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Abstract
Introduction. Oxidation-reduction processes are an element 
of the majority of biological processes. An excess of free 
radicals (FR) and reactive oxygen species (ROS) leading to 
the development of oxidative stress are the cause of many 
general and local diseases, such as: diabetes, rheumatiod 
arthritis, atherosclerosis, periodontal diseases and diseases 
of other elements of the masticatory organ. The sources of 
free radical to which the oral cavity is exposed are the air, 
water, food, stimulants, drugs, and other xenobiotics. Constant 
exposure to FR has led to the development in the oral cavity 
of antioxidative defence mechanisms. Simultaneously, the 
provision to the oral cavity environment of anti-oxidants, such 
as: vitamins C and E, carotenoids, flavonoids, reduces oxidative 
stress in the oral cavity environment.  
Objective. The aim of the study is presentation of the current 
state of knowledge concerning the effect of oxidants and 
anti-oxidants on the oral cavity environment.  
Materials and method. Based on scientific literature in the 
past few years, the results of studies concerning oxidation-
reduction processes in the oral cavity environment were 
analyzed, and endogenous and exogenous factors for 
oxidation, as well as anti-oxidation discussed. Etiologic factors 
of the pathogenic processes were indicated in the course of 
oxidative stress, and the possibilities of its reduction due to 
antioxidants.  
Conclusions. Oxidative stress as an etiologic factor of 
pathological processes in the oral cavity may be balanced or 
weakened as a result of the action of antioxidation mechanisms 
of endogenous origin (salivary protective components), 
and exogenous contained in food and medicinal products. 
This creates the possibility for development of prophylactic 
programmes in oral diseases.
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Streszczenie
Wstęp. Procesy oksydacyjno-redukcyjne są elementem więk-
szości procesów biologicznych. Nadmiar wolnych rodników 
(WR), w tym aktywnych form tlenu (RFT), prowadzących do 
powstania stresu oksydacyjnego jest przyczyną powstania 
wielu chorób o zasięgu ogólnym lub miejscowym, takich jak: 
cukrzyca, reumatoidalne zapalenie stawów, miażdżyca, cho-
roby przyzębia i innych elementów narządu żucia. Źródła wol-
nych rodników, na które narażona jest jama ustna, to powietrze, 
woda, pokarmy, używki, leki i inne ksenobiotyki. Ciągłe naraże-
nie na WR doprowadziło do wykształcenia się w jamie ustnej 
antyoksydacyjnych mechanizmów obronnych. Jednocześnie 
dostarczenie do środowiska jamy ustnej antyoksydantów, 
takich jak: witaminy C, E, karotenoidy, flawonoidy, polifenole, 
zmniejsza stres oksydacyjny w środowisku jamy ustnej.  
Cel pracy. Celem niniejszej pracy jest przedstawienie ak-
tualnego stanu wiedzy dotyczącego wpływu oksydantów 
i antyoksydantów na środowisko jamy ustnej.  
Materiał i metody. Na podstawie literatury naukowej ostat-
nich lat dokonano analizy wyników badań na temat procesów 
oksydacyjno-redukcyjnych w środowisku jamy ustnej. Omó-
wiono czynniki endogenne i egzogenne zarówno oksydacji, 
jak i antyoksydacji. Wskazano na czynniki etiologiczne pro-
cesów chorobowych w przebiegu stresu oksydacyjnego oraz 
możliwości jego obniżenia dzięki antyoksydantom.  
Podsumowanie. Stres oksydacyjny jako czynnik etiologiczny 
procesów chorobowych w jamie ustnej może być zrównowa-
żony lub osłabiony w wyniku działania mechanizmów antyok-
sydacyjnych pochodzenia endogennego (elementy obronne 
śliny) i egzogennych zawartych w pokarmach i produktach 
medycznych. Stwarza to możliwości ułożenia programów 
profilaktycznych chorób jamy ustnej.

