-240 (P>0.05). CK concentrations showed no differences during
the study (P>0.05).

Finally, in Table 3, it can be observed that some haematological biomarkers were
influenced by the exercise performed, including red blood cell and haemoglobin
concentrations and haematocrit, which had higher values at the end of the second race
(P<0.05). However, they were equivalent between the two races immediately after these races
(P>0.05). It was also observed that mean corpuscular haemoglobin concentrations were
higher at T-240 and that leukocyte and lymphocyte concentrations increased at the end of the
second race (P<0.05), with the lowest absolute lymphocyte concentration occurring at the end

of the recovery period (P<0.05).

DISCUSSION

In the present study, the simulated barrel racing tests were able to promote significant
increases in HR, which reached approximately 204 bpm, and in some metabolic biomarkers,
such as glucose, lactate and cortisol, after the race, which returned to pre-test values during
the recovery period. However, lymphocyte concentrations were decreased at T-240, which
was not expected for this type of exercise. Thus, it is possible to improve our understanding of
the physical effort made by this group of athletes during competitions, even under controlled
conditions, but this time with one repetition. The performance of controlled simulations from
both a nutritional and a training point of view has been important in assessing performance
and physical fitness, since they bring us the advantage of getting as close as possible to the
conditions faced by horses and riders during competitions and/or training, because they are
performed in the same environment and with similar speed. The adoption of two race cycles,
with short interval between them, was chosen due to the fact that in many occasions in the
trainings it becomes necessary to repeat for adjustments in the course performed.

HR assessment is important to evaluate the athletic performance and the level of
physical exertion of the horses (Evans, 2007). Well-trained horses may have low HRs (<45
bpm) at rest and during the recovery period and have HRs below 64-72 bpm after 30 min of
exercise (de Camargo Ferraz et al., 2009). In the last decade, HR assessments made during

training and competition have become more practical and efficient with the use of HR-
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monitors equipped with GPS developed for horses (Williams et al, 2009). These
developments provide estimates of cardiovascular capacity and the level of effort horses
exhibit in different equestrian disciplines (Evans, 2007; NRC, 2007), and they facilitate
correlations with possible changes in blood biomarker concentrations, such as those
performed in this study. In the current experiment, HR increased up to 5 times after the races
when compared to values observed at T-0, but values were already below 64 bpm at T-30,
suggesting that the animals in the study were well-adapted to the level of exercise they
performed, even with two races with only a short interval between them. It should also be
noted that the HRmax (~204 bpm) observed in the barrel racing horses was below the values
described as the maximum for flat racehorses (~240 bpm) (Hinchcliff and Geor, 2008).
However, our results were similar to those found by Capelleto et al. (2009), who reported an
HRmax of ~208 bpm, but different from the results of Binda et al. (2016), who reported on
barrel horses in field conditions. These differences may be associated with the protocols for
HR evaluation and/or the devices used to measure this parameter.

The distribution of HR by zones may indicate the type of energy most used during
exercise, facilitating the characterisation of the level of effort different types of exercise
require from horses. In the current experimental model, it was observed that the second race
was more exhausting than the first race, which was expected for the test model used with two
races with a 5 min interval between them. In the second race, it was observed that %HR>170
bpm was ~52% higher than in the first race, which by contrast presented a higher percentage
of %HR<149 bpm. This type of evaluation is still not frequent in the literature, but it should
be used to understand different equine disciplines in practical conditions. For example, in
vaquejada horses (Smax: ~9 m/s) it was observed that %HR>170 was ~13% in helper horses
and 24% in pull horses (Hunka et al., 2017), but in four-beat marcha horses (gaited, Smed:
~3.5 m/s), %HR>170 bpm was ~4% and %HR<149 bpm was ~82% (Manso Filho et al,
2012). The differences observed among the equestrian disciplines evaluated were expected
due to a discrepancy in the intensity and duration of the challenges faced by these groups of
athletes. It should be noted that similar assessments with barrel racing horses have not been
found in the literature, but the number of these types of evaluations are expected to improve
and increase to facilitate their use in barrel races and other equine disciplines.

