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   OXIDATIVE STRESS
Oxidative stress is the result of a loss of balance between 
production and elimination of free radicals in the body.  
Free radicals are molecules and atoms that contain an 
unpaired electron, which renders these elements highly 
reactive due to the electron’s drive to be paired again, 
which destabilises other surrounding molecules. Balance 
between pro- and antioxidant activity is essential to 
ensuring the maintenance of cellular homeostasis.
In “normal” physiological conditions, a basal rate of 
oxidative stress is necessary for the body to function 
properly.
Free radicals have three targets in cells throughout the 
body:

- lipids (lipoperoxidation), where membrane permeability 
is altered and can lead to eventual cellular necrosis
- proteins, where they induce enzyme inactivation, 
amino acid oxidation, and breakage of polypeptide 
chains
- DNA, where they induce basic oxidation reactions 
that cause mutations, fragmentation and cuts in DNA 
segments.

   FREE RADICALS AND MUSCLE DAMAGE
Increased production of free radicals during exercise.
The first direct evidence of free radical production during 
physical exercise was reported in rats in studies from 
the 1980s, followed by studies in other species. During 
exercise, the production of free radicals depends mainly 
on two mechanisms:

- a significant increase in oxygen consumption.
- the phenomenon of ischemia-reperfusion in certain organs 
(digestive tract, kidneys) that do not receive adequate blood 
flow during exercise and then are abruptly subjected to 
increased flow when exercise is over.

Lipoperoxidation of cell membranes.
Several studies have confirmed that free radical production 
during exercise is a potential risk factor for muscle damage 
and the development of certain types of muscle fatigue 
associated with the mechanical stress induced by 
muscle function, where lipoperoxidation of cell membranes 
is at the root of increased permeability that leads to the 
development of microscopic lesions in the muscles 
and finally to the release of cytoplasm proteins 
(including CPK).

Along with these micro-lesions in the muscles comes 
the production of cytokines that activate and recruit 
many different inflammatory cells to induce free radical 
production, and thus a vicious cycle of damage.

Biomarkers that measure muscle damage.
Physical exercise, depending on length and intensity, 
modifies the levels of certain biochemical markers 
that are conventionally used to evaluate the extent of 
muscle damage. We thus measure the increase in the 
plasma activity of creatinephosphokinase (CPK) and 
lactate dehydrogenase (LDH) following intense exercise. 
Many studies have also correlated some markers of 
lipoperoxidation with plasma concentrations of intracellular 
enzymes.
(Davies et al., 1982; Hargreaves et al., 2002).
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   ANTIOXIDANT DEFENCES
Throughout the course of evolution, biological organisms 
have developed sophisticated systems of defence to 
neutralise the damaging effects of elements that react with 
oxygen. Studies have demonstrated the presence of two 
antioxidant systems:

1. The best-known system: neutralisation of secondary 
free radicals by free radical captors.
2. A more recently described system: prevention of 
primary free radical formation by antioxidant enzymes.

1- Captors of free radicals
Any substance that is able to capture the unpaired 
electron of a free radical without producing in turn a free 
radical product can be defined as a free radical captor. 
This defence system is composed of a set of exogenous 
compounds (vitamins and trace elements).
There are many captors of free radicals, including vitamin 
E, carotenoids, vitamin C, polyphenols, phytates, and 
others. These molecules capture free radicals and pair 
with the single electron, transforming them into stable 
ions. The vitamins are then destroyed or recycled.
Endogenous compounds can also play the same role; the 
most important of these being glutathion.

2- Antioxidant enzymes
These very effective enzymes are produced constantly 
by the body and are active in very small quantities. This 
endogenous line of defence is composed of three families 
of enzymes:

• Superoxide dismutase (SOD), which is able to 
eliminate the superoxide anion (O2

-), the starting point 
of the production chain of free radicals, by transforming 
it into H2O2.
• Catalases and glutathion peroxidases (GPx), which 
neutralise this compound.

SODs are key enzymes in natural defences against 
free radicals.
Different studies have shown that the production of H2O2 

due to the action of SOD is the earliest factor in setting off 
natural antioxidative defence mechanisms.
SOD enzymes are proteins containing one or several metal 
atoms: these are known as metalloproteins.
There are 3 types of SOD according to the associated 
metallic cofactors and according to the location of the 

enzymes: cytoplasmic SOD Cu/Zn, mitochondrial SOD Mn, 
extra-cellular SOD Cu/Zn.