Słowa kluczowe
zdrowie jamy ustnej, oksydanty, antyoksydanty, procesy ok-
sydoredukcyjne

INTRODUCTION

In the majority of publications concerning the state of oral 
health, the problem of the content of monosaccharides in 
food and the state of oral health is raised. However, the 
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number of determinants of the state of oral health may be 
larger, and those concerning general causes of morbidity 
and mortality of the population with respect to oral health 
cannot be omitted. This attitude results from the fact that the 
masticatory organ is not an isolated organ, but contains all 
the structural and physiological components characteristic 
of the whole body. Oxidation-reduction processes are an 
element of the majority of biological processes. An excess of 
free radicals (FR), including reactive oxygen species (ROS), 
leading to the occurrence of oxidative stress, is the cause of 
many general or local diseases, such as: diabetes, rheumatoid 
arthritis, atherosclerosis, periodontal diseases and diseases 
of other elements of the masticatory organ. The sources of 
free radicals to which the oral cavity is exposed are the air, 
water, food products, stimulants, drugs, and other xenobio-
tics. Constant exposure to FR has lead to the development 
of antioxidant protective mechanisms in the oral cavity. At 
the same time, provision to the oral cavity environment 
of anti-oxidants, such as: vitamins C and E, carotenoids, 
flavonoids, and polyphenols, reduces oxidative stress in the 
oral cavity environment.

For the majority of organisms, oxygen is indispensable for 
life. However, when there occurs in the environment an ex-
cess of reactive oxygen species (ROS) in the form of oxidative 
stress, cells are destroyed, which leads to the development 
of many pathological processes. Organisms have developed 
protective mechanisms against the toxic effect of oxygen, re-
presented by discoveries established by the 2019 Nobel Prize 
winners Kaelin Jr., Sir Peter J. Ratcliffe and Gregg L. Semenza. 
Studies by these Nobel laureates allowed an understanding of 
the way in which the levels of oxygen exert an effect on cell 
metabolism and physiological functions. These findings also 
paved the way for new strategies in control of diseases of the 
cardiovascular, nervous, skeletal systems, kidney damage, as 
well as in the pathogenesis of oral diseases [1, 2, 3].

Despite the toxic effect of free radicals, human cells and 
tissues are not damaged at each contact with ROS due to 
complex protective mechanisms. These mechanisms include 
antioxidant enzymatic systems – peroxidase, catalase, su-
peroxide dismutase, myeloperoxidase, and non-enzymatic 
systems – reduced glutathione, acute phase proteins, cysteine, 
ascorbic acid, alpha tocopherol, beta-carotene, retinol, uric 
acid, and methionine [4].

OBJECTIVE

The aim of the study is presentation of the current state of 
knowledge concerning the effect of oxidants and antioxidants 
on the oral environment.

MATERIALS AND METHOD

Based on the scientific literature of recent years, the results 
of studies concerning oxidation-reduction processes in the 
oral cavity environment were analyzed, and endogenous and 
exogenous factors for oxidation, as well as anti-oxidation 
discussed. Etiologic factors of the pathogenic processes were 
indicated in the course of oxidative stress, and the possibili-
ties of its reduction due to antioxidatns.

The human oral cavity is the site where the protective me-
chanisms of the body respond to the occurrence of oxidative 

stress. This is possible due to the biochemical properties 
of saliva secreted bythe major and minor salivary glands. 
According to the results of research, saliva produced by the 
parotid glands shows the highest antioxidant capacity [5].

Endogenous antioxidant defence – saliva components. Sali-
va performs a wide range of functions which may be divided 
into 5 main categories: lubrication, buffering and clearance, 
maintenance of tooth integrity, antibacterial activity, as well 
as digestion and taste perception [6]. Saliva consists of over 
99% of water, while the rest consists of electrolytes which 
provide a buffer capacity. Low molecular weight nitrogen 
compounds, hormones and proteins, such as immunoglo-
bulins (mainly IgA, IgG and IgM), enzymes, and other pro-
teins responsible for the protection of the oral cavity against 
disruption of its ecosystem are also present [6, 7]. An increased 
amount of free radicals may be the result of inflammatory pro-
cesses taking place in the oral cavity, and neutrophils, among 
others, are responsible for their production in the process of 
oxidative burst. Neutrophils are the first cells recruited in 
large amounts to the inflammation sites where, apart from an-
timicrobial action, they perform pro-inflammatory as well as 
anti-inflammatory functions in order to balance the immune 
response [8, 9]. Saliva performs many important functions in 
the human body, including endogenous antioxidant defence 
against free radicals (FR), and reactive oxygen species (ROS).