During physical activity, elevation of cortisol concentrations are expected and
contribute to an important cascade of endocrine effects, which favor hepatic gluconeogenesis
and lipolysis and contribute to better exercise and recovery after exertion (Baragli et al.,

2011). It should be noted that these changes in cortisol concentrations also favour the
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maintenance of homeostasis, mobilising intra- and extracellular energy reserves as well as
maintaining cardiovascular and water balance (Hyyppd, 2005). In the present study, cortisol
concentrations increased from the end of the first race up to 30 min of recovery after the end
of the second race, similar to what is described for Arabian horses in barrel racing and
running tests (Fazio et al., 2014; Kedzierski et al., 2014). However, at the end of the recovery
period, cortisol concentrations were already the same as those observed at T-0, where animals
were at rest, similar to what occurs in reining quarter horses, mangalarga marchador and
Arabian racing horses, which are different challenges for horses in duration and intensity
(Casella et al.,2016; Coelho et al., 2011; Kedzierski and Cywinska, 2014), demonstrating that
horses are well-adapted to exercise with different durations and intensity when they are
trained. In addition, Marc et al. (2000) reported that physical training tends to reduce the
magnitude of cortisol elevations, demonstrating horses’ metabolic adaptation during
conditioning programs. Finally, roping horses, who participate in a sport that involves the
presence of cattle along with equines, which represents a particularly stressful factor, also had
elevations in cortisol concentrations during exercise with a peak at the end of exercise and a
return to resting levels after recovery (Ramalho et al., 2012), demonstrating that well-trained
horses have significant adaptive responses to the activities developed after domestication and
transition from production animals to athletic animals throughout the 20™ century.

The determination of lactate concentrations associated with HR during exercise
assessment systems may be used as an indication of the level of fitness in horses and their
recovery capacity (Erickson et al, 1991; Miller and Lawrence, 1987). In addition, the
determination of glucose concentrations may contribute to a general understanding of the
metabolic adaptation to a given exercise, serving as parameter for the general evaluation of
athletic horses during and after training and competition (Marc et al., 2000). It is known that
elevation of carbohydrate metabolism biomarkers at the end of exercise may be an indicator
of the animals' ability to adapt to the exercise and favour recovery since lactate is metabolised
via gluconeogenesis to produce glucose, which is used to replenish hepatic and muscle
glycogen stores that are reduced to some degree in intense exercise. In the present experiment,
there was an increase in lactate (~8.5 times) and glucose (~1.4 times) at the end of the second
race, following the increase in other blood parameters, similar to what occurs in race, trotters
and vaquejada horses (Braz et al., 2016; Nostell et al., 2006; Santiago et al., 2014). It was
also observed that, at the end of the recovery period, glucose and lactate values were similar
to those obtained in the pre-test (P>0.05), similar to other equestrian sports. However, it

should be emphasised that the persistence of high lactate and/or low glucose concentrations
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may be indicative of reduced conditioning or excessive effort for the athlete, favouring
peripheral fatigue, and may culminate with the appearance of diseases in different body
tissues. In addition, it is important to remember that these parameters are easily monitored
during training and competition with portable devices and that this practice may contribute to
the evaluation of horses’ performance and fatigue levels, which may contribute to their
performance evaluation and well-being.

The intensity and the duration of physical exercise are determining factors for the use
of body fat sources, which are best used during low to moderate intensity and long duration
activities (Hyyppd, 2005; Kedzierski and Cywinska, 2014; Martin III ef al., 1993). Gradual
elevation in triglycerides is associated with physical effort (Orozco et al, 2007). In the
present study, triglyceride concentrations peaked at T-30, representing a ~59% increase over
pre-test values, making this metabolite available to restore the intramuscular reserves during
the recovery phase. However, it should be noted that cholesterol and NEFA concentrations
did not change significantly, which was not expected. But the haemo concentration observed
at the end of exercise and at the beginning of the recovery may blind this evaluation, and this
aspect of lipid metabolism may require further studies in this equine discipline.

