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Oxidative stress occurs as a state of disturbance between free rad-
ical produced and the capability of antioxidant system to counter-
act such [1]. Oxidative stress is a dysbalance between the produc-
tion of free radicals and antioxidant status leading to oxidative
damage of macromolecules including lipids and proteins. Markers
of oxidative stress were found in saliva and were related to both,
systemic and local oral diseases, the latter including inflammatory
diseases such as dental caries, gingivitis and periodontitis and oral
cancer |2]. Free radicals can be defined as molecules or molecu-
lar fragments with an unpaired electron which imparts certain
characteristics to the free radicals are able to produce chemical
modifications and to damage proteins, lipids, carbohydrates and
nucleotides in the tissues. Thete are vatious major routes in which
free radicals can interact with neighboring components in cells to
disturb their integrity and functions. One of these routes is lipid
peroxidation |3, 4].

Reactive oxygen species are naturally occuring oxidants, which are
products of normal cellular metabolism,involved in numerous
cellular biochemical events that are essential to life but at the same
time capable of causing harmful oxidative stress when overpro-
duced. Free radicals cause damage to all essential biocompounds
such as DNA, proteins, and membrane lipids, thereby causing
cause cell death [5, 6].

Saliva is a biological fluid with great potential in biomedical re-
search, especially in dentistry. It mediates the oral health of in-
dividuals through various defense mechanisms such as its flow,
buffering capacity, lipids, total protein, and its antioxidant system.
It is widely used as a biomarker for evaluating the oxidative dam-
age mediated by free radicals including lipid peroxidation occur-
ring in the oral cavity [7].
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The non-invasive sampling makes saliva particulatly useful in the
research on children, mentally disabled people or in experiments
where repeated sampling is needed. Most of the studies focusing
on salivary markers of oxidative stress were conducted in adult
patients [8, 9].

Saliva also provides defense against free radical (FR)-mediated
oxidative stress, since most of the physiological activities such as
mastication and digestion of ingested food promotes a variety of
reactions including lipid peroxidation. Battino et al., 2002, stated
that antioxidant property of saliva provides the first line of de-
fense against oxidative stress [10].

Oxidative stress causes tissue destruction as well as lipid peroxi-
dation. It occurs when there is oxidative stress in the oral cavity.
Thiobarbituric acid reacting substances (TBARS) are a marker of
lipid peroxidation widely used in experimental research as well as
in clinical studies. Although the specificity of the spectrophoto-
metric or spectrofluorometric assay has been questioned in the
past, TBARS are still measured, especially in studies focusing on
inflammatory disorders. Malondialdehyde (MDA) is the end prod-
uct of lipid peroxidation [8]. The byproducts of these reactions
are present in saliva and can be reliably quantified as marker of
oxidative stress [11, 12].

Dental caries is a complex process of demineralization and dis-
solution of substance of the teeth leading to cavitation.It has
been shown to have a multifactorial etiology which leads to the
initiation and progression of the lesion [13]. Dental Caries has
got multifactorial etiology which involves several factors like diet,
host, bacteria, time and personal factors like oral hygiene. The
first line of defense against DC is saliva. Oxidative stress is also
evident in children with Early childhood caries (ECC). According
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to the American Academy of Pediatric Dentistry, early childhood
caries (ECC) is defined as the presence of one or more decayed
(noncavitated or cavitated), missing (due to caries), or filled tooth
(DMFT) surfaces in any primary tooth in a child 71 months of
age or younger.

Oral diseases are not caused by an overgrowth of a single patho-
gen as previously thought, such as Streptococcus mutans in dental
caries, rather, they are caused by dysbiotic composition of the
oral microbiome which has been revealed by comparison with
healthy individuals [14]. However, despite rigorous metagenomic
sequencing efforts, there is no consensus about specific patho-
gens which cause these oral diseases. When pathogens are being
engulfed by human leukocytes, reactive oxygen species (ROS) are
formed. Inflammation-related production of ROS might result in
oxidative stress, which triggers structural and functional changes
of proteins, lipids, and nucleic acids [15].

It is shown in the literature that lipid peroxidation reaction releas-
ing the free radicals has been associated with the pathogenesis
of several pathological disorders. Lipid peroxidation is known to
cause alterations in the structure and function of the host cells by
producing malondialdehyde (MDA) as the by-product [106, 17].

Reactive free radicals have the capacity to modify the reactions
occurring in the cells and cause deterioration of lipids, proteins,
and nucleotides present in the tissue. Saliva has a role in con-
trolling the pathogenesis of plaque formation leading to reduced
susceptibility of dental caries by production of certain chemical
reactions. The goal of antioxidants is to prevent the free radical-
mediated oxidative damage to the host cell membrane [18, 19].
The dynamic interactions between the immune system and the
composition of the microbiome in an apparently healthy oral
cavity is reflected in temporal variability of the oxidative stress
marker levels in otherwise healthy subjects.