Antioxidants present in saliva include antioxidant en-
zymes (salivary peroxidase (Px), catalase (CAT)), myelo-
peroxidase (MPO), as well as non-enzymatic antioxidants, 
such as uric acid (UA) [10, 11]. A very important salivary 
enzyme is peroxidase, the enzyme which while cooperating 
with hydrogen peroxide H2O2 oxygenates many substrates. 
Salivary peroxidase is the enzyme produced by the ductal 
secretory cells of the major salivary glands which, together 
with thiocyanates and hydrogen peroxide, forms the salivary 
peroxidase system. It catalyses thiocyanides, bromides and 
iodides present in saliva, and also deactivates the hydrogen 
peroxide produced by oral microorganisms, e.g. streptococci. 
The subsequent important component of saliva showing 
both bactericidal and bacteriostatic effect, participating in, 
among others, H2O2 concentration control is catalase, an 
oxidoreductive enzyme catalyzing hydrogen peroxide de-
composition to water and oxygen. Catalase is a biofunctional 
enzyme which may play the role of catalase or peroxidase. 
In the environment with a high concentration of hydrogen 
peroxide catalase activity prevails, consisting in catalyzing 
hydrogen peroxide dismutase reaction to molecular oxygen 
and water. Thus, catalase does not directly participate in the 
elimination of free radicals; however, by the deactivation of 
hydrogen peroxide it does not permit its transformation to 
hydroxyl radical in the Fenton reaction [12, 13].

An equally important enzyme responsible for oxidore-
ductive balance is myeloperoxidase, the basic component of 
azurophilic granules in neutrophils. In the degranulation 
process there occurs a release of MPO inside the phagosome 
where, together with hydrogen peroxide and Cl2 Ions, it forms 
the system responsible for the production of a compound 
with strong bactericidal properties, to which belong: hypo-
chlorous acid, chloroamines, hydroxyl radical, singlet oxygen 
and ozone. The primary product of oxidation reaction of Cl2 
chloride ions by H2O2 In the reaction catalyzed by MPO, is 
a very strong oxidant (bactericidal compound produced by 
neutrophils) hypochlorous acid – HOCl [14, 15]. Uric acid 
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plays a very important role in the functioning of the antio-
xidant barrier in saliva (approx. 70%). Its role is sweeping 
out superoxide anion radical and hydroxyl radical [16, 17].

Exogenous factors with oxidative properties – tobacco, 
fluorides, chlorhexidine, cosmetic dental filling mate-
rials. Apart from the above-mentioned endogenous factors, 
exogenous factors also exert an effect on the oxidoreductive 
balance in the oral environment. They may demonstrate 
pro-oxidative properties: tobacco, fluorides, chlorhexidine, 
dental filling materials, or anti-oxidative properties: zinc, 
vitamin C and E, flavonoids, polyphenols, ozone.

