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Abstract

Introduction and Objectives. The reactive oxygen species (ROS) play an important part in the growing and devel-
oping of live organisms and in their interaction with biotic and abiotic products. ROS have a regulatory and signaling 
role in different cell processes. They appear during photosynthesis and respiration, the redox homeostasia is being 
controlled by protection mechanisms.
The aim of our article is to underline the importance of a healthy life style to preserve the personalized genetic inher-
itance at birth, drawing attention to the antioxidant efficiency in preventing and in using like adjuvant treatment of 
the neoplasic and non-neoplasic diseases. 
Materials  and methods. We have analyzed some scientific articles published at the beginning of the 1950s up to 
now to obtain a clearer vision on oxidative stress, its role in the diseases’ ethiopathogenesis, and the protective action 
of the antioxidants and laboratory tests of the antioxidant capacity in the body. 
Results. Both endogenous and exogenous sources contribute to the ROS appearance. The major endogenous sourc-
es are represented by microsomes, peroxisomes and mitochondria. The exogenous sources are the radiation, the 
environmental factors and the life style. Detoxification is the process in which xenobiotics (the foreign chemical sub-
tances which are not found naturally in the body or proper subtances in more increased concentrations) are neutral-
ized and eliminated.
Conclusions. The oxidants resulting from the normal metabolism of lipids, proteins and nucleic acid become harmful 
in the case of lowering the efficiency of the defending mechanisms in the cells. The free radical and ROS quantity is 
direct proportional with the existent xenobiotics in the body.  Adopting a healthy life style, practising sport and in-
troducing natural antioxidants in our alimentation contribute to disease prevention or help the improvement of the 
evolution of those pre-existents.

Keywords: antioxidants, free radicals, gluthation peroxidase, malondialdehyde, oxidative stress, reactive oxygen 
species, superoxide dismutase, total antioxidant capacity
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l Introduction
The reactive oxygen species (ROS) play an import-

ant part in the growing and developing of live organ-
isms and in their interaction with biotic and abiotic 
products.1,2 ROS have a regulatory and signaling role 
in different cell processes3. They appear during photo-
synthesis and respiration, the redox homeostasis being 
controlled by protection mechanisms.4 

The “oxidative stress” term appeared for the first 
time in the specialty literature in the 1950s in an arti-
cle about the toxic effect of the ionizing radiations and 
free radicals of oxygen5 and in another one about the 
potential contribution of these phenomena on aging6, 
but the acceptance of the free radical biology has been 
slow due to the hypothetic nature of the subject, of the 
ephermity of these products and of the lack of stud-
ies. In 1986 it was demonstrated for the first time that 
in live organisms, significant quantities of free super-
oxide radicals O2

- are produced on normal metabolic 
pathways7. The demonstration of the protective role 
against ROS toxicity of the superoxide dismutase en-
zyme (SOD) raised much interest.8,9.   

For a long time the research was based only on su-
peroxide, but we have already known that the majority 
of the reactions producing free radicals does not need 
superoxide intervention, as the lipide peroxidation, for 
example. 

Today, the oxidative stress is described as an imbal-
ance in the redox systems, represented by the reduced 
glutathione / oxydated glutathione (GSH/GSSG) and 
NADPH/NADP+ (nicontinamide adenine dinucleotid 
phosphate/nicotinamide adenine dinucleotide) (the 
difference between the antioxidant system and oxi-
dants).10

ROS superproduction intervenes in the aging pro-
cesses, in ethiopathogenesis of some diseases, like 
neoplasia, diabetes mellitus, atherosclerosis, degener-
ative diseases as Parkinson and Alzheimer ones. ROS 
excess is harmful for normal cells, and in cancerous 
cells it accelerates tumorigenesis. by epigenetic (DNA 
metilation) and by morphologic modifications (translo-
cations, deletions, fusions etc.)11.

The oxidative stress measuring is important. The 
majority of the ROS are extremely reactive and have a 
short life span that is why they are hard to be detect-
ed. ROS being produced and detoxifiated in different 
cell organelles need complex determination methods. 
They can be measured both directly and indirectly by 
the metabolits of lipids, proteins and nucleic acids. 4.

Objectives 
The aim of our article is to underline the importance 

of a healthy life style to preserve the personalized ge-
netic inheritance at birth, drawing attention on the 
antioxidant efficiency in preventing and in using like 
adjuvant treatment of neoplastic and non-neoplastic 
diseases. 

