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Introduction
Oxygen is one of the most important molecules on 

Earth mainly because of the biochemical symmetry 
of oxygenic photosynthesis and aerobic respiration 
that can maintain homeostasis within our planet’s 
biosphere. The paradox of aerobic life is the fact that 
the higher aerobic eukaryotes can not live without ox-
ygen, but in its essence it is dangerous for their life. 
At the end of the 18th century oxygen is described 
as a model among the elements constituting life that 
contributes to physical health and stimulates mental 
strength. But too much of even the best can be wrong, 
as said from Paul Bert in 1878, describing the oxygen 
in high concentrations as harmful to the brain, lungs 
and other organs [1].

The initial studies suggest that at high concentra-
tions oxygen inactivate cellular enzymes. However, 
in vitro experiments show that the enzyme deacti-
vation is too low to develop toxic effects. In 1954. 
Gershman and Gilbert suggest that the known neg-
ative effects of oxygen are due to formation of free 
radicals thereof [2]. In the same year, Commoner, 
Townsend and Pake in studies of various freeze-dried 
biological materials, using electron paramagnetic 
resonance, observe weak signals, due to the presence 
of free radicals [3]. The work of Denham Harman in 

1956 [4] described the assumptions about the role of 
free radicals in the aging process, gradually increased 
the depth of research on free radicals in biological 
systems. Gershman theory was not fully accepted 
until the detection of the superoxide dismutase en-
zyme in 1969, an enzyme catalyzing the conversion 
of superoxide radicals to hydrogen peroxide. Thus 
McCord and Fridovich launched the second era in the 
study of free radicals [5-8]. The third era dates from 
1977. When Mittal and Murad provide evidence for 
hydroxyl radical, which stimulates the activation of 
guanylate cyclase and formation of a „second mes-
senger“ – cyclic guanosine monophosphate (c.GMF) 
[9]. In 1978. Erwin Schauenstein and Hermann Es-
terbauer [10] found that some aldehydes, such as 
acrolein and 4-hydroxy-2-alkenals, easily react with 
sulfhydryl groups via thioether linkages to form sta-
ble complexes. They probably lead to inhibition of 
certain metabolic processes, including glycolysis, 
protein synthesis and respiration. In the same year 
they also expressed the hypothesis that lipid peroxi-
dation leads to formation of various α, β-unsaturated 
aldehydes. In 1980, Benedetti et al. found that one 
of these aldehydes, 4-hydroxy-2-nonenal, exhibit cy-
totoxicity on liver cells [11]. In the 80s of the 20th 
century greatly increased research on lipid peroxida-
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tion [12, 13]. The main findings concerning hydroxy 
alkenyls include inhibition of DNA and RNA syn-
thesis, inhibitory effects on the DNA polymerase and 
adenylate cyclase enzymes, quantification by HPLC 
and etc. [14].

1. oxygen free radicals – sources and types.
Free radical is a chemical particle that contains of 

one or more unpaired electrons. Free radicals are ex-
tremely reactive and therefore have a very short half-
life and low concentration of the stable state.

Sources of oxygen free radicals
Reactive oxygen species (ROS) are generated 

continuously by the oxygen in all aerobic organisms 
during the intracellular metabolism in response to 
an external stimulus. ROS are generated in many 
compartments and numerous enzymes in the cells. 
However at this point it is well known that the largest 
source of ROS is the mitochondrial electron trans-
port chain, whereat the monoamine oxidase system 
may also contribute. During inflammation the pres-
ence of ROS in some cells is also increased, result-
ing in a highly specialized NADPH oxidase-depen-
dent system. NADPH oxidase (NOX) is a complex 
enzyme. All enzymes of the family of NOX carried 
out transmembrane electron transport using NADPH 
as a source of electrons and molecular oxygen scav-
enger. Additional sources of ROS are cytoplasmic 
cytochrome P450, cyclooxygenase, lipoxygenase 
[15]. The molecular oxygen is biradical, as it has one 
unpaired electron in each of the two frontier π* an-
ti-bonding orbitals. The reactivity of the molecular 
oxygen is extremely low, which is due to the parallel 
spin of these electrons.