Tobacco smoking. Exerts an adverse effect on the oxidant-
-antioxidant balance in the saliva. According to Munther 
[18], total concentrations of antioxidants in the saliva were 
significantly higher in non-smokers, compared to smokers. 
According to the researcher, cigarette smoking can change the 
total activity of antioxidants in the saliva Cigarettes contain 
a large amount of free radicals which, in the oral environment, 
may increase oxidative stress among smokers and minimi-
ze the activity of antioxidants. Among the most dangerous 
components of tobacco is cadmium which accumulates in 
tobacco leaves. One cigarette contains 1 ÷ 2 µg cadmium, on 
average, of which approximately 10% penetrates into the lungs 
during smoking. High concentration of cadmium, apart from 
pro-oxidative action, causes disorders in the metabolism of 
the ions of zinc, calcium, and iron, leading to osteomalacia or 
demineralization of bones [19]. Production of reactive oxy-
gen species (ROS) induced by Cd may be responsible for its 
toxic effect in many tissues and organs, especially in the oral 
cavity. This metal participates in the production of various 
radicals, including superoxide radical, hydroxyl radical, and 
nitric oxide. Some studies have also confirmed the generation 
of hydrogen peroxide, which, in turn, may be a considerable 
source of radicals via the Fenton and Haber-Weiss reaction. 
Analyses of gene expression showed that chronic exposure of 
the environment to Cd considerably modifies the expression 
of 217 genes regulating apoptosis, cell cycle, response to stress, 
and immune response [20]. In oxidative stress in cells induced 
by Cd it most probably mediates the exchange of transition 
metals, and causes oxidation of lipids and proteins, and oxi-
dative DNA damage in cells [21, 22]. In their study Dąbrowski 
et al. observed that exposure to cadmium weakened the enzy-
matic antioxidant barrier (glutathione peroxidase, superoxide 
dismutase and catalase), and also decreased the concentrations 
of the main non-enzymatic antioxidants, such as reduced 
glutathione, leading as a result to the reduction of the total 
antioxidant status (TAS) in the submandibular salivary gland 
of rats [23]. Clinical examinations in humans showed that in 
the oral cavity tobacco components generate pre-cancerous 
states, cause long healing of wounds, discoloration of tooth 
and periodontal tissues, and taste disturbance by oxidation 
[24, 25, 26, 27]. Considering the prognoses that the expose 
of the general population to this metal will be increasing, 
effective methods for preventing its negative effects are being 
sought. One of these methods is the use of the antioxidant 
potential of polyphenolic compounds and the capacity of these 
compounds for the complexation of Cd2 ions [28].

Fluorides. Used in mass, group, and individual methods of 
prevention of dental caries [29]. The source of fluorides are tea 
leaves, fish meat, fluoridated water, milk and salt; toothpaste, 

fluoride varnishes and gels, as well as tablets and drops [30]. 
The oral supply of an optimal dose of fluoride during the deve-
lopment of teeth causes an increase in the fluoride content in 
the surface layer of enamel, enabling the formation of a stable 
apatite crystal lattice. Fluoride participates in pre-eruptive 
maturation of enamel, which involves removing water and 
proteins from the primary enamel [31]. At each stage, an ex-
cessive, toxic supply of fluorides may cause enamel fluorosis 
by calcium homeostasis disorders [32]. Many changes caused 
by fluoride are associated with cell/matrix interaction during 
teeth formation. At an early stage of maturation, the relative 
amount of amelogenin proteins increase in fluorinated enamel 
in a dose-dependent way. It seems that this results from the 
delay in the removal of amelogenins in the course of enamel 
maturation. The exogenous effect of fluoride after the erup-
tion of teeth consists in the limitation of the effect of caries-
-causing bacteria on the enamel by reducing the production 
of acids, and reduction of the deposition of a bacterial plaque 
on the tooth surface by interfering with the synthesis of ex-
tracellular bacterial polysaccharides. It inhibits carbohydrate 
metabolism in the bacterial cell, among others, by decreasing 
enolase activity and impairment of glucose transport inside 
the bacteria, interfering with the formation of intracellular 
spare polysaccharides [33]. Fluorides, by supporting remine-
ralization – the presence of fluoride ions attracts calcium and 
phosphates – form a new tooth mineral [31].

Apart from the undoubtedly favourable effect in the preven-
tion of caries, fluorides generate oxidative stress and a decrease 
in the activity of antioxidant enzymes. During the last few 
years, a large number of reports have been published concer-
ning the effect of fluorides on the cellular respiration process 
and free radical reactions related with it. An inducing effect 
of the fluoride ion on superoxide radical synthesis has been 
shown. The mechanism of this action consists probably in the 
initiation of so-called oxidative burst. Lu et al. in their study 
found that sodium fluoride (NaF) caused oxidative stress and 
apoptosis. Oxidative stress induced by NaF was accompanied 
by an increase in reactive oxygen species (ROS) and malondi-
aldehyde (MDA), as well as by a decrease in the level of mRNA 
expression and superoxide dismutase activity (SOD), catalase 
(CAT), glutathione (GSH), glutathione peroxidase (GSH) 
-PX), and glutathione S-transferase (GST) [34]. Thus, the be-
neficial anti-caries properties of fluorides, according to their 
concentration and duration of application, may temporarily 
disrupt the oxidation-reduction potential in the oral cavity.