Materials and methods  
We have analyzed some scientific articles published 

at the beginning of the 1950s up to now to obtain a 
clearer vision on oxidative stress, its role in the diseas-
es’ ethiopathogenesis, and the protective action of the 
antioxidants and laboratory tests of the antioxidant ca-
pacity in the body. 

Our clinic through the collaboration with a speci-
alized laboratory in Bremen (since september 2014) 
provides the possibility to detect the level of glutathi-
on S-transferase (catalytic enzyme in the phase II of 
the detoxification) and the appeared mutations in two 
genes (GSTM1 and GSTT1). Another collaboration with 
Synevo Lab in Arad helps us to analyze other markers of 
the oxidative stress, as superoxide dismutase, glutathi-
on peroxidase, malondialdehide, and reduced intrace-
llular glutathion, the analyses being done in Germany.

Superoxide dismutase and glutathion peroxidase 
are quantified by enzymatic photometric methods, 
malondialdehide by high-pressure liquid chromatogra-
phy with fluoresence detection (HPLC), and reduced 
intracellular glutathion (GSH) by flow cytometry with 
GSH determination in monocytes, lymphocytes T and 
cells NK. A nonfluorescent substance is used, GSH Gre-
en TM, which becomes intensely fluorescent due to the 
reaction with intracellular thiol.12 

Results
Redox homeostasia: the ROS producing and elimina-
tion

The reactive oxygen species also called oxidants are 
the result of aerob metabolism of lipids, proteins and 
nucleic acids, being continuously produced in cells and 
synchronically neutralized by many antioxidant mech-
anisms. The oxidative stress appears due to the increas-
ing of the ROS production and decreasing of the cell 
antioxidant effect efficiency.13 

Both endogenous and exogenous sources (Table 1) 
contribute to the ROS appearance1,2. 

The major endogenous sources are represented by 
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lmicrosomes, peroxisomes and mitochondria. The mi-
tochondrial ROS production is the best studied, being 
linked with the oxidative phosphorylation reactions14. 
The immune cells, granulocytes and macrophages, 
have dependent oxygen cytoplasmic mechanisms to 
form ROS after bacterial ingestion (phagocytic nicotin-
amide adenine dinucleotide phosophate (NADPH)-ox-
idase, myeloperoxidase). Other ROS endogenous 
sources include xantine oxidase, aminoacid oxidase, 
lipooxigenase and cyclooxygenase enzymes. The liber-
ation of superoxide as a result of the last two enzymes’ 
activity is important in tumorigenesis because of the 
prostaglandins biosynthesis (Table 2).15

The exogenous sources are the radiation, the en-
vironmental factors and the life style. It was demon-
strated that smoking and exaggerated alcohol intake 
stimulate the ROS production and the decreasing of 
the natural antioxidant level (C and e vitamins) in the 
body. Intense physic activities lead to the ROS increas-
ing followed by aerob metabolism intensification in 
the muscles. Obesity provokes oxidative stress by cyto-
chines liberation in the adipose tissue during the proin-
flammatory reactions determining the increase of the 
leucocyte level. In the obese patient’s body there is an 
inflammatory process generalized by the imbalance of 
the androgens/estrogens ratio.16

The ROS term comprises a large variety of oxidants: 
superoxide, hydrogen peroxide, hydroxyl, nitric oxide, 
peroxinitrite, hipochloric acid, alkoxyl, nitrogen dioxide, 
alkyl peroxyl etc (Table 3). The ROS may interchange 
with nitrogen reactive species (NO, ONOO-, NO2) (Table 
4), which have a similar effect with ROS, and when they 
are in excess, they determine nitrosative stress. 17,18,19 

Table 1: The oxidative stress causes male infertility 16

Life style 

Smoking, 
Insufficient diet
Psychological stress
Obesity
Alcohol
Age-related

environmental factors

Pollution, 
Heavy metals, 
Plasticizers (phthalates and ni-
trosamines from plastic bottles 
and latex), 
Pesticides, 
Herbicides,
Heat

Infections Systemic infections
Genitourinary tract

Autoimmune diseases
Chronic prostatitis 
Vasectomy
Torsion 

Testicular 
Idiopathic

Iatrogenic
Medication
Cryopreservation
Centrifugation

Chronical diseases

Hemoglobinopathies, 
Diabetes
Chronic kidney disease
Hyperhomocysteinemia

Table 2: Conditions promoting prostatic oxidative stress 11

Condition ROS sources Condition ROS sources

Hypoxia (reoxygenation)
Mitochondria; NADPH oxidases 
(non phagocytic cells); xan-
thine oxidase; nitric oxidase