•	 Singlet oxygen
Upon introduction of energy in an oxygen mol-

ecule the spin of the electrons changes to antiparal-
lel which leads to the formation of so called singlet 
oxygen with high reactivity. Singlet oxygen has two 
forms - delta singlet oxygen, and sigma singlet oxy-
gen (Fig. 1), the first has significantly important bio-
logical role, as a result of its long half-life. But he is 
not a free radical, as there is no unpaired electrons. 
On the other hand, the sigma singlet oxygen has sig-
ma electrons with antiparallel spins, which are lo-
cated in different orbitals. These particles have very 
high reactivity, but a short half-life, since it is decom-
posed as soon as they are formed and transforms in 
delta singlet oxygen.

•	 Superoxide radicals
Superoxide radical (O2

-•) is a free radical formed 
upon addition of single electron to an oxygen mole-
cule [16]. This radical is unstable in aqueous solu-
tions since it reacts spontaneously with himself in 
the presence of hydrogen ions and forms hydrogen 
peroxide and molecular oxygen, which is also its ca-
tabolism [17].

O2 O2+ + 2H H2O2 +O2        (1)

Superoxide radicals are generated by autooxidation 
of the oxygen molecule during the metabolic process-
es, also known as mitochondrial electron transport re-
actions. It can also occur in the cytosol or mitochondria 
in enzymatic reactions catalyzed by xanthine oxidase 
and cytochrome P450. Superoxide radical is the least 
reactive of all types of oxygen radicals and is the most 
observed in humans. It is defined as “primary” ROS, 
because once formed enters the cascade of reactions 
with other molecules to form other “secondary” ROS. 
This process can be carried out directly or can be cata-
lyzed by metal ions or enzymes [18, 19].

Superoxide radical may also be in a protonated 
form as perhydroxyl radical (HO2

•), which shows a 
seven-fold higher reactivity, but at physiological pH 
dominate the non-protonated form [20]. Superoxide 
radicals react with halogens (chlorine/chloride ion), 
released from leukocytes, to obtain hypochloric acid 
which is cytotoxic free radical. The hypohalogenic 
acids are obtained in reactions catalyzed by haloper-
oxidase enzymes [19, 21-23].

•	 Hydrogen peroxide
After reduction of two electrons in the molecule 

of oxygen a peroxide ion (O2
2-) is formed with hydro-

gen peroxide as its protonated form. It is not regarded 
as a free radical, but has a strong detrimental impact 
on the cells, as it can cross the cell membranes, cause 
synthesis of highly reactive hydroxyl radical (OH•).

Ground state

Delta singlet oxygen

sigma singlet oxygen

Fig. 1. Distribution of electrons in π anti-bonding orbitals.
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•	 Hydroxyl radicals
Hydroxyl radical is a product of reduction of 

three electrons of molecular oxygen. It is the most 
reactive free radical and can react with any biologi-
cal molecule [23]. As a result, has a very short half-
life, about 9-10 sec. [24]. Superoxide and peroxide 
radicals are less reactive, but have a longer half-life, 
allowing them to react with molecules which are lo-
cated further from the place of formation [25, 26]. 
The main source of hydroxyl radicals is the iron-cat-
alyzed Haber-Weiss reaction (reaction 4), which gen-
erates •OH (hydroxyl radicals) from H2O2 (hydrogen 
peroxide) and superoxide (•O2

−). This reaction is very 
slow and can occur in cells and is therefore a possible 
source for oxidative stress. The first step of the cata-
lytic cycle involves reduction of ferric ion to ferrous 
(reaction 2), followed by a Fenton reaction (reaction 
3) [17, 23]:

O2 + Fe3+ O2 + Fe2+

Fe2+ + H2O2 Fe3+ + OH- + OH
O2 + H2O2 O2 + OH- + OH

(2)

(3)

(4)

2. Nitrogen free radicals (RNs) – sources and 
types.

Nitrogen monoxide (nitric oxide) may be pro-
duced by a number of cells (endothelial, neuronal, 

(2)

(3)

(4)

macrophages, etc.). It has been found that in vivo it is 
formed by the oxidation of arginine by oxygen, cata-
lyzed by the enzyme nitric oxide synthase. Nitrogen 
monoxide acts as a messenger when it forms a ni-
trosyl complex with the haem of guanylate cyclase 
and initiates the formation of cyclic GMP. NO also 
functions in the immunological response by produc-
ing in combination with superoxide radical a potent 
oxidant and nitrating agent, peroxynitrite (ONOO−), 
able to damage cellular macromolecules (including 
DNA and proteins) In many aspects this oxidant cre-
ates the same damage as the hydroxyl radical [23, 
27-30]. Peroxynitrite is an unstable structural isomer 
of nitrate, NO3

−. Although its conjugate acid is high-
ly reactive, peroxynitrite is stable in alkali solutions 

[31]. Formation of peroxynitrite in vivo has been as-
cribed to the reaction of the free radical superoxide 
with the free radical nitric oxide [32,33]:

·o2 + ·No              oNo2       (5)

The resultant pairing of these two free radicals re-
sults in peroxynitrite, a molecule that is itself not a 
free radical, but that is a powerful oxidant.