In the current trial, the highest TP concentration occurred shortly after the barrel
racing field test, which was expected due to fluid loss through sweating and redistribution of
body fluids, similar to that described for vaquejada horses and race horses (Santiago et al.,
2014; White et al, 2001). Additionally, in horses undergoing treadmill stress tests in a
controlled environment, similar elevations were observed in TP concentrations (Santiago et
al., 2013). Interestingly, in simulated barrel racing tests, horses had no variations in albumin
and globulin concentrations, which was not expected because these protein fractions tend to
change along with TP concentrations (Santiago et al., 2013). However, it should be
emphasised that for animals in field tests, climatic conditions, harness and horse effects, the
recovery model adopted should be taken into consideration for a better understanding the
whole process. Finally, it should be noted that TP concentrations returned to values observed
at T-0 as soon as at T-30, which has also been demonstrated in other equestrian disciplines
(Santiago et al., 2013; Santiago et al., 2014), characterising the rapid normalisation of the
distribution of body fluids in these sports in well-conditioned animals.

During exercise, protein and purine degradation may increase, leading to increased
urea, creatinine and UA in the horse’s plasma (Castejon et al., 2006; Evans et al., 2002; P6s6
et al., 1993). In the current experiment, urea concentrations did not change, unlike creatinine

concentrations, which may be related to the greater degradation of phosphocreatine during
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intense short-term exercise. On the other hand, UA, an important component of the
antioxidative system, was increased in the recovery phase (T-30), contributing the pro-
oxidative effects of exercise and favouring the animals’ recovery after the simulated barrel
racing test, which has been reported in other equestrian sports (Santiago et al., 2013).
However, further studies evaluating different antioxidative factors need to be performed.

The evaluation of blood enzymes, including CK and GGT, may facilitate recognition
of animal health, particularly muscle health and evaluation of signs of chronic fatigue (Kim et
al., 2005; Valberg et al, 1993). In this study, CK concentrations were not significantly
different between the times assessed and were similar to the values found in the literature for
healthy animals (Binda et al., 2016), which suggests that the animals were adapted to the
current challenge. Changes in GGT concentrations, which are possible indicators of stress
overload, were not observed in this study. Horses with overtraining syndrome often have
changes in this parameter (McGowan and Whitworth, 2008), and previous studies of healthy
horses used in different disciplines did not have changes in this parameter (Kupczynski and
Spitalniak, 2015; Lekeux et al., 1991).

In relation to haematological biomarkers, it was observed that after the races, there
were significant elevations in different parameters, with a peak at T-2 for red blood cell
concentration (~40%), haemoglobin (~42%) and haematocrit (~44%) in relation to the values
determined at rest. However, these concentrations returned to pre-test values after 30 min of
recovery (P>0.05). These results have been observed in different equine disciplines (Binda et
al., 2016; Capelleto et al., 2009; Casella et al., 2016; Kupczynski and Spitalniak, 2015;
Santiago et al., 2013; Santiago et al., 2014) and indicate typical and physiological adaptation
to the proposed exercise in fit horses. Further analysis of the horses’ blood cells revealed that
leukocyte concentrations increased (~29%) in relation to the values obtained in the pre-test.
Lymphocyte concentrations also followed this trend until 30 min into the recovery period.
However, at the end of the recovery period, lymphocyte concentrations were lower, similar to
the reduction observed in endurance horses (Cywinska et al., 2010). Until now, there have
been no reports regarding this process in barrel horses. Reduction in lymphocytes
concentrations during the recovery period have been associated with duration and intensity of
exercise in different species and are not affected by the level of conditioning (Kendall et al.,
1990; Pedersen et al, 1998). This process had been related to some reduction in immune

defenses, which may compromise the horse’s full recovery during or after the championships.
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CONCLUSION

Simulated barrel racing tests with two races conducted within a short interval were
able to induce alterations compatible with the proposed physical effort, with HRs close to the
maximum for the species and elevations in some biomarkers that returned to the
concentrations observed in the pre-test. Additionally, a significant possible reduction in
immune function produced by a reduction in lymphocyte concentrations was noted at the end
of the recovery period. Thus, these observations may be used to evaluate this type of exercise
and were proved to be an excellent tool for understanding the physiological adaptations that
occur during barrel racing field tests, contributing to the implementation of training and
nutritional programs compatible with this equestrian discipline and helping to promote better

performance and well-being of horses.
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Table 1. Heart rate (HR), speed, duration, running distance and percentage ranges of HR in
horses submitted to the barrel racing field test

Parameter Races!

