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ANTIOXIDANTS A AND EXERCISE 

Introduction 

Hard exercise and increased oxygen consumption in the exercising muscles cause 

an increase in oxygen uptake at both the level of the whole body and in the skeletal 

muscles. Most of the oxygen consumed is used in the mitochondria for oxidative 

phosphorylation and is reduced to water in the Electron Transport Chain (ETC). A small 

fraction of the oxygen (about 2-5%) is not used for this process, but is instead converted 

into free radicals, which are harmful for the body in too high concentrations. This 

happens because they contain an unpaired electron in their structure. These oxygen 

particles are classified as "reactive oxygen species", and are proven to cause cell and 

tissue injury. They are also responsible for certain diseases and to some extent the aging 

process. 

The body has a natural defense system against these free radicals. The 

antioxidants, vitamins, reduced glutathione (GSH), thiols and antioxidant enzymes. Each 

of the antioxidants have their specific role and they complement each other. This 

antioxidant defense system is divided up into different defense lines and they each have 

their specific role. 

The antioxidant defense system maintains normal homeostasis in the cells during 

rest and mild (~xercise, but during heavy exercise the reactive oxygen species increase in 

number too fast for the body and overwhelm the antioxidant capacity, resulting in cell

and tissue damage. 

The antioxidant system can also be weakened by a poor diet and a lack of nutrients, 

pathologic conditions or pharmacological intervention, including intake of certain 

medications. When this happens, the body is said to be in "oxidative stress". 
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Production of Reactive Oxygen Species 

There are basically two mechanisms by which reactive oxygen species (ROS) can 

be produced during exercise. The first way is via an electron leak at the electron transport 

chain which produces a superoxide radical. Because the total oxygen consumption during 

heavy exercise can increase 10-20 times compared to normal conditions, the 

mitochondrial superoxide production during exercise is greatly increased. 

The second possible mechanism is the Ischemia reperfusion. During exercise the 

blood flow is forced away from many organs and tissues and forced towards the working 

muscles. During heave exercise certain fibers within the working muscles undergo 

hypoxia. When the exercise then stops during the recovery phase, these regions then 

experience reoxygenation and this can lead to the heavy production of reactive oxygen 

species that occurs during ischemia reperfusion. 

If the oxidative stress is great enough to overcome the antioxidant defense system, 

oxidative damage will occur. Reactive oxygen species can damage practically every 

component in the cell, including proteins, nucleic acids and lipids. Untrained subjects 

and sedentary individuals are more likely to produce oxidative damage if they participate 

in intense exercise without prior exposure. 

Radical formation 

Radical formation is a spilover of the respiratory metabolism in the muscle 

mitochondria. (Karlsson 22). 

Definition of a. radical: A radical is an entity with one or several unpaired electrons in 

the outer electron orbit of the molecule. The entity can be an atom or a molecule, charged 

or uncharged. The unpaired electron is usually externally exchangeable, which is the 

reason for the reactivity of the radical species within the cell. (Karlsson 25). Most 
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radicals are extremely unstable, energy rich entities, resulting from unpaired electrons. 

That is the reason that they are so quick to take part in chemical reactions and convert to 

different substances. The chemical reactions enable the radical species to decrease its 

energy level and its reactivity potential. The final product can be a stable radical 

(hannless species), but it can also have enzymatic reactions where the electron is 

recovered by a nonnal red-ox reaction to fonn water. Most radicals can only exist for a 

fraction of a second before they take part in a chemical reaction. Some radicals have a 

very low energy level and are therefore referred to as stable radicals. 

Metabolism and Radical Fonnation 

There are several mechanisms that can lead to the generation of free radicals 

during exercise. During the process of oxidative phosphorylation in the mitochondria 

most oxygen is used to fonn ATP (Adenotriphosphate). Some of the oxygen can leak out 

and bind with free single electrons from the respiratory chain and later form superoxide 

(02-). These superoxide radicals can lead to the fonnation of hydrogen peroxide (H202) 

and the highly reactive radical hydroxyl (OH). This happens easier if copper or iron are 

present as weIll. During heavy exercise the oxygen consumption in the exercising muscles 

can increase as much as 40 times compared to the resting state (Singh 762). With regular 

exercise the number and size of the mitchondria increase, which increases the risk of 

radical generation. Oxygen is almost never free, but is instead bound to closely related 

proteins: Hemoglobin in the red blood cells and Myoglobin in the heart and skeletal 

muscles. If fn;:e oxygen come too close to an electron in an exchange process or collide 

with a free radicaL the superoxide radical 02 , or active oxygen will be fonned in a 

univalent reaction. The superoxide radical is constantly fonned in the mitochondria at a 

rate detennined by the actual mitochondial oxygen turnover. (Karlsson 26). 
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For fitness sport participants and elite athletes, the production of these free 

radicals in the contracting muscles is the major role for radical-related cell and tissue 

trauma or overuse trauma. 