3. Lipid peroxidation.
Lipids (cholesterol, polyunsaturated fatty acids 

(PUFAs)) are a main target of oxidative attack. Lipid 

C5H11 (CH2)7COOH

H

C5H11 (CH2)7COOH C5H11 (CH2)7COOH

C5H11 (CH2)7COOH C5H11 (CH2)7COOH

O2 O2OO O O

C5H11 (CH2)7COOH C5H11 (CH2)7COOH

OHO O OH+LH
-L

+LH
-L

C5H11 (CH2)7COOH C5H11 (CH2)7COOH

HO OHReduction Reduction

Fig. 2. Removal of hydrogen from PUFA and their transformation into two stereo isomers of LOOH molecules.
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hydroperoxides (LOOHs) and their products of de-
composition are generated by the processes of lipid 
peroxidation of PUFAs. They are characterized by 
the presence of one or more structural elements con-
taining a methylene (CH2) group between the double 
bonds.

•	 Processes of non-enzymatic lipid peroxida-
tion. 

The hydrogen atoms of the double allyl-activated 
methylene group can be replaced easily. The process 
requires a very small amount of energy, including UV 
light, addition of divalent ions such as iron for exam-
ple, and other processes which generate radicals. Ob-
tained dienyl radical (LS, Fig. 2) immediately reacts 
with oxygen to form peroxidienyl radicals (LOOS). 
They are able to remove hydrogen from a methylene 
group of another PUFA, thus forming a lipid hydrop-
eroxide and a new dienyl radical and thereby initiate 
the chain reaction [34].

•	 Enzymatic lipid peroxidation
The energy which is necessary for the removal of 

hydrogen from a double-activated methylene allyl 
group in PUFA is even lower when the process is 
activated by enzymes of the group of lipoxygenas-
es [35-37]. After hydrogen removing, it turns into 
a proton. To the resultant dienyl residue oxygen in 
stereo specific reaction is added. The resulting per-
oxidienyl radical is transformed into an anion. The 
reaction is terminated by the reverse transfer of the 
protons, produced in the first stage of the process. 
Thus forming a chiral lipid hydroperoxides (Fig. 3), 
and during these events the radical is not leaving the 
enzyme complex [38, 39].

Summarizing the above, may be indicated that 
free radicals and other reactive species are derived 
either from normal essential metabolic processes, as 
well as from not mentioned so far external sources. 
As one of the most important internal factors must be 
identified the enzymatic reactions, which serve as a 
source of free radicals. These include those reactions 
involved in the respiratory chain, in phagocytosis, in 
prostaglandin synthesis and in the cytochrome P450 
system. Some internal sources of generation of free 
radicals are mitochondria, xanthine oxidase, phago-
cytes, reactions involving iron and other transition 
metals, inflammation. External sources of free rad-
icals include in general non-enzymatic reactions of 
the oxygen with organic compounds. Free radicals 
are also produced in reactions, which are initiated 
by ionizing radiations. Some external sources of free 

radicals, not mentioned above, are cigarette smoke, 
environmental pollutant, radiations, ultraviolet light, 
ozone, certain drugs, pesticides, anesthetics and in-
dustrial solvents. Last but not least, some physio-
logical factors, such as stress, emotion and disease 
conditions are also responsible for the formation of 
free radicals.

4. Protection of the organism from free radicals.

Mammalians have evolved a defense system 
against free radicals, in which many antioxidants per-
form different roles. These anti-free-radical defense 
systems control the levels of free radicals and other 
‘reactive species’ by a complex web of antioxidant 
defences, which minimize (but do not completely 
prevent) oxidative damage to biomolecules. In human 
disease, this ‘oxidant–antioxidant’ balance is tilted in 
favour of the reactive species, so that oxidative dam-
age levels increase. In some diseases, this makes a 
significant contribution to tissue injury, giving rise to 
prospects for therapeutic intervention with rationally 
designed antioxidant drugs. The antioxidant system 
of the organism is complex and can be separated as 
follows (Table 1):

Fig. 3. Generation of LOOH molecules by lipoxygenase.
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•	 enzymatic (endogenous) antioxidants: super-
oxide dismutase, catalase, glutathione reduc-
tase and glutathione peroxidase. The defense 
enzyme, superoxide dismutase (SOD), takes 
hold of molecules of superoxide – a partic-
ularly destructive free radical-and changes 
them to a much less reactive form. SOD and 
another important antioxidant enzyme set, 
the glutathione system, work within the cell. 
Circulating biochemical’s like uric acid and 
ceruloplasmin react with free radicals in the 
intercellular spaces and bloodstream.