15t race 2" race
Duration (min) 1.09 + 0.04 1.18 £0.02
Running distance (m) 189+5 A 175+4 B
Minimum HR (bpm) 118.33+3.88A 93.23+442B
Average HR (bpm) 151.53 £4.75 157.62 +4.80
Maximum HR (bpm) 201.80 +4.96 202.62 +3.43
Average speed (m/s) 2.67+0.08 A 227+0.05B
Maximum speed (m/s) 10.71 £ 0.30 10.85+0.13
% of HR <150 bpm 56.54+8.04 A 36.00+5.15B
% of HR between 150 and 170 bpm 3.46+0.99 4.00+1.26
% of HR > 170 bpm 27.23+7.08 B 56.82+£597 A

Different capital letters on the same line indicate significant statistical difference between the
averages (P<0.05) obtained by Tukey’s test.
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Table 2. Heart rate and biomarkers of metabolism of carbohydrates, proteins, lipids, enzymes
and hormones in Quarter Horses submitted to the barrel racing field test

Parameter! Evaluation phase*’
T-0 T-1 T-2 T-15 T-30 T-240

Heart rate 38.07+  203.69+ 20446+ 7557+ 62.86 + 3743 +
(bpm) 1.80 4.61 3.49 3.48 4.20 2.05

C A A B B C
Cortisol 18844+ 331.63+ 467.10+ 32694+ 30625+ 171.89+
(nmol/L) 36.69 70.91 97.12 48.83 4525 32.56

B AB A AB AB B
Glucose 5.66+0.52 6.11+021 7.72+032 7.15+0.38 7.05+0.32 5.34+0.22
(mmol/L) CD BCD A AB ABC D
Lactate 13.79 + 12.59 +
(mmol/L) 1.60 £ 0.07 9.35+0.40 0.63 570 8.65+0.84 1.54+0.02

C B B C

A A
Total 69.10 + 77.30 + 76.30 + 72.40 + 69.10 + 68.60 +
protein 1.80 1.90 2.30 2.60 1.60 1.80
(g/L) B A AB AB B B
Albumin 28.40 + 35.40 + 33.40 + 27.00 + 28.70 + 28.60 +
(g/L) 2.60 2.20 2.00 1.70 2.40 2.60
Globulin 40.80 + 41.90 + 42.90 + 45.40 + 40.50 + 40.00 +
(g/L) 2.50 3.20 3.20 3.00 2.90 3.50
Urea 10.03 + 11.22 + 12.10 + 11.93 + 11.06 + 12.15+
(mmol/L) 0.84 0.69 0.84 1.17 0.70 0.74
Creatinine 91.94 + 11050+  113.15+ 10343+ 9636+ 89.28 +
(nmol/L) 6.19 5.30 5.30 5.30 6.19 5.30
AB AB A AB AB B

Uric acid 13859+  142.16+ 14929+ 15286+ 16298+ 139.18+
(nmol/L) 1.78 2.38 2.38 3.57 7.14 2.38

B B AB AB A B
Triglyceride 1.63+0.03 1.67+0.03 1.98+0.05 2.52+0.14 2.59+0.28 1.67+0.05
s (mmol/L) C C ABC AB A BC
Cholesterol
(mmol/L) 2.08+0.06 2.29+0.09 2.33+0.10 2.20+0.08 2.12+0.10 2.11+0.06
NEFA 0.1840.04 0.12+0.01 0.15+0.02 0.17+0.03 0.13+0.02 0.23 +0.03
(mmo/L)
GGT 0.52+0.03 0.55+0.04 0.50+0.02 0.50+0.04 0.51+0.05 0.51 +0.04
(ukat/L)

CK (ukat/L) 4.60+0.69 5.76+0.85 591 +£1.17 557+1.00 5.52+1.09 6.46+1.47

'K = creatine kinase; GGT = gammaglutamyltransferase; NEFA = non-esterified fatty acids.
“Different capital letters on the same line represents statistical difference (P<0.05) by Tukey’s
test.