 SUPPLEMENTATION PER OS AND ANTIOXIDATIVE 
EFFECTIVENESS
Per os supplementation can help restore oxidative balance 
in the body by reducing the production of free radicals and 
by neutralising residual free radicals. Supplementation 
acts simultaneously on endogenous (enzymatic) and 
exogenous (nutritional) systems, thus providing optimum 
effectiveness.

1- Endogenous system: SOD supplementation 
2- Exogenous system: Vitamin E supplementation 
3- Exogenous system: Selenium supplementation

1- Supplementation with SOD

A bioavailable plant source of SOD
In the 90’s, French researchers observed that a specific 
variety of melon (Cucumis melo LC) could be preserved for 
a particularly long period of time compared to traditional 
varieties. They showed that this property is directly related 
to its SOD content, which is 3-4 times greater than in other 
varieties (Lacan and Baccou, 1998).
From this patented melon variety, nutritional SOD 
supplements are produced.
Like other protein enzymes, the role of SOD is dependent 
on its structure. The different stages of digestion can 
cause these proteins to be inactivated by gastric acid 
or by contact with digestive proteases. Therefore, for it 
to be active in oral form, SOD must be protected during 
digestive transit to ensure bioavailability and effectiveness 
in the body.
PROMUTASE® is a patented form of bioavailable SOD: 
the SOD is protected inside a matrix of vegetable fat, and 
adsorbed on a mineral support.

Demonstrated in vitro and in vivo activity
Using rodent macrophages, researchers have shown in 
vitro that the melon extract inhibits the production of the 
superoxide ion as well as peroxinitrite in a dose-dependent 
manner. (Vouldoukis et al., 2004 a).

© Laboratoires AUDEVARD

SOD* H2O2 H2O + O2

RESIDUAL
OXIDATIVE STRESS 

ºO2, H2O2, OHº 
Primary free

radicals

ROOº
Toxic secondary

free radicals

*Superoxide dismutase

ROOº
Toxic

secondary
free radicals

Catalase
Peroxydase

Vitamins A,C,E,
Polyphenols…

Neutralised

Neutralised

NeutralisedNe
ut

ra
lis

ed

Bibliographical Review MYOSTEM Protec – Scientific depar tment, Audevard Labs - Januar y 20092



In vivo, oral supplementation with encapsulated SOD for 
28 days in mice induces a significant increase in the activity 
of circulating antioxidant enzymes, associated with more 
resistant red blood cells against chemical stress-induced 
haemolysis (Vouldoukis et al., 2004 b).
In humans, a randomised double-blind placebo-controlled 
study confirmed the protective effect of encapsulated SOD 
against oxidative cellular stress induced by hyperbaric 
oxygen (Muth et al., 2004).
Finally, in horses, a protocol using PROMUTASE® 
supplementation for 60 days, in a double-blind placebo-
controlled study, shows a significant increase of SOD 
activity in erythrocytes, a greater resistance to red cells 
haemolysis induced by oxidative stress as well as a limited 
increase in creatine phosphokinase (CPK) activity induced 
by training (SEPPIC study, 2008).

2- Vitamin E supplementation

Vitamin E is part of an exogenous antioxidant system of 
defence whose effectiveness depends mainly on nutritional 
intake. 

Vitamin E balance
Even though the recommended daily allowance (RDA) in 
sports horses weighing 500 kg  during training is estimated 
at approximately 1000 IU/day (NRC, 2007), it would seem 
that an intake of three to five times greater would be 
preferable in maintaining the correct vitamin balance in 
horses during intense training (Williams et al., 2004). However, 
an intake 10 times above the RDA, at 10 000 IU/day 
(which corresponds to the NRC maximum recommended 
dose) is too high, because it can interfere with vitamin C 
metabolism (Williams, 2006).
In humans and animals, many studies report more extensive 
muscle damage in subjects that have deficiencies in 
vitamin E. Therefore, vitamin E deficiency can lead to an 
increase in lipid peroxidation. This translates into a greater 
prevalence of exercise-induced tissue damage (Amelink et 
al, 1991) and the presence of biochemical markers of lipid 
membrane degradation
(Kelly et al., 1996).

Vitamin E supplementation and training
Vitamin E requirements are increased by regular exercise, 
and a decrease in plasma and muscle concentrations of 
vitamin E due to training and exercise have been described 
in horses (Avellini et al., 1999). Studies have been carried out 
on the impact of vitamin E supplementation on the rate 
of lipid peroxidation in animals without deficiencies. They 
have shown that vitamin E supplementation helps prevent 
damage caused by oxidative stress, with a decrease in 
lipoperoxidation and protein oxidation, as well as a decrease 
in CPK release by muscle fibres (Sumida et al., 1989, Williams et 
al., 2004). Therefore, and in many species, vitamin E and 
selenium levels are significantly and negatively correlated 
to CPK activity. In horses, antioxidant supplementation 
can therefore prevent progressive increases in CPK that 
are sometimes observed during training (SEPPIC study, 2008). 
To a certain degree, an adequate antioxidant balance 
can contribute to maintaining plasma CPK activity at 
physiological levels.

