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SUMMARY 
 

The objective of this review is to discuss aspects of 
the practice of endurance racing and alternatives to 
reduce oxidative stress in horses. Characterized by 
a high aerobic effort and requirement of the 
organic systems for maintenance of homeostasis, 
the endurance race is a form of sport for horses 
that demands great attention to the physical 
preparation of these animals and must be 
progressive, paying attention to the physiological 
parameters to evaluate the adaptation of the 
organism. To begin the preparation, the animals 
must be at least five years old and the duration can 
be on average of three years. Another factor that 
may be detrimental to the health and well-being of 
competing horses is the occurrence of oxidative 
stress, due to the accumulation of free radicals in 
the tissues, generating post-exercise muscle 
injuries. Antioxidant supplementation has been an 
alternative to this disorder. Several studies using 
compounds rich in antioxidant enzymes, such as 
superoxide dismutase (SOD), catalase (CAT) and 
glutathione peroxidase (GPx), demonstrate 
positive effects on antioxidant status, markers of 
oxidative stress and muscle enzymes, which may 
represent an improvement in performance during 
the exercise and recovery of animals destined to 
the practice of equestrian sports. Therefore, a 
correct physical preparation becomes crucial and 
antioxidant supplementation may be used to 
maintain the health and well-being of horses 
destined to the equestrian endurance practice. 
 
Keywords: adaptation, enzymes, equine, 
exercise fisiology, oxidative stress 
 

RESUMO 
 

Objetivou-se com esta revisão discutir aspectos da 
prática de enduro equestre e alternativas para 
reduzir o estresse oxidativo em cavalos. 
Caracterizado por um alto esforço aeróbio e 
exigência dos sistemas orgânicos para manutenção 
da homeostase, o enduro equestre é uma 
modalidade de esporte para cavalos que exige 
grande atenção à preparação física desses animais 
e deve ser progressiva, atentando-se aos 
parâmetros fisiológicos para avaliar a adaptação do 
organismo. Para iniciar a preparação, os animais 
devem ter pelo menos cinco anos de idade e a 
duração pode ser em média de três anos. Outro 
fator que pode ser prejudicial para a saúde e o 
bem-estar dos cavalos concorrentes é a ocorrência 
de estresse oxidativo, por acúmulo de radicais 
livres nos tecidos, gerando lesões musculares pós-
exercício. A suplementação com antioxidantes tem 
sido uma alternativa a esta desordem. Vários 
estudos utilizando compostos ricos em enzimas 
antioxidantes, como superóxido dismutase (SOD), 
catalase (CAT) e glutationa peroxidase (GPx), 
demonstram efeitos positivos no estado 
antioxidante, marcadores de estresse oxidativo e 
enzimas musculares, o que pode representar uma 
melhora no desempenho durante o exercício e 
recuperação de animais destinados à prática de 
esportes equestres. Portanto, uma preparação física 
correta torna-se crucial, podendo-se recorrer à 
suplementação antioxidante para manter a saúde e 
o bem-estar dos cavalos destinados à prática de 
enduro equestre. 
 
Palavras-chave: adaptação, enzimas, equino, 
fisiologia do exercício, estresse oxidativo 
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INTRODUCTION 

 
The endurance race is an equestrian 
sport consisting of long distance races 
(which can cover up to 100 miles), 
where competitors will encounter 
obstacles such as steep hills, water 
crossings and ditches (HODGSON et 
al., 2013). In these long races, where 
animals are challenged to the extreme 
stress of exercise, procedures must be 
carried out to ensure the animal physical 
safety, which is why, during 
competitions, animals are examined and 
evaluated by veterinarians before, during 
(at a certain distance there is a "vetstop" 
or "vetcheck"), so the horses can be 
evaluated and hydrated. If the 
veterinarian approves them, they 
continue until the next stop and after the 
event. What is interesting is that this type 
of competition is the only one where the 
animal can be disqualified after crossing 
the finish line if the veterinarian does not 
approve it. The animal must have pre-
determined normal physical conditions 
(e.g. heart rate and respiratory rate). 
Horses may not start competing before 
60 months (5 years of age) at distances 
that cover 50 miles or more. The animal 
must be an adult, since the back of a 
young horse is much more susceptible 
to injury when subjected to a high 
pressure (HODGSON et al., 2013). 
Since the training should be long and 
intense, it is important to state that, in 
any sign of injuries or potential 
problems, the horse must stop training 
and be treated until recovered, the 
problem must be solved prior to the 
training program and, if it occurs during 
or at the beginning, pause the training 
until the animal can retrain. Therefore, 
to prepare an animal to compete in an 
endurance race, it is not only necessary 
an adequate aerobic training program, 
but also an anaerobic one to make the 
animal adequate and to complete the 
challenges in healthy conditions. In 
addition to training, it is possible to 

resort to dietary supplementation in 
order to promote reduction of 
inflammation and oxidative stress, 
allowing an improvement in the animal 
performance, combating muscle fatigue 
and speeding up recovery after exercise. 
Therefore, the objective of this review 
article is to discuss the physiological 
aspects and the use of antioxidant 
supplementation for horses destined to 
the practice of equestrian endurance. 
 