Chlorhexidine (CHX). Present primarily in mouthwashes, 
gels, toothpastes and varnishes [35]. It act as both a dental pla-
que inhibitor and an independent anti-inflammatory agent. 
CHX possesses bactericidal and bacteriostatic potential. 
There is high quality evidence for a considerable reduction 
of dental plaque due to mouth rinsing with chlorhexidine 
[36]. Its bactericidal effect results from damage to the cell 
membrane of bacteria and, in consequence, loss of intracel-
lular material, such as potassium in low concentrations, or 
by inhibition of respiration and loss of nucleic acids in high 
concentrations.

Chlorhexidine inhibits glucosyltransferase and 2-pho-
sphoenolopyruvate phosphotransferase which an enzyme 
important for the functioning and maintenance of the bac-
terial glycolytic pathway. Among the mechanisms of action 
of chlorhexidine its pro-oxidative properties are mentioned. 
Ou et al. investigated the effect of CHX on immortalized 
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odontoblast-like cells (MDPC-23). In their experiment, after 
three days of treatment with CHX, an obvious increase was 
observed in intracellular reactive oxidants [37]. According 
to Proksch et al., in osteoblasts, CHX induces toxicity by 
promoting the total amount of reactive oxidants, which 
may result in further impairment of osteoblasts, such as 
loss of cellular structure or DNA damage [38]. However, the 
undesirable effects of preparations containing CHX are also 
important. Among the most frequent side-effects of the use of 
CHX should be mentioned: brown-black tooth discoloration, 
mucosal discoloration, discoloured tongue, discolouration 
of fillings and dentures, increased supragingival calculus 
formation, exfoliation of the mucous epithelium, irritation of 
the mucosa, and altered taste. For these reasons, CHX cannot 
be applied for a long period of time [39]. Despite its many 
adverse effectsm chlorhexidine still remains the most effec-
tive substance limiting the development of periopathogenic 
bacteria which are the etiologic factor of periodontal disease.

Composite materials. Most commonly applied today in 
conservative dentistry for the restoration of tooth tissues 
damaged by caries. In 2012, a study was conducted within the 
project ‘Monitoring of oral health among the Polish popula-
tion in the years 2010–2012’, which showed that 64.4% of the 
Polish population of 6-year olds have more teeth damaged by 
caries, and only 20% of 12-year-olds have no caries. Among 
the population aged 18, caries is a frequent phenomenon- 
only 3.9% of them are free from caries. The percentage of 
persons aged 18 with a filling covering one tooth surface is 
58.2% in females and 60.2% in males.

The presence of composite fillings may alter the protective 
properties of saliva. Resin monomers are among the compo-
nents with such properties, of which TEGDMA, Bis-GMA, 
HEMA and UDMA are the most commonly used. A study 
conducted by et al. Dem Yıldız onstrated that TEGDMA 
depletes glutathione, which plays a considerable role in the 
maintenance of oxidant-antioxidant balance. They also found 
that the activity of antioxidant enzymes, such as superoxide 
dismutase, decreased, whereas the concentration of MDA 
(malondialdehyde – lipid peroxides indicator) increased on 
day seven after the use of composite materials containing 
TEGDMA in the oral cavity, which is evidence of enhanced 
lipid peroxidation. This suggests that monomers in the filling 
installed increase DNA oxidation [40].

Exogenous factors with antioxidation properties – zinc, 
vitamin C, vitamin E, flavonoids, polyphenols, ozone. 
Zinc is a necessary trace element which acts as a co-factor 
in approximately 300 catalytic enzymes, and is required for 
the structural and functional integrity of cells. It participates 
in many physiological functions, emphasizing its effect as 
an antioxidant and as a part of other proteins related with 
antioxidants [41]. It is supplied to the body mainly with 
diet. Food products of animal and plant origin are rich in 
zinc, i.e.: meat, eggs, liver, oysters, as well as pumpkin and 
sunflower seeds, wheat germs, wheat bran, onions and garlic. 
The World Health Organization (WHO) recommends a daily 
intake of zinc of 9.4–10 mg in females, and 6.5–7.1mg in males 
[42]. The physiologic level of zinc inhibits the production of 
reactive oxygen species, such as superoxide anion (·O-), hy-
drogen peroxide (H2O2) and hydroxyl radical (OH·), as well 
as reactive forms of nitrogen, including peroxynitrite [43]. 
The antioxidative effect of zinc may be caused by the direct 