3-  Selenium supplementation

Selenium is an essential element because, among its other 
roles, it is the cofactor of glutathion peroxidase (GPx) that 
catalyses the neutralisation of hydrogen peroxides (free 
radicals). It binds to the active site on the enzyme and fully 
participates in combating the effects of oxidants. There 
is a close interaction between selenium and vitamin E to 
harmonise the struggle against free radical species whose 
production increases during exercise.

Selenium levels
Selenium balance can be determined by measuring plasma 
or selenium levels, which reflect recent nutritional intake. 
In adult horses, “normal” circulating selenium levels are 
between 130 and 160 ng/ml (Snow and Herdt, 1992). Selenium-
dependant GPx activity is the best indicator of selenium 
levels, because it reflects prior nutritional intake. Generally 
assayed in concordance with erythrocyte levels, selenium 
levels take a long time to increase after supplementation is 
initiated because it is bound to the erythrocyte pool (renewal 
in approximately 140-155 days).
Daily requirements in selenium for sports horses are not 
absolute, and do in fact vary between 1.5 to 3 mg/day 
for a 500kg horse during training, according to different 
authors.  In horses, the maximum tolerated concentration 
of selenium is 5.5 mg per kg of dry matter ingested 
(NRC, 2005).

Risk of deficiency
This risk is related to insufficient intake, combined with 
increased requirements in a sports horse. In fact, it 
seems that due to the poor selenium content in European 
soil, insufficient intake is a common finding. French soil 
provides only 50 % of the daily required selenium intake 
(Coïc and Coppenet, 1989).
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In approximately 50 horses in endurance racing, Robert 
and Demangeon (2007) report that around one third of the 
group was selenium deficient and that this deficiency is 
related to an increase in the risk of adverse performance. 
As well, an analysis of 227 plasma trace element profiles 
shows that in non-supplemented trotters (n = 82, 
consuming cereal grains and hay), the average selenium 
blood levels observed are 2 to 3 times less (57 µg/l 
compared to 147 µg/l) than those observed in 145 trotters 
who were supplemented (Audevard findings, 2007).

As well, both human and horse athletes are more exposed 
to selenium deficiency because physical activity increases 
selenium depletion (Pagan et al., 1999). In a group of non-
supplemented trotters, a decrease of 30% in selenium 
plasma levels was observed after two months of intense 
competition (Audevard findings, 2007).
Selenium deficiency leads to a depleted level of GPx in all 
body tissues. In animals, a deficit in selenium causes an 
increase in exhaled pentane, which reflects the increase 
in membrane peroxidation. As well, these depleted states 
are characterised by a decrease in immune resistance 
(Bigard and Guezennec, 2007).

Selenium supplementation
Providing selenium to subjects with deficiencies helps to 
correct problems and to prevent the onset of deficiency-
related disorders. Therefore, in horses, many authors have 
observed that selenium supplementation helps increase 
GPx activity in body tissues (Roneus and Lindholm, 1983, Janicki 
et al., 2000, Richardson et al., 2006).
Supplementation can be done using two different types 
of selenium:

- inorganic selenium (sodium selenite or selenate), the 
form most commonly used in supplementation
- organic selenium in the form of selenocystine, 
selenocysteine and selenomethionine, the forms of 
selenium that are present in plants and cereals, or 
combined with yeasts.

According to Pagan et al., (1999), the apparent digestibility 
and retention of organic selenium is, in horses, greater than 
that of inorganic selenium. As well, selenium excretion 
following exercise is less significant when supplementation 
is with an organic source than with an inorganic form of 
selenium.
The direct mechanism of genomic expression by 
selenium confers it with the status of nutrigenomic 
element (Dawson, 2006).

   CONCLUSION
Oxidative stress related to exercise is greater when 
exercise intensity is high and the subject has not been 
in training. During training, an adaptive response to this 
oxidative stress takes place, leading to complementary 
activation of both endogenous and exogenous antioxidant 
systems. These responses seek to limit the extent
of damage to cells due to exercise. The antioxidant 
requirements in athletes, whether human or animal, are 
therefore higher than in the sedentary population.
Supplementation with antioxidants, by limiting muscle 
damage, contributes to maintaining the physical integrity 
of equine athletes and therefore fulfils the aim of enhancing 
performance naturally.
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