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Abstract: The health and life quality of men can be preserved and improved using a regular practice of physical activities. It 
is well known that when properly oriented, the physical exercise can combat several diseases, e. g. cardiovascular, metabolic 
and even physiological, such as depression. However, the higher oxygen consumption, as well as the activation of specific 
metabolic pathways during and after the exercises results in the formation of free radicals. Exhausting physical exercises of 
high intensity elevate the risk of diseases, like pulmonary emphysemas, inflammation, aging and increased risk of damage in 
the DNA with consequent carcinogenesis. The excessive elevation of free radicals without the optimal accompaniment of 
antioxidants induces a psychopathological stage known as oxidative stress, which generates lipids, damages to proteins and to 
the DNA, becoming cytotoxic or causing changes in the cellular functions and even in the tissues. This is a common 
occurrence in drug users, overexposure to environmental factors such as sun light, metabolic alterations originated from 
obesity or diabetes, and even physical exercises. There is general agreement that physical training and adequate alimentation, 
besides protecting against some types of cancer, increases the aspects of anti-tumor immunity and reduces inflammatory 
mediators. Evidences suggest that the prophylactic effect of the exercise can be attributed to the anti-inflammatory effects 
mediated by the regular practice of exercises, through the reduction of visceral fat and increase of anti-inflammatory cytokines 
in the circulation. This study had as objective to demonstrate the importance of a well targeted training, for the performance of 
physical activities in an adequate intensity associated to antioxidant supplementation, in order to prevent excessive physical 
wear and appearing of oxidative stress. 
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1. Introduction 

The health and life quality of men can be preserved and 
improved using a regular practice of physical activities [1]. 
The absence of daily activities generates a sedentary lifestyle, 
determinant factor in the appearing of pathologies, increasing 
the risk of mortality and morbidity [1]. It is known that 
regular and oriented practice of physical exercises can 
combat several clinical conditions, such as cardiovascular 
diseases [2], obesity [3], type 2 diabetes [4], osteoporosis and 
osteoarthrosis [5], leukemia [6], colon [7], breast [8], prostate 
[9] and lung [10] cancers, besides combating anxiety and 
depression [1]. 

On the other hand, excessive exercises of high intensity 
and poor periodicity of the same can generate an 
uncontrolled physiological situation, thus developing a factor 
known as overtraining [11]. During and soon after an 
exhausting training session occurs a catabolic phase, with 
reduction of the tolerance to efforts, characterized by 
reversible alterations of biochemical, hormonal and 
immunological parameters [12]. Overtraining can occur both 
in aerobic and anaerobic activities [13]. 

The higher consumption of oxygen, as well as the 
activation of specific metabolic pathways during and after 
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exercises results in the formation of substances called free 
radicals [14]. These molecules increase in exhausting and 
high intensity exercises and were related to a great number of 
diseases, such as pulmonary emphysema [15], inflammation, 
aging [16] and increased risk of damage in the DNA with 
consequent carcinogenesis [17]. The significant rise in these 
radicals induces a psychopathological stage known as 
oxidative stress, which generates lipids, damages to proteins 
and to the DNA, becoming cytotoxic or causing changes in 
the cellular functions and even in the tissues. 

Hormonal and neuroendocrine alterations were also 
reported during the practice of physical exercises. Strenuous 
exercises showed clinical and biochemical alterations in short 
term and risk of diseases in long term [18]. These alterations 
can unbalance the plasmatic liberation and concentration of 
pro-inflammatory cytokines, which were several times 
related to the control of tumor cells [19, 20]. 

The objective of this study will be to discuss the need of 
using an appropriate periodicity to define the intensity and 
care with physical exercises, aiming to preserve the health 
and life quality of men and women, in addition to citing the 
role of antioxidant supplementation as anti-tumor protector. 

2. Cancer and Oxidative Stress 

Cancer is defined by the uncontrolled and abnormal growth 
of cells in the organism, which do not have the capacity of 
differentiating local cells and show invasive and metastatic 
capacity [21]. It is considered as a multifactorial disease for 
not having an only causative factor [22]. Nevertheless, the 
genetic alterations [23], environmental factors [24], eating 
habits [25] or even stress situations [26] [physical and 
psychological] may elevate the risk of formation of malignant 
tumors and worsen the prognosis of cancer. 