There is also another way the free radicals can be produced and that is through inhalation 

of environmental pollutants, such as N02 and Ozone. The air can be a direct source of 

free radicals, Dor example Nitrogen Dioxide, or as an indirect sourse through the highly 

reactive pollutants such as Ozone. During heavy exercise that leads to hyperventilation 

there is an increased exposure to these free radicals. (Singh 763). 

(Radical formation is a normal biological process in cellular synthetic processes, 

including formation of DNA and RNA and certain hormones.) 

Aerobic Training and the Production of Free Radicals 

Aerobic training has been proven to increase the prduction of free radicals and 

oxidative stress, because of the leakage of electrons in the Electron Transport Chain 

(ETC). (Tiidus R832). Oxidative stress occurs when the tissues are unable to take care of 

the extra free radicals that are produced. When a muscle or group of muscles are put 

under stress during exercise, the tissues adapt to the stress by increasing their antioxidant 

defense system to counteract the damaging effect of free radicals. 

Exercise induces free radical formation in muscles and in the liver. Exercise also 

causes oxidative damage such as lipid peroxidation. The amount of damage depends in 

the intensity of training and also the state of training. The damage can be reduced by 

taking dietary supplements of different antioxidants, such as vitamin E and coenzyme 

QlO. An athlete who is deficient in either vitamin E or vitamin C risks to have a reduced 

endurance capacity. 
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Defense against Radicals 

Under normal conditions, free radicals formation in the cell is actively kept under 

contol by the antioxidant defense system, the antioxidant strategy. 

The majority of the free radicals are produced in the lipid layers because the 

necessary enzymes for the production are available there. The major lipophilic (lipid 

soluble) antioxidants are vitamin Q, E and Beta-Carotene. These antioxidants act as a 

defense to stop the generation of free radicals. (Karlsson 33). A later line of defense 

include the water soluble vitamin C, several members of the vitamin B group and vitamin 

P (bioflavonoids). This arrangemant of two different defense lines are based on the fact 

that major radical formation start in the lipoidic layers of the cell membranes and then 

transferred to the aqueous compartments. 

Beta-carotene is a lipid-soluble antioxidant. It is most effective as an antioxidant when 

the partial pressure in the tissues is low. This happens during exercise and other 

physiological (~onditions. Beta-carotene can complement vitamin E as a lipid-soluble 

antioxidant because it's considered to be more effective at higher oxygen pressures. 

According to "A Current Perspective on Nutrition and Exercise" it's proven that high 

levels of vitamins C, E and Beta-carotene in the body will protect against oxidative stress 

during exercise. 

Some examples of free radicals: 

• Superoxide radical 02 

• Perhydroxyl radical H2O 

• Hydrogen Peroxide H202 

• Perhydroxyl radical H02 

• Hydroxyl radical OR 
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Nutrition - A Key Role 

Nutrition has a key role in maintaining the bodis enzymatic defences against free 

radicals. Exercise and nutrition have many common roles in prevention and management 

of certain chronic diseases (i.e., hypertension, coronary heart disease, cancer and 

osteoporosis). A proper diet with the adequate intakes of antioxidants, combined with a 

good exercise program is important in the prevention of disease and promotion of 

optimal health and wellbeing. Essential minerals including Selenium, Copper, 

Manganese and Zinc are involved in the structure of catalytic activity of these enzymes. 

Other small-molecular-weight antioxidants are found in the diet. Among these the 

best known are Vitamin R, C and Carotenoid<;. Some foods contain substances with no 

known nutritional function, but they are important to human health because if their 

antioxidant potency. 

Here are some examples of foods that act as antioxidants and also the significant 

substances found in the particular food or food group. 

Food Antioxidant 

Soybean isoflavones, phenolic acids 

green tea, black tea polyphenos, catechins 

coffee phenolic esters 

red wine phenolic acids 

rosemary, sag~~ carnosic acid, rosmaric acid 

citrus fruits bioflavonoids, chalcones 

OnIons quercetin, kaempferol 

olives polyphenols 
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It's important for high performance athletes and elite athletes to keep a good diet. 