TRAINING PROGRAM 
 

Training should be progressive and may 
take up to 3 years to prepare a horse for 
a 100-mile run (HODGSON et al., 
2013), as several physiological 
parameters are changed during 
competitions and training for equestrian 
endurance (MIYASHIRO et al., 2012). 
In the first stage, the horse must be 
trained at the basic level for long 
periods to ensure adaptation and 
decrease the chance of injury occurring, 
about 3 to 5 months (HODGSON et al., 
2013). According to Allen et al. (2016a) 
field exercises have advantages over 
treadmill exercises, since they allow the 
horse to be examined in an environment 
similar to what it normally performs. In 
the second phase of training (anaerobic) 
there is an increase in blood lactate 
concentration during exercise, this 
condition stimulates the body to adapt 
to get rid of this lactate (HODGSON et 
al., 2013), being used in 
gluconeogenesis for glucose formation 
(BOTTEON, 2012).  
It is important to focus on exercises that 
provide heart rate and breathing 
recovery. This is interesting for the 
development of the horse, since the 
recovery of the physiological 
parameters is an important criterion of 
the endurance race. (HODGSON et al., 
2013).  
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The use of rational training programs 
promotes adaptations to stress levels, 
providing improvement in athletic 
performance and reducing the possibility 
of injuries, especially in the 
musculoskeletal system. (FERRAZ et al., 
2010). 
The Arabian horse is the most used for 
this sport, because it has 
morphophysiological characteristics that 
favor resistance, such as defined and 
developed musculature, with a 
predominance of type I muscle fibers. 
(D’ANGELIS et al., 2005).  
When subjected to intense physical 
effort, the animal's organism triggers a 
systemic effect, activating the 
sympathetic nervous system and the 
hypothalamic-pituitary-adrenal (HPA) 
axis, responsible for cortisol release 
(GRAAF-ROELFSEMA et al., 2007). 
When assessing blood cortisol levels of 
Arabian horses submitted to treadmill 
test, Ferraz et al., (2010) observed 
elevation of plasma cortisol levels as the 
intensity of physical effort increased, 
demonstrating that such physiological 
variable can be used to indicate 
additional stressful stimulus during a 
training program. 
 

THE MUSCULOSKELETAL SYSTEM 
 

Exercise generates metabolic waste, the 
most important is lactate, which is 
produced under anaerobic conditions. 
For work, muscles need energy and this 
energy comes from glucose through a 
process called glycolysis, in which 
glucose is metabolized into pyruvate 
after a series of steps. When oxygen is 
available to the body (an aerobic 
condition), pyruvate is taken to the 
Krebs cycle, where it will be converted 
into more energy. However, when 
oxygen is limited for any reason, the 
body converts pyruvate to lactate, which 
allows glucose to decompose and thus 