The stages of initiation, promotion and progression of 
carcinogenesis have been frequently related to the oxidative 
stress in circumstances where the excess of free radicals 
results in tissue damage or in the production of harmful or 
toxic compounds to tissues [27]. The oxidative stress is caused 
by the unbalance between the pro-oxidants and antioxidants 
systems, so that the first is predominant in the organism [17]. 
This is a common occurrence in drug users [28], excessive 
exposition to sunlight [29], metabolic alterations originated 
from obesity [3] or diabetes [30] and even physical exercises 
[14]. 

The oxidative stress is responsible for causing structural 
damages in the DNA and performs an important role in the 
development of several diseases, including cancer [30]. The 
incidence of oxidative stress in the development and progress 
of more than 100 diseases has been suggested by several 
scientists. There are many evidences that agree with the idea 
that the oxidative stress acts as successor of numberless 
illnesses, logically including alterations at the DNA level [31]. 

Other examples can be found in the correlation between the 
process of aging on the human body and the increase of free 
radicals, due to the drop on oxygen used for the metabolic 
processes and to the initiation and promotion of cancer and 

tissue lesions by free radicals [32]. 
The excessive production of species reactive to oxygen and 

consequent increase of oxidative stress in the body of patients 
with cancer can affect the response of the treatment and 
contribute for the tumor recurrence [33]. Evidences of the 
participation of oxidative stress in carcinogenesis have led to 
assumptions that the antioxidant supplements can be used in 
its prevention. 

Antioxidants are important not only for the prevention of 
oxidative stress, but also can assist in the prevention of cancer. 
Following this idea, it was performed investigations in order 
to find evidences about the cancer risk reduction through the 
intake of antioxidants [35]. A study observed concentration 
reduction of oxidative stress markers in patients who took 
antioxidants during the cancer treatment. This result can be 
related to the patient report, which had increase of the muscle 
strength, reduced fatigue and better quality of life [36]. 

Antioxidants act in three defense lines against reactive 
species of oxygen. The first is the prevention, characterized by 
the protection against the formation of aggressive substances. 
The second is the interception, where the antioxidants 
intercept the free radicals. And the third is the repair that 
occurs if the first two lines were not totally effective and the 
destructive products by the reactive species accumulated in 
the organism [27]. Among the antioxidant benefits, it can be 
highlighted the capacity of enhance the anticancer drugs, 
therefore, reducing the dose of these without impairing the 
therapeutic effect and reducing the collateral effects [37]. 

3. Physical Exercise, Antioxidants and 

Oxidative Stress 

The relation between physical exercise and oxidative stress 
is directly linked to the intensity and duration of the exercise. 
Intense physical exercise triggers the oxidative stress, 
generating decreased performance, muscle fatigue, muscle 
damage and even overtraining [38], which leads to alterations 
in the immune system and in the training status of individuals 
[39]. 

The physical exercise is associated to the increase of free 
radicals, due to the elevation of oxygen consumption by the 
active tissues of the organism [40]. If the action of these free 
radicals will be beneficial or deleterious for the organism will 
depend on the antioxidants activity, which are substances that 
suppress these radicals and their harmful effects [41]. Free 
radicals are naturally produced by the organism and are often 
of great use, as in the activation of the immunological system, 
participation on the detoxification of drugs and in the 
production of nitric oxide, which is fundamental for relaxing 
blood vessels [42]. 

Therefore, it is evident that the formation of free radicals in 
a natural and homeostatic process of the human body. This 
observation can be proven by analyzing mitochondrial activity 
in the production of ATP, which occurs through a process of 
oxidative phosphorylation and is influenced by the synthesis 
of key molecules and the response to oxidative stress [43]. The 
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mitochondria contain many redox enzymes and there is a 
natural inefficiency of oxidative phosphorylation, thus 
generating reactive species of oxygen (ROS) [44]. During the 
practice of physical exercise there is an increase of the 
necessity of immediate energy sources [45] (e.g. ATP, 
carbohydrates), and of reserve (e.g. lipids and proteins) [46]. 
Consequently, the consumption of ATP increases, inducing a 
greater activity of the mitochondria [47] with increase, both in 
the production of free radicals as in the necessity of 
antioxidants for minimizing possible damage caused by the 
increase of ROS. 

The substances which combat the free radicals can be 
divided in endogenous [48] and exogenous [33] antioxidants. 
The endogenous are unquestionably essential, however with 
production and limited saturable action. They can be divides 
in 4 classes of antioxidants, i. e. endogenous enzyme; soluble; 
transition metal captors; nutritional. 