•	 non-enzymatic antioxidant:
1) Metabolic (endogenous) glutamine, L-ar-
ginine, CoQ10, melatonin, uric acid.
2) Food antioxidants (exogenous) – vitamins 
(A, E and C), zinc, magnesium, omega–3 and 
omega–6 fatty acids, carotenoids, and poly-
phenols (flavonoids, curcumin, resveratrol, 
etc.) [23, 40, 41].

Antioxidants are substances that slow or prevent 
the oxidation other chemicals and in this way are ca-
pable of counteracting the damaging effects of oxida-
tion in body tissue. Oxidation reactions can involve 
the production of free radicals which can form dan-
gerous chain reactions. Antioxidants can terminate 

Table 1. Various types of free radicals and their corresponding antioxidant systems [42].

Type of free radical or oxidant Antioxidant system

superoxide anion superoxide dismutase

hydroxide radical SOD, Mn-SOD, Cu, Zn-SOD, glutathione

singlet oxygen Tocopherols, ubiquinone

peroxide radical carotenoids

hydrogen peroxide Catalase, Se-glutathione peroxidase

hydroperoxides Glutathione peroxidase / reductase

transition metals chelators

these chain reactions by removing radical intermedi-
ates and can inhibit other oxidation reactions by be-
ing oxidized themselves. Although there are several 
enzyme systems within the body that scavenge free 
radicals, the principle micronutrient (vitamin) anti-
oxidants are vitamin E, beta-carotene, and vitamin C. 
Additionally, selenium, a trace metal that is required 
for proper function of one of the body‘s antioxidant 
enzyme systems, is sometimes included in this cate-
gory. The body cannot manufacture these micronutri-
ents so they must be supplied in the diet.

The antioxidant reacts with the radical by one of 
the following mechanisms (Fig. 4).

In functional aspect the biological protection 
against free radical processes could be provisionally 
separated in three consecutive protective levels.

Factors acting at the first level decrease to possi-
ble minimum of endogenous radical formation. Here 
could be considered the factors, which function is to 
prevent as much as possible endogenous formation 
of free radicals.

At the second – main level of antioxidant protec-
tion of organism, interception and disposal of already 
formed free radicals is performed. It is realized main-
ly through antioxidant components.

Some enzymes, which partially recreate damages 
caused by free radicals, are classified as third level 

(1) Cleavage of hydrogen

(2) Addition

(3) Electron transfer

X + IH XH + I

X + C C X C C
X + IH X- + IH X- + I + H+

Fig. 4. Mechanism of the reaction between the antioxidant and a free radical [43].
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of antioxidant protection. For example, such effects 
have phospholipase A2, some proteolytic enzymes, 
methionine –sulfoxide reductase, DNA reparative 
enzymes and others [44].

5. Diseases associated with free radicals and oxi-
dative stress.

Oxygen free radicals or, more generally, reactive 
oxygen species (ROS), as well as reactive nitrogen 
species (RNS), are products of normal cellular me-
tabolism. ROS and RNS are well recognised for 
playing a dual role as both deleterious and beneficial 
species, since they can be either harmful or benefi-
cial to living systems. Free radicals and other reactive 
species have been implicated in the pathology of over 
100 human diseases, ranging from ulcerative colitis 
and haemorrhagic shock to cystic fibrosis and AIDS. 
Some human diseases may be caused by oxidative 
stress. For example, ionizing radiation generates OH· 
by splitting water molecules and many of the biolog-
ical consequences of excess radiation exposure are 
probably due to oxidative damage to proteins, DNA, 
and lipids. Injuries caused by free radicals are an im-
portant factor in many pathological and toxicological 
processes [45]. In recent decades, more and more talk 
about oxidative stress, which is defined as an imbal-
ance between the formation of reactive oxygen and 
nitrogen particles (ROS/RNS) and antioxidant pro-
tection. Oxidative stress is characterized by the in-
ability of endogenous antioxidants to counteract ox-
idative damage to biomolecules and also plays a key 
role in the pathophysiology of a variety of diseases 
[46-48]. While excess of ROS strongly damages the 
nucleinic acids, lipids and proteins, low levels of ROS 
affect cell signaling, mainly at the level of the redox 
modulation. Considerable evidence suggests that the 
role of ROS is quite complex: it seems that is crucial 
in the intracellular signal transduction in many cellu-
lar responses such as inflammation, proliferation, dif-
ferentiation, angiogenesis, aging and apoptosis [40]. 
The beneficial role of free radicals consists in the 
fact that they perform many critical functions in our 
bodies in controlling the flow of blood through our 
arteries, to fight infection, to keep our brain alert and 
in focus. Phagocytic cells involved in body defense 
produce and mobilize oxygen free radicals to destroy 
the bacteria and other cells of foreign matter which 
they ingest. Similar to antioxidants, some free radi-
cals at low levels are signaling molecules, i.e. they 
are responsible for turning on and off of genes. Some 
free radicals such as nitric oxide and superoxide are 