The carbohydrate-enriched diet is one example of a performance enhancing diet plan but 

there are others as well. A diet containing nutrients that are essential in the cell's defence 

mechanism against reactive radical species is another important diet plan. Many of these 

nutrients have been recognized as vitamins (vitamin C and E, for example). There are 

also other substances that have many of the same properties as vitamins but are not 

classified as such. Some examples of these substances are vitamin Q (ubiquinone) and 

vitamin P (bioflavonoids). 

Physical conditioning and increased respiratory enzyme activities in the working 

muscles also cause an increased antioxidant enzyme activity and allocation of antioxidant 

nutrients to tht:se specific muscles. By eating a diet containing the right amounts of these 

antioxidants and vitamins the antioxidant capacity can be increased. Indirecdy physical 

performance and the regular health status will benefit as well. 

Major Antioxidant Nutrients 

Vitamin related antioxidants include vitamin E, C and Carotenoids. 

Vitamin E 

Vitamin E is a collective name for numerous different tocopherols and 

tocotrienols which share the same biological activity. Vitamin E is a fat soluble substance 

and is the major antioxidant in all cellular membranes and protects polyunsaturated fatty 

acids against oxidation. 
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Vitamin C 

Vitamin C (ascorbic acid) is a water soluble substance. It is believed to be the 

most important antioxidant in ce11ular fluids, and it has many known intrace11ular 

activities as wel1. 

Vitamin C also has many preventive effects in other medical conditions as well. 

Carotenoids 

The carotenoids are a group of red, yellow, anf orange pigments found in plant 

foods, particularly fruits and vegetables and in the tissues of animals which eat these 

plants. Some cartenoids can act as precursors of vitamin A, but most of them can't. 

Examples of Carotenoids include: beta-carotene, alpha-carotene, lycopene, lutein, 

zeaxanthin and beta-cryptoxanthin. 
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Major Food Sources for Antioxidants 

VitaminE: 

Vitamin C: 

Carotenoids: 

vegetable oils. cold pressed seed oils. wheat germ, 

vegetables, fruits, meat/paultry/fish 

citrus fruits, strawberries, cantaloupe mel1on, tomatoes, 

leafy greens, cabbage, broccoli and cauliflower 

Beta-carotene: yellow/orange vegetables and fruits, dark green vegetables 

Alpha-carotene: carrots 

Lycopene: tomatoes 

Listein and Xeanxanthin: dark green leafY vegetables, broccoli 

Beta-cryptoxanthine: itrus fruits 

Vitamins and Enzymology 

Vitamin Q = Ubiquinone 

A newliy discovered nutrient was found in relation to the cel1's organel1e, the 

mitochondrion, where cellular respiration takes place. Vitamin Q Was found to have a 

special role (action) in the stepwise reduction-oxidation (red-ox) reactions and in the 

electron transport chain. Because of that particular function it was named coenzyme Q. 

(Karlsson 15). 

"Most enzymes consist of a protein (the apoenzyme entity) with the additional 

component of cofacton;. The cofactors can be either organic compounds of low 

molecular mass (or coenzymes) or inorganic ions. Taken together, they are referred to as 

holoenzymes. As to the coenzymes, they are differentiated as either a cosubstate (e.g., a 
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- hydrogen donor) or a prosthetic group. A prosthetic group is more tightly bound to the 

enzyme protein (e.e., flavine adenine dinucleotide, or FAD)." (Karlsson 15) 

The role of vitamin Q in the formation of radicals and in the process of the 

protection of the cell against radicals (the antioxidant function) are well known today. 

Interaction between Antioxidants 

In addition to individual etTects antioxidants interact in synergistic ways and have 

"sparing effects" in which one antioxidant protects another against oxidative destruction. 

For example, vitamin C reinforces the antioxidant effect on vitamin E by regenerating the 

active form of the vitamin after it has reacted with a free radical. Another example is that 

vitamin E can protect the Beta-carotene molecule from oxidation and thus may have a 

sparing effect on this antioxidant. As a result, a combination of different antioxidants 

may be more I:::ffective than larger quantities of a single antioxidant. (Langseth). 
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Vitamin Q, Mitogenic Ligands and Training 

Heavy physical training is known to elevate both muscle and blood lactate and 

pyruvic concentration. Evidense is present that lactate might be partly oxidized by muscle 

tissue at the membrane level resulting in a venous efflux of pyruvate (Karlsson, Rose11 

and Saltin 1972). The cell membrane contains a vitamin Q-coupled NADH reductase to 

transport electrons over the membrane. Membrane bound vitamin Q participates in the 

control of internal pH and calcium exchange. This membrane bound electron transport 

stimulates the cell growth in the same way that other mitogenic factors do. (mitogenic = 

cell growth stimulating). 