Some enzymes, through its intrinsic activities produce free 
radicals, as for example, xanthine oxidase, cyclooxygenase 
(COX), lipoxygenase (LOX), nitric oxide synthase and 
mitochondrial oxidase [49]. On the other hand, the class of 
enzymatic antioxidants has as main representatives the 
superoxide dismutases (SOD), catalase and the glutathione 
peroxidase (GSH-Px) [49]. Keeping the balance between the 
concentration of these oxidant and antioxidant enzymes is 
essential to minimize possible cell and tissue damages. 

The second class of endogenous antioxidants is represented 
by the micro and macro soluble molecules. They are mainly 
found in the plasmatic system and interstitial fluids. The 
glutathione [50], uric acid [51], albumin [52], haptoglobin [53] 
and hemopexin [54] are representatives of endogenous 
antioxidants. However, the increase in the body concentration 
of these substances, due to the necessity of antioxidant or 
physiological alterations, causes the appearing of diseases (e.g. 
gouty arthritis) developed by the accumulation of uric acid [55] 
or alterations in the pharmacokinetics (bioavailability and half 
life time, t1/2), from many substances active by the elevation 
of circulating albumin [56]. So, it is evident a tenuous line 
between antioxidant activity and possible pathologies from 
the elevation of soluble antioxidants. 

Other two types of endogenous antioxidants which deserve 
special attention in combating ROS are the transition metal 
captors and the nutritional antioxidants. The transition metal 
captors associate to metals known as pro-oxidants, such as 
copper and iron [57, 58]. The main representatives of this class 
are the transferrin [59], lactoferrin [60], ferritin [61], albumin 
and ceruloplasmin [62]. However, their concentration is not 
dependant on the quantity of circulating free radicals, that is, 
an individual under constant physical activity will have 
greater production of ROS without the proportional elevation 
of lactoferrin for example. This turns this protective class only 
at basal levels, being considered a class with low antioxidant 
activity when compared to the other 3 classes previously 
mentioned. 

The last but not the least, is the class of nutritional 
antioxidants. This class is sometimes confused with the 
exogenous antioxidants, especially because they are also 

found in food. Some vitamins are known protective agents in 
the control of free radicals, e. g. ascorbic acid (vitamin C) [63], 
alpha-tocopherol (vitamin E) [64] and the beta carotene 
(vitamin A) [65]. They can be obviously obtained from food 
[66] or simply through supplementation. 

It is noteworthy that alimentation in responsible for 
providing them both, oxidants and antioxidants [67]. 
Therefore, a dietetic deficiency of antioxidants and of other 
essential substances can also cause oxidative stress [25]. In 
order to minimize oxidative effects originated from a deficient 
nutritional state, it were developed synthetic oxidants, for 
example the acetylcysteine [68], coenzyme Q10 [69] 
flavonoids [70], allopurinol [71], probucol [72], vitamins [73], 
beta carotene [74], selenium and zinc, among others. [75] The 
correct use and the quantitative physiological control of these 
substances, make possible for individuals with high 
production of free radicals, for example, athletes, to do not 
develop an oxidative stress state. Nevertheless, it is only 
plausible when there is the accompaniment of habilitated 
professionals, i. e. nutritionists, pharmacists, doctors and 
physical trainers. 

Besides a good nutrition, a regular practice of moderated 
physical exercises positively alter the oxidative homeostasis 
of cells and tissues, due to the decrease of oxidative damage 
and increase of the resistance to oxidative stress [41]. These 
are qualitative and quantitative physiological responses of 
physical preparation improvement. From this, it is aimed as 
adaptive response to an efficient training. Higher levels of 
antioxidant defense and low levels of oxidative stress 
production [76]. For this reason, the scientific community has 
discussed the application of physical exercises as a non 
pharmacologic strategy for cancer prevention and 
rehabilitation of individuals during and after the treatment 
[77]. 

4. Overtraining Risk 

The regular practice of exercises is recommended for 
improving the health of the individual. The is a consensus that 
the physical training, besides protecting against some types of 
cancer, also increases the aspects of anti tumor immunity and 
reduces the anti inflammatory mediators. Evidences suggest 
that the prophylactic effect of exercises can be attributed to the 
anti inflammatory effect mediated by the regular practice of 
exercises, through reduction of visceral fat and increase of anti 
inflammatory cytokines in the circulation [78]. 