effect of zinc ions, its structural role in antioxidant proteins 
and modulation of metallothionein induction. The direct 
antioxidative effect of Zn ions is associated with its binding 
to thiol groups, in this way protecting them against oxida-
tion. Zinc deficiency in vascular endothelial cells enhances 
inflammatory response via cytokines and lipids, probably 
through mechanisms related with an increased cellular oxi-
dative stress. In turn, zinc supplementation plays a protective 
role against damage to the vascular system. Mechanisms by 
which zinc protects blood vessels include regulation of Nrf2, 
transcription factor important for the expression of the genes 
encoding antioxidation enzymes, and for the induction and 
expression of metallothionein [44, 45].

A study carried out by Kostecka-Sochoń et al. indicated that 
administration of zinc to animals during exposure to 5 mg or 
50 mg Cd/dm3 totally inhibited cadmium, induced an increase 
in the levels of LPO (lipids peroxidation) and H2O2, and 
a decrease in the level of GSH (glutathione) in the sublingual 
tissue of the salivary gland, which allowed the conclusion that 
zinc supplementation reduces oxidative stress in this gland 
[46]. Apart from antioxidation properties, zinc is also wil-
lingly used in the control of unpleasant mouth odour caused 
by volatile sulfur compounds – so-called halitosis.

Vitamin C (ascorbic acid) is one of the most commonly orally 
administered antioxidants. Vitamin C is present in plant pro-
ducts, and its especially high content is found in: leaf parsley, 
nettle herb, rosehips, broccoli and pepper. Apart from vitamin 
C, vitamin E (α-tocopherol) also reacts rapidly with free radi-
cals produced in metabolic processes, showing antioxidation 
properties [47]. Vitamin C plays a protective role for biomo-
lecules, protecting them against damage caused by oxidants 
produced during basic cell metabolism, and also as a result 
of exposure to toxins and contaminations. In such cases, its 
effect is revealed as a highly effective antioxidant possessing 
capability for easy donation of electrons [48]. Vitamin C is an 
important vitamin, soluble in water, and acts synergistically 
with vitamin E, which may reduce the tocopheroxyl radical 
and oxidized form of α-tocopherol back to α-tocopher [49]. An 
antioxidative effect of vitamin C was confirmed by Abdullah et 
al, who investigated the oxidative effect of hydrogen peroxide 
on human lymphocytes. The researchers found that hydrogen 
peroixide induced 78% of DNA damage in lymphocytes, 
whereas an addition of ascorbic acid decreased DNA da-
mage by 17%, compared to the control group [50]. Vitamin 
C is not only a strong antioxidant against free radicals, but 
simultaneously, in high doses, shows pro-oxidation activity 
in the Fenton reaction, the process in which free radicals are 
produced [51]. Again, the favourable or unfavourable effect 
of dietary supplementation depends on the dose.

Vitamina E is an essential microcomponent of human nutri-
tion, needed for the maintenance of the integrity of cellular 
membranes. Vitamin E (α-tocopherol) is the most important 
lipid antioxidant in the cell membranes and subcellular or-
ganelles. Its sources include: plant oils, nuts, seeds, almonds, 
peanuts, olives, palm oil, rape, sweet corn and soya. It is 
constructed of four tocopherol isomers, reacts directly with 
FR and disrupts lipid peroxidation by capturing substan-
ces reactive with thiobarbituric acid. It shows antioxidant 
properties, mainly with reespect to lipids, because it breaks 
the avalanche chain of peroxidation reactions. Cells treated 
with vitamin E demonstrated a considerable antioxidation 
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capability, compared to he control groups. The researchers 
posed the hypothesis that vitamin E supplementation may 
provide a protective effect against damage of vascular endothe-
lial cells induced by PZ2,5 [52]. Its antioxidation properties are 
willingly used in the treatment of periodontal diseases, where 
the amount of free radicals is reduced which are produced as 
a result of inflammatory processes caused by plaque bacteria. 
According to Ji-Youn et al. the administration of vitamins E 
and C resulted in the reduction of the value of the Gingival 
index (GI), both after 4 weeks and after 8 weeks from the 
initial value [53].