Studies have shown that vitamin Q enhances the synthesis and transition of DNA. 

Damage from heavy exercise or trauma from free radicals can occur when the levels of 

antioxidants are depressed or cannot meet the needs of protection. This leads to reduced 

effectiveness of the cell membrane in the skeletal muscles in both fitness athletes and in 

elite athletes. 
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i\NTIOXlDANTS AND THE PREVENTION OF DlSEASES 

Antioxidants and the Prevention of Cancer 

The most important factor in the development of cancer is the damage to the 

DNA. Much of this damage is oxidative in nature. According to research it's estimated 

that a human cell experiences about 10,000 oxidative "hits" to its DNA every day. These 

hits get repain;:d by DNA repair enzymes most of the time, but not always. Oxidative 

damage to the DNA accumulate with age and so does the risk of cancer. 

When a cell containing damaged DNA starts to devide before it is repaired, a permanent 

genetic alteration occurs. This is the first step in care inogen is is. Cells that devide rapidly 

are at a higher risk to develop carcinogens because there is less time to make the repair. 

There is increasing evidence that oxidative processes contribute to the promotion stage of 

carcinogenisis, but the mechanism is not fully explained. Antioxidants may be able to 

slow down or totally prevent this process from turning into cancer. Studies have shown 

that some antioxidants (beta-carotene) may be beneficial in the treatment of oral 

leukoplakia. which may lead to oral cancer. 

Other antioxidants may prevent cancer through other properties than the antioxidative 

action. Carotenoids enhance the immune function and thereby act to prevent cancer. 

According to Langseth there have been many studies showing that people who eat a lot of 

fruit and vegetables are less likely to develop cancer than people who don't. Fruits and 

vegetables are a rich sourse of vitamin C and carotenoids which are both antioxidants. 

Fruits and vegatables also contain vitamin E and B which may protect against cancer. 

Vitamin E is shown to reduce the risk of oral cancer by 50 % according to a study done 

by the U.S. National Cancer Institute. (Langseth). 
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Antioxidants and Cardiovascular Disease 

Some theories suggest that oxidation plays a role in cardiovascular disease in two 

ways. One is involving the long-term development of atherosclerosis and the other one is 

involving the immediate damage that occurs during a heart attack or a stroke. 

Antioxidants can help to counteract both of these problems. 

Oxidation can transform low-density lipoproteins (LDL) into an oxidized form. 

Oxidized LDL (low density lipoprotein) has been found in the damaged arterial walls of 

people with Atherosclerosis. (Langseth 13). Another way that oxidants and antioxidants 

can influence c;ardiovascular disease is through the process of ischemialreperfusion 

injury, which is the tissue damage during a heart attack or a stroke. Ischemia occurs when 

the blood supply to the coronary arteries is cut offby a blockage in the arteries. The heart 

tissue begins to die away due to the oxygen deficit. The only way this damage can be 

prevented from becoming permanent is is the tissue gets new, oxygenated blood again. 

This process is called reperfusion. The reperfusion process has both a good and a bad 

side. it helps the heart from becoming ischemic, but at the same time it forms harmful 

free radicals in the process. (14) 

According to studies described in the book "Oxidants, Antioxidants and Disease 

prevention" cardiovascular disease can be prevented by high intakes of antioxidants. The 

most important antioxidants for this purpose are vitamin E and Beta-carotene. Vitamin C 

hasn't shown toO be as consistent. The protective effect is only visible if the vitamins are 

taken in high doses. A normal diet is not enough, supplementation of these antioxidants 

is necessary to get the optimal effect. 

Not only these most common antioxidants have shown to have a positive effect 

against heart disease. Langseth describes a study that was conducted in The Netherlands. 

This study shows that a high intake of tlavonoids are associated with decreased risk of 

coronary mortality in elderly men. Flavonoids are found in black tea, onions and apples. 
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Garlic is also found to decrease the oxidation of LDL. It is thought to have the same 

effect as the antioxidants found in red wine, which also inhibits this oxidation. 

Antioxidants and Effects on Eye Diseases 

According to recent studies it is true that high dietary intakes of antioxidants can 

help preventing certain eye diseases. In Western countries the most common cause of 

blindness is an age-related disorder of the retina called macular degeneration or 

maculopathy. These diseases are thought to be caused by oxidative processes which can 

be prevented through a dietary intake of antioxidants. 