produces energy. (NELSON & COX, 
2017). Aerobic athletic ability can be 
evaluated by maximal oxygen uptake 
(VO2max) (ALLEN et al., 2016a). 
VO2max can be obtained by using a 
respiratory gas mask and a flow system 
(ROSE et al, 1990) or by indirect test, 
using equations such as expressed in the 
Fick:VO2= Q x (a - v)O2, where Q is the 
cardiac output in l min-1 and (a - v)O2 is 
the arterial venous oxygen content 
difference (WALKER et al., 2010). In 
horses submitted to resistance training, 
adaptations promoting the increase of 
VO2max, which consists of a rise in 
capillarization and mitochondrial 
density and changes in the main 
metabolic enzymes. (LEISSON et al, 
2008). 
There is a relationship between lactate 
production and removal/metabolism, 
represented by a velocity curve.  The 
deflection within the lactate–velocity 
curve has been seen to occur in horses 
at a blood lactate concentration of 2–4 
mmol/L and represents the beginning of 
an imbalance between lactate 
production and its metabolism 
(CAMPBELL, 2011). The speed at 
which the blood lactate concentration 
reaches 4 mmol/L (VLa4), is a 
commonly parameter used ‘artificially 
determined’ anaerobic threshold.  A 
decrease in VLa4 is often associated 
with respiratory disease. (MARE et al., 
2017).  
Muscles will start to "burn" fat instead of 
other energy sources during long-
distance exercises, which is good and 
desirable, since fat oxidation releases 
less heat than other types of oxidation 
(HODGSON et al., 2013). According to 
Ishii & Nishida (2013), the concentration 
of calcium (Ca++) has been shown to be 
responsible for the control of muscle 
contraction and glycogenolysis rate. 
Muscle fatigue during a continuous 
submaximal isometric contraction, 
performed at medium to high intensity [> 
30% Maximal voluntary contraction, 
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(MVC)] can be explained by changes in 
Ca++ metabolism due to an excitation-
contraction coupling failure.  
In horses subjected to intense exercise, 
there is a raise in the activity of Nitric 
Oxide Synthase, signaled by an increase 
in the cytosolic concentration of calcium, 
which produces nitrogen radicals (NRs), 
contributing to the triggering of radical 
reactions that can result in tissue 
dysfunction and consequently muscle 
fatigue (BREDT, 2003). However, 
equine skeletal muscles have a 
heterogeneous composition of 
myofibrils, which are related to 
adaptations coming from athletic 
abilities in endurance events (GONDIM 
et al., 2005). 
Measurement of muscle enzymes 
(creatine kinase [CK] and aspartate 
aminotransferase) before and after 
exercise provides information related to 
muscle damage and it may be useful to 
evaluate individuals with clinical or 
subclinical myopathy. It should be taken 
into account the possibility of 
variability in the serum CK activity due 
to the greater permeability of the cell 
membrane, especially if the exercise is 
prolonged or intense (ALLEN et al., 
2016a). According to Wilberger et al. 
(2015) in healthy endurance racehorses, 
it is not uncommon to find CK levels 
greater than 1000 iu/L, so in some cases 
it is difficult to interpret whether the 
elevation of the CK blood enzyme is a 
physiological or pathological case 
(ALLEN et al., 2016a) 
 

CARDIOVASCULAR, RESPIRATORY 

AND HEMATOLOGICAL SYSTEMS 
 

The aerobic capacity of equine athletes 
can be partially explained by the 
development of the cardiac system 
associated to exercise (BONOMO et al., 
2014). The best horse for endurance 
racing, or those considered at higher 

fitness levels, are those who have their 
heart rate dropping faster (HODGSON 
et al., 2013). Heart growth is associated 
with an improvement in diastolic 
function, which provides speed and 
contraction force required for exercise. 
Different adaptation at the structural 
proteins of the sarcomeres, like actin 
and myosin will happen. The synthesis 
of these proteins will result in the 
increase of thickness (normally 
anaerobic trainings) and length of 
myofibrils (normally aerobic exercises) 
making the sarcomeres bigger 
(MORGAN & BAKER, 1991).  
With this improvement, the heart will 
be able to pump more blood at a time, 
resulting in a lowering at heart rate 
average (PERRAULT & TURCOTTE, 
2012). Historically, equine athletes have 
been reported to have extraordinarily 
large hearts. More recently, scientific 
evidence has confirmed associations of 
left ventricular size with both VO2max 
and race performance (ALLEN, et al., 
2016a). In a study, Dumont et al. (2010) 
found an average heart rate of 35.85 
beats per minute (bpm) at rest and an 
average of 53.78 bpm post-exercise in 
purebred Arabian horses submitted to 
prolonged exercise endurance race. The 
size of the heart varies according to the 
weight of the animal. In horses, this 
value is 0.8 to 1.0% of body weight in 
purebred horses, and in other breeds it is 
0.6 to 0.8%. The position of the cardiac 
apex of horses is 2 to 3 cm in respect to 
the sternum. (GOMES, 2005).  
Muscles will have an increase in the 
number of capillary vessels as a result 
of training. This development of vessels 
allows the blood to circulate more 
through the muscles. This prolonged 
time of contact, also increased by long 
time exercises, allows the muscle to 
have a greater exchange with the blood 
(e.g. greater uptake of glucose and free 
fat acids and removal of lactate and 
carbon dioxide from the muscle) 
(HODGSON et al., 2013). 
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Knowing the details of the respiratory 
function of horses is essential for an 
adequate evaluation of this system. 
Even in healthy horses, the respiratory 
system may constitute a limiting factor 
to the maximum performance of equine 
athletes (WATANABE et al., 2009). 
From the calculation of the maximum 
oxygen consumption (VO2max) it is 
possible to evaluate the aerobic capacity 
of an individual and it becomes an 
important predictor of the performance 
as the competition distance increases 
(ALLEN et al., 2016b). 
Also responsible for the increases in 
VO2max are the red blood cells, which 
also have an increase in their number. The 
reflection of this is better 
thermoregulation and oxygen distribution 
in body tissues (HODGSON et al., 2013). 
Oxygen can only be transported due the 
linked integration between lungs, heart, 
circulation and muscle. According to 
Wagner (2005) the path of the oxygen 
during the exercise is “ventilation and 
alveolar–capillary diffusion (in the 
lung), hemoglobin binding, blood flow 
(in the circulation), and capillary–
mitochondrial diffusion (in muscle)”.  
 