Flavonoids are the subsequent group of antioxidants present 
in the oral cavity. Flavonoids are bioactive organic compo-
unds, which belong to the group of polyphenols, naturally 
occurring in plants which are components of daily human 
food. They serve mainly as dyes, but also show an antioxidative 
effect [54]. Natural antioxidants, such as flavonoids, phenols 
and tannins, prevent diseases related with oxidative stress, 
such as diabetes, cancer, inflammatory processes, and other 
pathological conditions. To-date, more than 4,000 flavonoids 
have been discovered in plants, fruits and vegetables, and most 
often found in seeds, citrus fruits, olive oil, tea, chocolate, and 
red wine. From the pharmacological aspect, flavonoids show 
antiviral, anti-allergic, anti-cancerous, anti-fungal, and anti-
thrombotic effects. They exert an effect on blood vessels, i.e. 
flavonoids and catechines, which increase capillary resistance, 
and show an anti-inflammatory effect which depends on the 
structure of the flavonoids. Flavonoids eliminate pathologi-
cal changes in capillaries, and are applied against diabetes, 
hypertension and atherosclerosis. The antioxidant activity of 
flavonoids depends on the ordering of the functional groups 
in the structure of the compound. Compounds containing hy-
droxyl groups, including flavonoids, show a number of antio-
xidative properties, among others, capture of free radicals and 
capability for metal chelation [55]. Huyut et al. confirmed that 
falvonoids demonstrate a better lipid peroxidation inhibiting 
activity than referential antioxidants, such as α-tocopherol 
[56]. Nwidu et al. reported that natural antioxidants present 
in food, such as phenolic compounds or flavonoids, may play 
an important role in the prevention of disorders related with 
oxidative stress [57]. Flavenoids are also recommended in the 
prophylaxis of oral cavity cancer. Administration of flavone 
apronine in Syrian hamsters prevented the development of 
oral cancer by reducing oxidative stress, and modulating the 
phase I and phase II detoxification cascade responsible for the 
biotransformation of xenobiotics [58].

Polyphenols. Possess a tremendous antioxidation potential. 
The sources of polyphenols are black and green tea, blueberry, 
olive oil, rosemary and ginger; however, chokeberry juice 
contains the greatest amount [55]. Black chokeberry (Aronia 
melanocarpa), is a shrub from the Roseaceae family and origi-
nates from North America. At present in Europe, Poland is the 
greatest producer of chokeberry juice. Black chokeberry is one 
of the richest sources of polyphenols (2.08 mg/100 g) and has 
a very strong antioxidation potential due to its components, 
such as anthocyanins, flavonols, phenolic acids and tannins, 
as well as vitamins and minerals. It was also found that cho-
keberry fruits contain aromatic compounds, including amyd-
galin, cyanogenic glycoside with almond aromas and a bitter 
taste. The main polyphenols in Aronia melanocarpa fruits are 
proanthocyanidins and anthocyanins. Proanthocyanidins are 

the main agent characteristic of bitter taste of chokeberries 
and their colour. The astringent sensation caused by choke-
berry fruit is the reaction of these compounds with proteins of 
the mucous membrane of tongue and taste receptors. Due to 
a large number of hydroxyl groups (-OH) proanthocyanidins 
show a considerably stronger anti-radical activity than vita-
mins E and C. In addition, proanthocyanidins are capable of 
binding toxic metals and alkaloids, thus they are potentially 
useful for detoxication applications.