Mitochondrial and DNA 
mutations Mitochondria

Metabolic alterations Mitochondria
Receptor activation (an-
drogen, steroid hormones), 
senescence and hormonal 
changes

NADPH oxidases (non-
phagocytic cells); mitochon-
dria; nitric oxidase

Xenobiotic metabolism
NADPH oxidases (non-
phagocytic cells); mitochon-
dria; nitric oxidase

Inflammation (bacterial and 
non bacterial prostatitis)

NADPH oxidase (phagocytic 
cells); myeloperoxidase; nitric 
oxidase

Table 3:  Reactive oxygen species16

Radicals Nonradicals
Lipid peroxyl LOO  ̇ Lipid peroxide LOOH
Thyl RS  ̇ Ozone O₃
Peroxyl RO₂ ̇ Singlet oxygen ⁻¹O₂
Nitric oxide NO ̇ Hydrogen peroxide H₂O₂
Superoxide O₂⁻ Hypochloric acid HOCl
Hydroxyl OH  ̇ Peroxynitrite ONOO⁻

Tabel 4:  Reactive nitrogen species,  
 considered a ROS subclass16

Peroxynitrite OONO⁻ Nitrous acid HNO₂
Peroxynitrous acid OONOH Dinitrogen trioxide N₂O₃
Nitryl chloride NO₂Cl Nitrogen dioxide NO₂ ̇
Nitrous oxide NO  ̇ Nitroxyl cation NO+

Nitroxyl anion NO⁻

Detoxification is the process in which xenobiotics 
(the foreign chemical substances which are not found 
naturally in the body or proper substances in more in-
creased concentrations), are neutralized and eliminated.

The detoxification has three phases: phase I trans-
formation, phase II conjugation and phase III trans-
port.20

Phase I comprises reactions of oxidative reduction 
and hydrolysis, when liposoluble toxins are trans-
formed in hydrosoluble metabolits. These reactions are 
catalyzed by cytochrome P450 enzymes. Among the 
substances which increase cytochrome P450 activity 
are: caffeine, digoxin, alcohol, saturated fats, organo-
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l phosphorics, barbiturics. Cofactors of the cytochrome 
P450 are: NADH (reduced nicotinamide adenine dinu-
cleotide), riboflavin (vit. B2), niacin (vit. B3), Mg, Fe. The 
cytochrome P450 inhibitors are grapefruit, curcumine 
(inhibits phase I and stimulate phase II) and aging.21,22

Phase II is the conjugation way. The enzymes at this 
level are controlled by a protein called “nuclear factor 
erythroid-derived 2” (Nrf2). In normal conditions Nrf2 
is found in cell cytoplasm in an inactive form. It is acti-
vated by the oxidative stress action, allowing it to enter 
the nucleus where it stimulates the antioxidant protein 
genes.23,24,25,26

The phase II enzymes are: 
l Uridine-5-diphospho-glucuroniltransferase (UGT) 

catalyze glucuronidation reactions. In the human 
body by UGT are neutralized: plasticizer biphenol 
A34 and benzopyren (in the cooked meat).27,28

l Glutathion S-transferase (GST) plays an important 
role in the metabolism of many endobiotics includ-
ing steroids, thyroid hormones, liposoluble vita-
mins, bile acids, bilirubin and prostaglandins.29 GST 
may also function as an antioxidant enzyme neu-
tralizing the free radicals, oxidated lipids or DNA. 
The conjugation products of the GST may be excret-
ed via bile or via kidneys, where they are processed 
and then eliminated in urine.30,31,32,33

l Sulfotransferases (SULT) attach sulfates to an endo 
or xenobiotic. This reaction is important both in 
the detoxification and in the biosynthesis reactions 
(the addition of sulfate to chondroitin and heparin). 
SULT play an important part in some endogenous 
molecules’ metabolism: steroids, adrenal and thy-
roid hormones, serotonin, retinol, ascorbate and 
the D vitamin. 34,35

l Methyltransferase enzyme catalyzes methylation 
reactions using S-adenosil-L-methionin (SAMe) as 
a substrate. COMT (catechol O-metiltransferase) 
is the major way of eliminating the excess of cate-
cholamine neurotransmitters (adrenaline or dopa-
mine).36

l Arylamin N-acetyltransferase (NAT) neutralizes the 
aromatic and heterocyclic amines.37

l Amino acid conjugating enzymes: Acyl-CoA syn-
thetase și Acyl-CoA amino acid N-acyltransferase 
attaches an amino acid to the xenobiotic (most fre-
quently glycine or gluthamine).38