It has been shown that good oral hygiene and toothbrushing de-
crease salivary oxidative stresses |20, 21]. Inflammatory and infec-
tious sites show increased MDA levels, which can reveal higher
levels of oxidative stress in periodontitis and dental caries. MDA
levels can reflect the extent of infection, dental plaque, and mi-
crobial counts.

Previous studies have shown that MDA has deleterious effects on
dental caries performance and progression [8, 22].

Oxidative stress-decreasing factors in dental diseases involve good
oral hygiene which may affect the composition of saliva [21].

The balance of oxidant antioxidant system of saliva determines
the overall health of the oral cavity. Impairment of oxidant-anti-
oxidant balance in saliva may lead to various oral pathologic con-
ditions [10].

Antioxidants, with many health benefits, are classified in 3 groups
as chain-breaking, preventative and enzymes, and control ROS
[23]. Antioxidant defense systems remove free radicals for healthy
aerobic life. Some antioxidants are vitamins E, C, A, urate, biliru-
bin, substances containing SH groups, peroxidase, catalase, super-
oxide dismutase, and glutathione peroxidase [24].

Several research has been carried out to analyse the relationship
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between Total antioxidant capacity (TAC) and dental caries. Most
studieshave shown that TAC levels are elevated in children with
dental caries. There have been a few studies that have shown that
children with dental caries have lower TAC levels than caries-free
children [25].

It was observed that studies used different methods to measure
salivary TAC. While spectrophotometryand ferric-reducing anti-
oxidant power, were the most commonly used methods, some
studies also utilized the 2,2-azino-bis 3-ethylbenzthiazoline-6-sul-
fonic acidor the enzyme-linked immunosorbent assay [25].

Subramanyam D et al., 2018 evaluated the levels of MDA in chil-
dren with ECC. The salivary MDA concentration in saliva was
found to be comparatively higher in ECC group than that of the
control group, but there was no significant difference between
them, indicating some role of lipid degradation in the pathogen-
esis of dental caries [20].

Rahmani et al reported that TAC of saliva in those with dental
caries was significantly lower compared with those without dental
caries [27]. Rai et al. studied the relation between lipid peroxida-
tion and dental caries and found that there was no difference in
salivary MDA levels in children with or without ECC.[28]Find-
ings of a study performed by Uberos et al. reported that TAC of
saliva was higher in primary teeth of children with dental caries
[29]. Oztirk et al., compared the association between DMFT and
salivary MDA levels in the dental caries, but they did not find any
significant difference in salivary MDA levels among the groups
studied [30].

Similatly, Krawczyk (2014) reported that, with the increase in
number of caries, stimulated and unstimulated salivary antioxi-
dant level significantly decreased. In another study, Krawczyk re-
ported a decrease in TAC of saliva in subjects with dental caries.
The reduction of salivary TAC in subjects with dental caries may
be related to increased activity of neutrophils and monocytes in
the oral cavity which produces ROS in the presence of bacteria,
i.e., enhanced production of ROS leads to decreased salivary TAC
31].

Tulonoglu et al., studied the relation between caries and TAC, and
showed that there was an opposite linear relation between the
two, i.e., an increase in TAC is associated with an increased caries
experience among the healthy children. In our study, contradict-
ing the above, even though the TAC value increased in healthy
children, dental caries did not increase in these children. In fact,
there was a minimal decrease in caries experience among these
children. These observations cleatly show that dental caries preva-
lence is not directly related to only one factor like TAC but can be
modified by vatious other factors such as good oral hygiene prac-
tice and good diet [32]. Further clinical studies ate required to find
the association between oxidative stress induced lipid peroxida-
tion reaction and other salivary biomarkers, to analyse the dietary
practices and to determine the distinctive role of lipid peroxida-
tion in ECC. And also, futute researches should be conducted to
determine the role of antioxidants such as Vitamin C and Vitamin
E in reducing the oxidative stress-induced lipid peroxidation.

Since Dental caries and Early childhood caries is a common hur-
dle faced by dentists, there is a paradigm shift over the recent
years where the current scenario is to prevent the dental caries
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by identifying the risk factors early to reduce the initiation of the
disease process. Although it is a time-consuming and complicated
process, the evaluation of oxidative stress through lipid peroxida-
tion as a risk factor for dental caries may be essential to diagnose
and perform the treatment at the earliest. Antioxidants can be
prescribed, which are capable of neutralizing the free radicals in-
duced by oxidative stress, thereby preventing lipid peroxidation
process in the oral cavity, which minimizes the bacterial infection
28, 33].

References

[1]. Pisoschi AM, Pop A. The role of antioxidants in the chemistry of oxidative
stress: A review. Eur ] Med Chem. 2015 Jun 5;97:55-74. PubmedPMID:
25942353,

[2]. Kumar D, Pandey RK, Agrawal D, Agrawal D. An estimation and evaluation
of total antioxidant capacity of saliva in children with severe early child-
hood caries. Int J Paediatr Dent. 2011 Nov;21(6):459-64. PubmedPMID:
21718374.