produced in very high amount by immune cells to 
poison viruses and bacteria. Some free radicals kill 
cancer cells. In fact certain cancer drugs aim in in-
creasing the free radical amount in body. The excess 
of free radicals is also responsible for causing athero-
sclerosis, cardiovascular diseases, cancer, alcohol-in-
duced liver diseases, depression, ulcerogenic colitis, 
etc. [41, 49].

5.1. schizophrenia and oxidative stress.
Schizophrenia is a severe neuro psychiatric disor-

der, which, according to WHO data, affects 24 million 
people of the world population. One of the factors 
which contribute to the development of schizophre-
nia is oxidative damage to nerve cells. The brain is 
particularly vulnerable to oxidative stress, resulting 
in relatively low levels of antioxidants, high levels 
of polyunsaturated fatty acids and increased oxygen 
consumption. Established a very strong relationship 
between oxidative stress and the pathophysiology of 
schizophrenia. In plasma and erythrocytes of patients 
with schizophrenia increased levels of products of 
lipid peroxidation were observed, as well as enzy-
matic and non-enzymatic antioxidants [50].

5.2. oxidative stress and cardiovascular disease.
Cardiovascular diseases are the most common 

cause of death in developed countries. Although 
atherosclerosis was initially considered a common 
disorder thought to result from the accumulation of 
lipids in the arterial wall, it is clear today that it leads 
to a series of inflammatory processes. The initiating 
step in the development of atherosclerotic lesion is 
the damaging of the endothelium. Oxidative stress 
may contribute to endothelial dysfunction and/or 
cell death. Furthermore, many types of ROS are re-
sponsible for the migration of smooth muscle cells 
in the intima, and also regulate their proliferation. 
Macrophages are able to form ROS, which play an 
important role in inflammation in the injured en-
dothelium and cause oxidative modification of low 
density lipoproteins. Platelets may themselves form 
or may be activated by the superoxide and other rad-
icals resulting in increased aggregation and throm-
bogenesis [51].

5.3. oxidative stress and neurodegenerative dis-
eases.

Parkinson disease (PD) is the second most com-
mon neurodegenerative disease after Alzheimer’s 
disease (AD), prevailing in industrialized countries 
and the WHO estimates affects between 7 and 10 
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million people worldwide. PD is a complex neurode-
generative disease with motor and non-motor symp-
toms, which results in the loss of neurons in the brain. 
Currently there is only a symptomatic treatment and 
no way to control the degenerative process that re-
mains not quite clear. Aging, genetic predisposition 
and environmental factors are considered as risk fac-
tors. There is a significant progress in understanding 
the mechanisms that contribute to dopaminergic cell 
death in the substantia nigra, including mitochon-
drial dysfunction, inflammation, oxidative narrow-
ing. Oxidative stress remains the main element in 
the concept of loss of dopaminergic neurons in PD. 
Since 1980 the publications that determine the for-
mation of ROS as the last step of neuronal death of 
any origin significantly increase. Starting from the 
idea of forming free radicals by high chemical and 
enzymatic oxidation of dopamine in the mechanism 
of action of some toxins such as 6-hydroxydopamine 
(6-OHDA) and paraquat (N,N′-dimethyl-4,4′-bi-
pyridinium dichloride) and ending with evidence 
of clinical and postmortem studies, oxidative stress 
and damage that causes emerge [52]. Lipid peroxi-
dation is strongly associated with some neurodegen-
erative diseases such as PD [53] Huntington disease 
[54], amyotrophic lateral sclerosis, and AD [55-59]. 
During the enzymatic and non-enzymatic reactions 
induced lipid peroxidation LOOS are prepared as in-
termediates. Radicals LOOS, obtained by enzymatic 
reactions have been disabled by the enzyme complex 
and are much less reactive than LOOH. On the other 
hand LOOS, generated with non-enzymatic reactions 
can react with surrounding molecules by attacking 
all molecules with double bonds by epoxidation. As 
a result, important brain compounds such as sphin-
gomyelins, cholesterol esters and unsaturated fatty 
acids are converted into epoxides. In turn, epoxides 
are also reactive and may react with nucleophiles. 
LOOS radical attack also the amino acid residues 
of the proteins, thereby inducing plaque formation, 
which is the basis for neurodegenerative diseases. 
Since the presented sequence of events (changes in 
cellular structure, influx of Ca2+ ions, the activation 
of enzymes, generating LOOH molecules and their 
final cleavage with release of the divalent metal ions 
from enzymes, induces the generation of peroxyl rad-
icals and their attack on proteins) requires much less 
amount of energy than the direct oxidation of the pro-
teins, it can be concluded that the formation of plaque 
is the result of processes of lipid peroxidation [34]. It 
was reported also for lipid peroxidation in the phos-
pholipids. The oxidized phosphatidylcholine is used 