Oxidation is induces primarily by the exposure to light. This causes damage to the 

proteins of the lens. When these proteins become oxidized they clump together and 

causes the lens to become cloudy. The eye has a protective system against this oxidative 

damage. Antioxidants and antioxidant enzymes inactivate these harmful free radicals and 

remove them from the lens. Sometimes this defence system can't keep up with the 

formation of free radicals (just like the damage of muscle tissue discussed earlier) and 

the oxidized proteins accumulate in the eye. An intake of antioxidants have shown to 

have a positive effect on the destruction of these free radicals. All three of the major 

antioxidants - vitamin E, vitamin C and carotenoids have been shown to have a decreased 

cataract risk. (Langseth 19). 
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Antioxidant Supplements 

Before a supplement program starts, it's important to have a well-balanced diet to 

start with. A well-balanced diet will provide the athlete with the right amounts of of the 

necessary macro- and micronutrients. The nutratherapy program including all the 

supplements should be developed after these needs are met. The levels of plasma vitamin 

Q and vitamin E should be 1.5-2 mg. and 17-25 mg respectively. (Karlsson 189). These 

plasma levels are reached if the diet contains between 50-100 mg of vitamin Q and 

between 100-300 mg of vitamin E. This diet program should be combined with 2-3 grams 

offish-oil concentrate (to get the vitamin Fl) and 1-2 grams of vitamin C. These 

recommendations are for a person with average physical demands. An elite athlete should 

increase these amounts to the double because of higher conditioning. The micronutrients 

will increase in the plasma as a result of the supplementation of vitamin Q and E alone. 

Vitamin E and Q are different from other lipid soluble vitamins (A and D) 

because they show less side effects. One side effect noted with the intakes of fish-oils is 

that it has a dpressing effect on blood-clotting activity and platelet formation. This is not 

good because the formation of platelets help to stop bleeding in a wound. Because of this 

side effect it's important to consider a prolonged bleeding time with an athlete taking 

these. This phenomenon has been seen among the Eskimo population, because they eat a 

diet very rich in fish or meat from animals living on these fish. Compared to the urban 

Danish population their bleeding time was increased. (Karlsson 173). 
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Nutraceutical Therapy and Sport Ethics 

Where do we draw the line between nutritional supplements and ergogenic aids 

for improved performance? Physiological substances in abnormal amounts is seen as a 

violation of the doping rules when it comes to medications and drugs. The dietary 

supplements fall into a grey zone when it comes to doping. It is not proven to enhance 

performance but it is still used among elite athletes with nutratherapy. 

A nutratherapy program is a true pharmaceutical intervention and is seen in most 

European countries as a drug treatment. (Karlsson 178). According to the present rules 

this type of th<:!rapy is a violation of the doping regUlations, but it's not clearly said. I 

believe that in the near future there must be some kind of strict regulation regarding 

nutritional supplements to keep the ethics and morals in sports. 
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Conclusion 

Antioxidants have many very important functions in our body. Its most important 

role is that of the free radical scavanger. The body developes this defense system 

automatically, but sometimes it becomes overwhelmed, resulting in tissue and cell 

damage. 

Free radicals can be produced in several ways including leak of the electron 

transport chain and also heavy exercise. Exercise and increased oxygen consumption in 

the exerciseing muscles are abig contributor to the production. Also the increased rate of 

breathing and the level of hyperventilation expose the body to increased levels of free 

radicals. Aerobic training produces free radicals and the body has a natural adaptation 

process to act as a defence system. 

The active substances against the free radicals are composed of different agents, 

including vitamins, antioxidants, thiols and antioxidant enzymes. Each of these have their 

specific role in the maintenance of homeostasis in the body. 

The nutrition also has an important role in the maintenance of the body's 

enzymatic def.ense against free radicals. As seen in this project, antioxidants are also 

responsible for the prevention of certain diseases, including cancer, different 

cardiovascular diseases, and eye diseases including age related disorders of the retina. 

As a conlusion we can see that antioxidants have many effects on the body to 

avoid cell- and tissue damage at an early age. Without these substances people couldn't 

exercise without experiencing fatigue and muscle soreness. A normal diet including 

nutrients from all food groups is sufficient to meet the needs of the supply of antioxidants 

to counteract the free radicals. In situations of high physical demands a dietary 
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supplement is often needed to ensure the proper balance in the body's homeostasis. The 

question for ehte athletes remains though; when does a supplement of an otherwise 

natural substance become an ergogenic aid? So far, as of 1997, there are no regulations of 

these substances in the US. 
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