3T0 = at rest, T1 = immediately after first race, T2 = immediately after second race, T15 = 15
min after second race, T30 = 30 min after second race, T240 = 240 min after second race.
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Table 3. Haematological biomarkers in Quarter Horses submitted to the barrel racing field
test

Parameter! Evaluation phase??
T-0 T-1 T-2 T-15 T-30 T-240
Red blood 8.64+0.36 11.89 + 12.13 + 1038+  9.39+0.36 8.50+0.16
cells C 0.23 0,26 0.27 BC C
(x10/pL) A A B
Haemoglobin 13.57 + 18.93 + 19.31 £ 16.43 + 14.90 + 1341 +
(g/dL) 0.58 0.41 0,45 0.53 0.63 0.31
C A A B BC C
Haematocrit 39.83 + 55.81 + 57.58 + 4927 + 4395 + 39.09 +
(%) 1.74 1.09 1,29 1.51 1.84 0.82
C A A B BC C
MCYV (fL) 46.09 = 46.99 + 4748 + 47.46 + 46.75 + 46.01 +
0.58 0.59 0.59 0.62 0.61 0.57
MCHC (g/dL) 34.09 + 3393 + 33.55+ 3333 £ 3391 £ 3429 +
0.17 0.20 0.17 0.17 0.21 0.21
AB AB AB B AB A
RDW-SD (fL) 36.94 + 37.62 + 37.73 + 37.54 + 37.01 36.76 £
0.46 0.49 0.53 0.48 0.46 0.46
RDW-CV 19.68 + 19.84 + 19.60 + 19.34 £ 19.44 + 19.59 +
(%) 0.18 0.18 0.18 0.18 0.17 0.15
Platelets 4093 + 45.94 + 48.93 + 37.26 + 38.45 38.64 +
(x103/uL) 10.94 12.28 13.08 9.96 +10.28 10.33
Leukocytes 8.31+0.32 10.06 + 10.73 + 961+ 883+042 10.11=+
(x10%/uL) D 0.32 0.44 0.35 BCD 0.53
ABC A ABCD AB
Lymphocytes 2.91+025 4.09+029 449+031 394+ 3524028 2.60+0.20
(x10%/uL) CD AB A 0.26 ABCD D
ABC
Others 540+ 0.30 5.98+0.33 6.24+041 567+ 531+0.36 7.51+£0.53
(x103/uL) B AB AB 0.34 B A
B

'MCHC = mean corpuscular haemoglobin concentration; MCV = mean corpuscular volume;
RDW = red blood cell distribution width; SD = standard deviation, CV = coefficient of
variation.

“Different capital letters on the same line represents statistical difference (P<0.05) by Tukey’s
test.

3T0 = at rest, T1 = immediately after first race, T2 = immediately after second race, T15 = 15
min after second race, T30 = 30 min after second race, T240 = 240 min after second race.
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7 CONSIDERACOES FINAIS

Com a utilizag¢do de simulagdes a campo, as quais nos possibilita replicar as condigdes
de pista como também climaticas, aproximando os equinos atletas dos reais desafios das
competi¢des, auxiliando desta forma no entendimento de como ocorrem as adaptagdes
fisiologicas neste grupo de atletas, com o compartilhamento destas informagdes para os
técnicos e treinadores envolvidos, pode-se contribuir para o desenvolvimento de programas de
treinamento e nutricionais adequados, possibilitando uma melhor performance e consequente

bem-estar desses equinos.