SUPLEMMENTATION ANTIOXIDANT 
 

When subjected to intense exercise, the 
animal body tends to consume more 
oxygen (O2) (SATO et al., 2015). 
Oxygen molecules have a strong 
tendency to receive an electron, due to 
their electron configuration, forming the 
superoxide (O2

-) radical. This radical, by 
receiving one more electron and two 
hydrogen atoms, through a process 
called dismutation, forms hydrogen 
peroxide (H2O2) (SCHNEIDER & 
OLIVEIRA, 2004), increasing the 
production of free radicals in the 
musculature, causing oxidative stress. 
From this reaction, accelerated muscle 

fatigue occurs, causing damage to 
muscle fibers (SATO et al., 2015).  
Some enzymes are released into the 
bloodstream, after exercise, when 
muscle fibers are damaged. Among 
them, creatine kinase (CK), aspartate 
aminotransferase (AST) and lactate 
dehydrogenase (LDH) are used to 
indicate muscle damage 
(THOMASSIAN et al., 2007). In a 
study, Sato et al. (2015) observed a 
reduction in serum levels of creatine 
kinase (CK) and isoenzyme-5 lactate 
dehydrogenase (LDH-5) activity in 
horses submitted to exercise receiving 
continuous daily supplementation of 
astaxanthin (75 mg) and L-carnitine  
(3,000 mg) for 8 weeks. This prevented 
the appearance of clinical signs of 
rhabdomyolysis, a muscular 
degenerative pathological process that 
occurs commonly after an episode of 
intense physical exercise, due to the 
excess of lactate in the musculature.  
The natural antioxidant defense system 
fights against oxidative stress in part 
due to the action of enzymes: 
superoxide dismutase (SOD), catalase 
(CAT) and glutathione peroxidase 
(GPx) (SCHNEIDER & OLIVEIRA, 
2004), which are involved in the 
removal of O2

- and H2O2 (JIMÉNEZ et 
al., 2005).  
In equine athletes, several experiments 
with antioxidant suplemmentation 
provided evidence that exercise-induced 
disorders could be partially avoided. 
Many antioxidant compounds that are 
present in the diet may have health 
benefits and there is evidence that the 
consumption of these products causes a 
reduction in the expression of different 
biomarkers of oxidative stress (NOTIN 
et al., 2010) 
Mélo et al. (2016) confirmed that 
supplementation with a mixture of 
polyunsaturated fatty acids and vitamin 
E over an eight-week period was able to 
increase the concentration of 
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biomarkers GPx, SOD in horses under maintenance 
and in training, reducing the effects of 
oxidative stress.  
Moffarts et al. (2005) using a mixture of 
vitamins and trace elements (ascorbic 
acid: 11500 mg, alpha-tocopherol 
acetate: 7000 mg, beta-carotene: 500 
mg, copper: 187 mg, zinc: 769 mg and 
selenium: 7 mg), administered on 
purebred horses over a period of three 
months, found an improvement in 
antioxidant capacity and GPx activity. 
Williams et al. (2004) reported an 
increase in the antioxidant status of 
endurance race horses supplemented 
with lipoic acid and vitamin E. Notin et 
al., (2010) demonstrated that oral 
supplementation with cantaloupe melon 
extract (CME) in the amount of 500 IU/ 
day could limit the increase in plasma 
CK, reducing the oxidative stress in 
Standardbreds horses.  
Although several studies have been 
conducted to evaluate antioxidant status 
and other metabolites and markers of 
oxidative stress in exercise horses, there 
is a long way to go in order to 
understand the great variation of results 
with or without antioxidant 
supplementation (WILLIAMS, 2016). 
Understanding the exercise physiology 
is crucial for proper training of 
endurance horses. For this to occur, a 
qualified professional should evaluate 
the physiological variables of all 
systems, verifying if these animals are 
correctly adapted to the practice of 
exercises and if they have fitness for 
this sport. 
Experiments demonstrate that 
supplementation with antioxidant 
compounds can provide better health 
and well-being to animals  during high-
endurance sports. However, attention 
should be paid to the concentration of 
the compounds offered to such animals, 
so that they are not supplemented above 
the appropriate level causing 
undesirable effects. 

In general, studies that evaluate 
antioxidant supplementation for equine 
athletes are performed on animals of 
different ages, races and sex.  Different 
supplements concentrations are used, 
showing very variable results. Thus, 
more studies are necessary aiming to 
produce supplements that provide 
satisfactory results in the fight against 
oxidative stress in endurance horses. 
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