as a marker of inflammation, and is set at high levels 
in stroke and multiple sclerosis [60, 61].

The improved understanding of the disease, the 
discovery of the relationship between lipid peroxi-
dation and neurodegenerative diseases increased sig-
nificantly over the past 20 years. So this new field of 
science provides essential information for modifica-
tions to macromolecules not only on neurodegenera-
tive diseases, and cancer. These new knowledge offer 
much insight into the mechanisms of disease and can 
be considered as potential targets for development of 
new therapeutic strategies [14].

5.4. oxidative stress and cancer.
Cancer is the biggest health problem in the world. 

Despite the progress in prevention and treatment, 
tumors are still the second most common cause of 
death [62]. The development of cancer is a multistep 
process, which is mediated by complex molecular 
and cellular changes caused by various endogenous 
and exogenous stimuli.

Although the mechanisms of antioxidant defense, 
cellular damage from ROS are ubiquitous and even 
not cause cell death, can stimulate the development 
of cancer. There are many hypotheses that mutagen-
esis caused by oxidative changes in the structure of 
DNA is common in normal human cell. A large num-
ber of evidence confirm the essential role of ROS in 
the expansion of tumor cells and their acquisition of 
malignant properties, therefore they define as an es-
sential factor in the development of carcinogenesis. 
For this reason, the inefficiency of preventive anti-
oxidant therapy studied in clinical trials, is very sur-
prising. Ultimately the difficulties in antioxidant in-
tervention can be explained by the complexity of the 
chemistry of free radicals and cancer. Hence, today it 
is assumed that it is best to reduce the causes leading 
to oxidative stress [63].

Oxidative stress is a key component in the rela-
tionship between the toxicity of the environment and 
the multistep process of carcinogenesis. ROS are 
formed in response to endogenous and exogenous 
stimuli. There is a lot of evidence of in vivo and in 
vitro studies that determine external factors such as 
radiation, xenobiotics and chlorinated agents as sig-
nificant inducers of cell damage by ROS-mediated 
toxicity.

Chronic accumulation and oxidative stress induc-
es harmful modifications in many macromolecules 
such as DNA, proteins and lipids. ROS attack DNA 
indirectly by reacting with other cellular components 
such as phospholipids. Phospholipid residues are in 
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much higher concentrations and are the first targets 
of ROS. As a result of passed lipid peroxidation a 
broad range of reactive carbonyl intermediates such 
as α,β-unsaturated aldehydes, like 4-hydroxynonenal 
(4-HNE) and acrolein, dialdehydes, such as malond-
ialdehyde (MDA) and glyoxal, and keto-aldehydes 
like 4-oxo-trans-2-nonenal (4-ONE) are obtained 
(Fig. 5). These carbonyl compounds, generated in bi-
ological systems, have unique properties contrasted 
with free radicals. Further, the non-charged structure 
of aldehydes allows them to migrate with relative 
ease through hydrophobic membranes and hydrophil-
ic cytosolic media, thereby extending the migration 
distance far from the production site. Based on these 
features alone, these carbonyl compounds can be 
more destructive than ROS and may have far-reach-
ing damaging effects on target sites within or outside 
membranes, as they react with nucleophilic groups in 
macromolecules like proteins, DNA and aminophos-
pholipids, among others, resulting in their chemical, 
non-enzymatic and irreversible modification [64]. 