Phase III is the transport. The transporters are pres-
ent at multiple levels in the liver, kidneys, intestines 
and brain. They assure a barrier against the xenobiot-
ics preventing their penetration in the body or by an 

active mechanism, they carry xenobiotics and endobi-
otics in and out of the cells39. They belong to the ABC 
(ATP-Binding Cassette) transporter family40, the active 
transport being done by ATP consuming. They are also 
called resistant multidrug proteins and can be found in 
cancerous cells of the chemotherapy resistant forms.41    

The importance of the life style on the oxidative stress 
A recent study on 982 men demonstrated that a rich 

processed food diet is linked to a more aggressive evo-
lution of the prostate cancer.  The burned products or 
the grilled ones contain heterocyclic amines, polycyclic 
aromatic hydrocarbons and other carcinogens formed 
during the cooking process. The smoked foods con-
tain nitrosamine, a common substance in the chemical 
composition of the latex.42,43

On the other hand, the grass fed animals’ meat pre-
pared at low temperatures contain high levels of vita-
min e, glutathione, and conjugated linoleic acid, which 
are benefic for the body.44

Cruciferous vegetables from the Brassicaceae fami-
ly are rich in vitamin C, soluble fibers and fitochemicals 
(sulforafan and indol-3-carbinol), which have an an-
ti-inflammatory and anti cancerous effect, determining 
the stopping of the cellular cycle, the inhibition of “ex-
tracellular signaling-regulated kinases”, proteosomes 
degradation and the phase I and II alteration of the 
biotransformation (detoxification) enzymes expres-
sion. The sulforafan has pro-apoptotic properties in the 
cancerous prostatic cells, and indol-3-carbinol has an 
anti-proliferative and anti-metastatic effect.45

The izoflavonoids in soy and red clover are proteins 
having the ability to decrease the activity of 5-alpha 
reductase and the induced differentiation of the pros-
tatic cells, they modulate the activity of the estrogen 
receptors with androgen inhibition.46 

Licopens in tomatoes decrease the lipid oxidation, 
inhibiting the proliferation of the cancerous cells.47

Green tea has remarkable antioxidant effects. It 
contains over 50 compounds with anti-inflammatory 
and anti-cancerous effects: poliphenols and epigallo-
catechin gallate.48

Pomegranates are rich in poliphenols, including an-
tocianides and hydrolizable tanins having free radical 
elimination properties. 48

A clinic study demonstrated that 7 out of 16 men 
having prostate cancer with bone metastasis irrespon-
sive to the conventional treatment, have a vitamin D 
deficit.48 

Calcitriol, the active form of vitamin D inhibits the 



nr. 1 / 2016 • vol 15 Revista Română de Urologie 21

Ed
it

or
ia

lgrowing and developing of some neoplasia in whose 
progression, the inflammation has a primordial role. 
Calcitriol inhibits the synthesis and the pro-inflamma-
tory action of the prostaglandins, having a chemo-pre-
ventive effect.49

Different studies among which Cancer Prevention 
Study II Nutrition Cohort, report the positive associa-
tion between high levels of calcium and the increasing 
incidence and mortality of prostate cancer.50

Fish oil contains large quantities of Omega-3 fat 
acid, with pro-apoptotic properties and the decreasing 
of cell proliferation in neoplasia. It increases the dou-
bling time of the PSA level in combination with low in-
take of Omega-6 (polyunsaturated fat acid).16

The active hexose extracted from mushrooms my-
celium has immunostimulant, anti-cancerous effect, 
preventing chemotherapy secondary effects.16

Natural anti-inflammatory agents also have a ben-
eficial effect. Among these we find Zyflamend (with 
10 standardized compounds with anti-inflammatory, 
antioxidant, anti-angiogenetic and anti-proliferative 
effects), ginger (Zingiber officinale - contains 20 fi-
tochemical compounds with anti-inflammatory effect 
inhibiting COX2 and anti-proliferative effect due to its 
6-gingerol compound), Resveratrol (due to the poli-
phenols coming from grapes, red wine, peanuts, wild 
berries induces apoptosis and inhibits angiogenesis).16

Conclusions
The oxidants resulting from normal lipids, proteins 

and nucleic acid metabolism become harmful in case 
of lowering the efficiency of the defending mecha-
nisms in the cells. The free radical and ROS quantity is 
directly proportionate with the existent xenobiotics in 
the body.  

Introducing natural antioxidants, adopting a 
healthy life style and physical exercises contribute to 
the disease prevention and help the improvement of 
the evolution of those preexistent ones.
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