It is considered that proanthocyanidins have anti-pyro-
genic, anti-hepatic, anti-viral, anti-cancer and antibacte-
rial properties, and actively participate in the prevention 
of thrombosis and hardening of the blood vessels [59]. An-
thocyanins constitute approx. 25% of all polyphenols present 
in chokeberries. These compounds are glycosides. Their 
reactivity allows them to capture free radicals, hence, the 
human body uses them as natural antioxidants. Anthocy-
anins strengthen blood vessels, in particular capillaries, 
and stimulate the production of rhodopsin which plays an 
important role in human vision. Aronia melanocarpa has 
a protective effect on many organs and systems of the human 
body. The beneficial effect of these compounds in various 
diseases and states is the results of their strong antioxidant 
potential [60, which a the antioxidant effect of polyphenols 
may manifest itself in various forms, including:
– direct reaction with free radicals and their binding by 

stabilizing or delocalizing unpaired electrons;
– reducing properties (release of electrons or hydrogen atoms);
– increasing the dissociation of free radicals to compounds 

with much lower reactivity; -
– catalyzing the reaction of transforming free radicals into 

neutral products;
– inhibiting the activity of a number of enzymes responsible 

for the production of ROS (including xanthine oxidase or 
myeloperoxidase);

– increasing activity of other antioxidants (e.g. fat soluble 
vitamins);

– chelating metal ions, e.g. Cu or Fe, which serve as active 
inductors of free radicals;

– increase total antioxidant potential [61, 62].

Summing-up, the results of own study and an experimental 
model on animals by Dąbrowska et al. confirmed that the 
consumption of chokeberry products may prevent oxidative/
antioxidant imbalance induced by Cd, and the development 
of oxidative stress in the parotid gland, protecting against 
damage of this gland by the toxic effect of cadmium [63].

Ozone. An allotropic form of oxygen applied for the disin-
fection of drinking water and closed spaces (ozonation), and 
is increasingly frequently used in medicine due to its effect as 
an anti-viral, anti-fungal, and anti-bacterial agent. Due to this 
effect, ozone therapy is applied, among others, in dentistry, 
dermatology, orthopaedics, surgery, gyneacology, and opthal-
mology [64]. The wide therapeutic use of ozone in dentistry is 
due to its properties: antimicrobial, stimulating the immune 
system, analgesic, detoxifying, anti-hypoxic, biosynthetic and 
biostimulant. In addition, it is applied in many branches of 
dentistr: in prevention, conservative dentistry (teeth white-
ning, treatment of dentine hypersensitivity), endodontics, 
paediatric dentistry, orthodontics, periodontology and the 
treatment of oral mucosa diseases, prosthetics and dental 
surgery [65]. It is able to destroy biomolecules and the cell walls 
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of bacteria, damaging them by reacting with polyunsaturated 
fatty acids in the cell membrane, phospholipids and proteins 
containing methionine, cysteine and histidine [66]. Its antio-
xidant power is third after fluorine and persulphurization [67].

In other studies, medical ozone therapy reduced oxidative 
stress and testicular damage in an experimental testicular 
torsion model in rats. The levels of the oxidant status (TOS) 
and oxidative stress index (OSI) in serum increased in rats not 
treated for testicular torsion; however, it decreased in those 
which received ozone therapy. This suggests that one of the 
potentially beneficial effect of ozone may be minimization of 
tissue damage through the improvement of the activity of the 
antioxidant system [68]. Zhishun et al. investigated the effect 
of ozone pre-conditioning on the inflammatory status and 
oxidative stress damage on a rat kidney transplant model. They 
reported that ozone pre-conditioning may increase the acti-
vity of the endogenous antioxidant system. Therefore, ozone 
pre-conditioning may help in triggering tolerance to reactive 
oxidizing substances generated by certain toxic agents [69].

CONCLUSIONS

Oxidative stress as an etiologic factor of pathological proces-
ses in the oral cavity may be balanced or weakened as a result 
of endogenous antioxidation mechanisms in the saliva, as well 
as exogenous mechanisms in food and medicinal products. 
The above-presented knowledge should be beneficial in clini-
cal practice, not only to dentists, but also the staff practicing 
other medical professions. This would allow an improvement 
in pro-health awareness among both medical staff and pa-
tients from the aspect of holistic medical care. Individual 
responsibility for own health should be constantly monitored 
and supplemented with up-to-date information concerning 
the etiologic and prophylactic mechanisms of diseases of ge-
nera, and local diseases. This creates possibilities for designing 
new prophylactic programmes in oral diseases, not only by 
the elimination of sugars or caries-causing bacteria, but also 
by the simultaneous use of nutrients and dietary supplements 
with the antioxidation properties mentioned in this study.
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