4-HNE is found throughout animal tissues, and 
in higher quantities during oxidative stress due to 
the increase in the lipid peroxidation chain reaction, 
upon increase in stress events. It has been hypothe-
sized to play a key role in cell signal transduction, in 
a variety of pathways from cell cycle events to cel-
lular adhesion [65]. There seems to be a dual action 
of 4-HNE on the health of cells: lower intracellular 
concentrations seem to be beneficial to cells, promot-
ing proliferation, differentiation, antioxidant defence 
and compensatory mechanism, while higher concen-
trations have been shown to trigger well-known toxic 
pathways such as the induction of caspase enzymes, 
the laddering of genomic DNA, the release of cyto-
chrome C from mitochondria, with the eventual out-

come of cell death (through both apoptosis and ne-
crosis, depending on concentration). 4-HNE has been 
linked in the pathology of several diseases such as 
Alzheimer‘s disease, cataract, atherosclerosis, diabe-
tes and cancer [64].

Both of malondialdehyde and 4-hydroxynonenal 
can bind irreversibly to nitrogen containing bases of 
DNA, thus forming DNA-adducts. This determines 
their central role in carcinogenesis because the over-
coming of the mechanisms of cell protection and 
continuing to persist would lead to the formation of 
mutations [65-71]. Oxidative changes are not only 
part of the etiology of cancer, and even developed 
a critical biomarker (8-oxo-dG), determining DNA 
damage [72-76].

•	 Mode of carcinogenic action of ROS
ROS are involved in all three stages of the de-

velopment of cancer: initiation, promotion and pro-
gression. The effect of oxidative stress on the cor-
responding stage of carcinogenesis is directly pro-
portional to the type and reactivity of the radical. 
Initiation is the result of a mutation in the DNA and 
normal cell after fixation of the mutation, resulting 
from cleavage of DNA damage was prepared trig-
gering cell [77]. Promotion step is characterized 
by clonal expansion of mutated initiating cells by 
induction of cell proliferation and/or inhibition of 
apoptosis [68]. Oxidative stress is closely related to 
this stage as ROS stimulate proliferation of mutant 
cells by continuing to modulate genes related to pro-
liferation or cell death [78] and regulate the activity 
of certain transcription factors involved in the con-
trol of cell growth and oncogenesis [79, 80]. This 
leads to activation and secondary induction of genes 
encoding proteins that inhibit apoptosis [81]. It has 
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been found that even very low levels of oxidative 
stress stimulate cell division at this stage and lead 
to tumor growth, as this determines the production 
of ROS as a major mechanism of tumor promotion 
[82]. ROS play an important role in the final stage 
of carcinogenesis, progression. The generation of 
large amounts of ROS contributes to new mutations 
inhibit antiproteases and cytoplasmic metallopro-
teinases [83, 84] and affect local tissues [85]. El-
evated levels of oxidatively modified DNA bases 
lead to genetic instability and metastatic potential 
of tumor cells [86].

•	 ROS mediated damage in biomolecules and 
their role in carcinogenesis

Oxidative changes in nuclear and mitochondrial 
DNA are expressed mainly in: increased levels of ox-
idative DNA changes reported in studies of different 
types of tumors, highlighting their role in the etiolo-
gy of cancer [87-89]. ROS / RNS cause these DNA 
changes [90]:

(1) structural changes in DNA, including muta-
tions in the databases such as deletions, insertions, 
duplications, inversions. Thus, ROS induce chromo-
somal changes that lead to inactivation or loss of al-
leles of tumor suppressor genes and developing steps 
promotion and/or progression, by expression of the 
mutant phenotype.

(2) affection on the nuclear and cytoplasmatic sig-
nal transduction pathways.

(3) modulation of the activity of the genes and 
proteins in an environment of oxidative stress regu-
lating genes associated with cell proliferation, differ-
entiation and apoptosis.

(4) RNS as NO2, ONOO–, N2O3 and HNO2 are 
mutagenic. Have the potential to produce reactions of 
nitration, nitrosation and deamination in DNA bases 
[91, 92].

(5) exposure of cells to H2O2 and other oxidants 
inhibits DNA repair, which leads to an increase in 
disability and increased risk of disease [93].