On the other hand, the overtraining, excess and high 
intensity of exercises can harm the immune function [29], 
cause chronic and acute inflammatory processes [79-81], 
generate hormonal processes [82], between other harmful 
effects [83]. In addition to these diseases, physiological 
alterations are also common in this situation, e. g. depression 
[84] and apathy [85], which can elevate the state of stress for 
altering the mood and the sleep. The combination of these 
factors assists in immunological and biochemical 
modifications, which include increase of the hormone of stress 
(corticoid) [86] with subsequent drop of the immunity, 
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elevation of glycemia and insulin resistance. Nevertheless, 
despite of the notably importance of the relation between 
overtraining and pathological states, there is still a great 
difficulty by the athlete in identifying it, what increases the 
necessity of multi professional monitoring. 

The cellular immunodeficiency is directly related to several 
types of cancer (head, neck, lung, esophagus and breast) and 
evidences point that other tumors are equally associated to 
cellular immunodeficiency. Leukemia and lymphomas are 
more frequent in children with immunodeficiency [87]. 

Adipocytes are cells that perform an endocrine role, 
producing hormones, cytokines and growth factors. The 
cytokines are liberated from the precursors of adipocite cells, 
called preadipocytes. In obesity there is an unbalanced 
maturation, with higher quantities of preadipocytes, and 
consequently, a greater secretion of pro inflammatory 
cytokines. Therefore, the increase in the liberation of pro 
inflammatory cytokines resulting from obesity is a great factor 
of risk for the development of breast cancer in women in the 
post menopause state [88]. 

A great number of evidences from the observation studies 
indicate that Type 2 diabetes is associated to the incidence of 
pancreatic, liver, endometrium, colon, breast, and bladder 
cancers. However, other potential mechanisms also must be 
considered: body fat and estrogen production (breast cancer in 
men and women), body fat and pancreatic inflammation 
induced by fat (pancreas cancer), visceral fat and hepatic 
steatosis (liver cancer), metabolic syndrome and resistance to 
insulin, thus producing mitogenic effect to insulin (all cancers) 
[30]. 

The unbalance between production of ROS/RNS and the 
removal by systems of antioxidant defense is denominated 
oxidative stress and can be originated from physiological 
processes, such as acute inflammation [89]. 

Beyond the concern with overtraining, environmental 
factors must be also considered. In outdoor sports, the 
immunosuppression induced by UV may facilitate the 
initiation and promotion of tumors. Athletes that train and 
compete in outdoor sports are exposed to UV lights, thus, 
there is greater risk of developing skin cancer [29]. 

A revision study about the mortality and longevity of 
professional athletes showed that they have greater longevity 
than the average population. This is due the adequate 
periodicity in training, where it was observed that exercises 
showed an important role in the prevention of several diseases 
and types of cancer (colon, breast, and lung) [90]. The 
cardiorespiratory capacity, improved by aerobic activities, has 
been associated to reduction of risk of chronic diseases 
(hypertension, heart disease and type II diabetes). The 
exercise of resistance for prevention of chronic diseases, in 
strength athletes, is still not well understood and deserves 
further study [91]. 

Another study [92] induced metabolic stress in order to 
analyze the body capacity in protecting the central nervous 
system from high and toxic blood ammonia during the chronic 
and acute exercise, such factor that triggers hepatic 
insufficiency and alteration of the metabolic states, such as 

cancer or thermal lesions. The results showed to be 
satisfactory for the better performance management of 
athletes. 

A cohort study [93] conducted with 2448 professional 
athletes compared to 1712 adult non athlete men analyzed the 
effect of physical activities in the incidence of cancer. A 
smaller incidence was observed in athletes due to the healthy 
lifestyle and also to the lesser number of smokers. For this 
reason, despite the high production of free radicals, a healthy 
lifestyle is able to minimize the risks. 

5. Conclusion 

Basing on the quoted studies, it becomes clear the 
importance of an individualized well oriented periodicity in 
training for the performance of physical activities in an 
adequate intensity, in order to prevent a physical wear enough 
for the occurrence of excessive oxidative stress. Physical 
trainers’ orientation along with a balanced diet, with the 
necessary ingestion of antioxidants minimized the risks in 
pathologies development. Professional athletes or even 
amateurs must always keep control of biochemical markers in 
order to reduce the risk of lacking physiological control, 
which would weaken the immune system, thus elevating the 
risk of appearing several diseases, including cancer. 
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