•	 Damage to mitochondrial DNA
ROS mediated deletions and mutations in mito-

chondrial DNA (mtDNA) with age are accumulat-
ed to a greater extent than in the nuclear DNA [94]. 
MtDNA is much more susceptible to radical attack, 
due to the large amount of histones, and the proxim-
ity of the respiratory chain. Moreover, the reparation 
of the mtDNA is significantly reduced compared to 
chromosomal DNA, which significantly contributes 
to carcinogenesis [95].

•	 Oxidative damage to proteins
Many studies show that the proteins are the main 

cellular target of ROS [96, 97]. Oxidative changes in 
proteins include loss of histidine residues, oxidative 
cleavage of the polypeptide chain, introducing car-
boxyl and other groups [98]. Radical – protein inter-
actions violate the very important functions of certain 
proteins, such as enzymes involved in DNA repair, 
which often leads to increased incidence of muta-
tions. The products of proteins oxidation, such as NO 
or H2O2 may cause cascading effects that potentially 
can damage cellular macromolecules.

•	 Oxidative changes in lipids
Cell membranes are very sensitive to radical at-

tack [99]. ROS-induced lipid peroxidation in cell 
membranes was associated with malignant transfor-
mation [100].

Mechanism of carcinogenic action of the RNS: 
NO mediated DNA damage via formation of carcino-
genic nitrosamines, RNS formation and inhibition 
mechanisms of DNA repair, which defined itself as a 
tumor-initiating agent [101]. It can also have an im-
pact on other stages of cancer development by inhib-
iting apoptosis, promoting angiogenesis, modulation 
of defense mechanisms. It was found that NO and 
NOS enzymes are elevated in the blood and tissues of 
patients with cancer of the oral cavity [102].

In the treatment of cancer are used radiation ther-
apy and chemotherapy, which themselves induce the 
formation of free radicals. Radiation therapy, based 
on the irradiation of X and γ-rays to destroy tumor 
cells, even in the deeper tissues, is actually causing 
direct damage to DNA and thereby impairing cell 
division. The primary mechanism of action of many 
of the drugs used in chemotherapy is the formation 
of ROS-alkylating agents (Melphalan, Cyclophos-
phamide), anthracycline antibiotics (Doxorubicin, 
Epirubicin), podophyllinic derivatives (Etoposide), 
platinum complexes (Cisplatin, Carboplatin) and 
camptothecins (Topocan, Irinotecan). Ultimately, the 
generated free radicals in the therapy often lead to 
side effects such as nephrotoxicity, ototoxicity, car-
diotoxicity and etc.

Some studies have shown decreased anti-oxidant 
status and increased oxidative stress, observed in pa-
tients, even before the start of oncotherapy [103].

Enzymatic and non-enzymatic antioxidant sys-
tems act as synergists to protect cells and organs from 
the radical damage, and therefore cancer. Their inhib-
itory effects on cancer are based on:

1) Immune mechanisms: increased immune re-
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sponse by stimulating cytotoxic cytokines that de-
stroy tumor cells.

2) Molecular and genetic pathways.
3) Inhibition of tumor angiogenesis.
4) Stimulation of cell differentiation.
Antioxidants are used in the treatment of cancer 

and to enhance the effects of chemotherapy and ra-
diotherapy. Yet the use of antioxidants in cancer ther-
apy is debatable. There is evidence that antioxidants 
may reduce the effectiveness of drugs that affect the 
tumor cells by generating free radicals. Although an-
tioxidant protection is extremely important, the anti-
oxidant therapy should be administered with caution 
and given the stage, which includes, as when used 
in the phase of progression of cancer, can stimulate 
tumor growth by increasing resilience of tumor cells. 
Also should be considered carefully and pro-oxidant 
states effect of some antioxidants [104].

conclusion
Reactive oxygen species (ROS), as well as reactive 

nitrogen species (RNS), are products of normal cellu-
lar metabolism. ROS and RNS are well recognised for 
playing a dual role as both deleterious and beneficial 
species, since they can be either harmful or beneficial 
to living systems. Overproduction of ROS and other 
free radicals result in oxidative stress. Oxidative stress 
has been implicated in the etiology of large number of 
major diseases and plays a major role in the pathogen-
esis of many disorders including neurodegenerative 
processes (including cell death, motor neuron diseases 
and axonal injury), neuropsychiatric disorders, cardio-
vascular diseases, neuropsychiatric disorders, diabe-
tes, cataract, cancer as well as aging, viral infections 
(that cause airway epithelial inflammation), etc.
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