[3]. Slater FT. Free radical mechanisms in tissue injury. Biochem J. 1984; 333:1-
15.PubmedPMID: 6383353.

[4].  Sen CK. Oxygen toxicity and antioxidants: state of the art. Indian J PhysioP-
harmacol 1995;39(3):177-96.PubmedPMID: 8550109.

[5].  McCord JM. The evolution of free radicals and oxidative stress. Am ] Med.
2000 Jun 1;108(8):652-9. PubmedPMID: 10856414.

[6]. Pala FS, Giirkan H. The role of free radicals in ethiopathogenesis of diseases.
AdvMol Biol. 2008 Apr 1;1:1-9.

[7].  Gabryel-Porowska H, Gornowicz A, Bielawska A, Wojcicka A, Maciorkows-
ka E, Grabowska SZ, et al. Mucin levels in saliva of adolescents with dental
caries. Med SciMonit. 2014;20:72-7.

[8]. Guentsch A, Preshaw PM, Bremer-Streck S, Klinger G, Glockmann E,
Sigusch BW. Lipid peroxidation and antioxidant activity in saliva of peri-
odontitis patients: effect of smoking and periodontal treatment. Clin Oral
Investig. 2008 Dec;12(4):345-52. PubmedPMID: 18509684.

[9]. Wei D, Zhang XL, Wang YZ, Yang CX, Chen G. Lipid peroxidation levels,
total oxidant status and superoxide dismutase in serum, saliva and gingival
crevicular fluid in chronic periodontitis patients before and after periodontal

therapy. Aust Dent J. 2010 Mar;55(1):70-8. PubmedPMID: 20415915.

[10]. Battino M1, Ferreiro MS, Gallardo I, Newman HN, Bullon P. The antioxi-
dant capacity of saliva. ] ClinPeriodontol. 2002 Mar;29(3):189-94.

[11]. Behuliak M, Palffy R, Gardlik R, Hodosy J, Halcdk L, Celec P. Variability of
thiobarbituric acid reacting substances in saliva. Dis Markers. 2009;26(2):49-
53. PubmedPMID: 19407359.

[12]. Bernardi E Guolo F, Bortolin T, Petronilho F, Dal-Pizzol F. Oxidative stress

and inflammatory markers in normal pregnancy and preeclampsia. Journal
of Obstetrics and Gynaecology Research. 2008 Dec;34(6):948-51.

[13]. Colak H, Diilgergil CT, Dalli M, Hamidi MM. Early childhood caries up-
date: A review of causes, diagnoses, and treatments. ] Nat SciBiol Med. 2013
Jan;4(1):29-38. PubmedPMID: 23633832.

[14]. Simén-Soro A, Mira A. Solving the etiology of dental caries. Trends Micro-
biol. 2015 Feb;23(2):76-82. PubmedPMID: 25435135.

[15]. Nathan C, Cunningham-Bussel A. Beyond oxidative stress: an immu-

nologist's guide to reactive oxygen species. Nat Rev Immunol. 2013

May;13(5):349-61. PubmedPMID: 23618831.

Lobo V, Patil A, Phatak A, Chandra N. Free radicals, antioxidants and func-

tional foods: Impact on human health. Pharmacogn Rev. 2010 Jul;4(8):118-

[16].

Deepa Gurunathan, Divya Subramanian, Lakshmi Thangavelu. Oxidative Stress and Dental Caries -

[28].

[29].

A Perspective. Int | Dentistry Oral Sci. 2019;88:02:0014:73-75.

https://scidoc.org/IJDOS.php

26. PubmedPMID: 22228951.

. Marcotte H, Lavoie MC. Oral microbial ecology and the role of salivary im-

munoglobulin A. MicrobiolMolBiol Rev. 1998 Mar;62(1):71-109.Pubmed
PMID: 9529888.

. Rahman K. Studies on free radicals, antioxidants, and co-factors. ClinInterv

Aging. 2007;2(2):219-36.Pubmed PMID: 18044138.

. Frijhoff ], Winyard PG, Zarkovic N, Davies SS, Stocker R, Cheng D, et al.

Clinical relevance of biomarkers of oxidative stress. Antioxid Redox Signal.

2015; 23:1144-70.PubmedPMID: 26415143.

. Sculley DV, Langley-Evans SC. Periodontal disease is associated with lower

antioxidant capacity in whole saliva and evidence of increased protein oxida-

tion. ClinSci (Lond). 2003 Aug;105(2):167-72. PubmedPMID: 12650638.

. Tsai CC, Chen HS, Chen SL, Ho YP, Ho KY, Wu YM, et al. Lipid peroxida-

tion: a possible role in the induction and progression of chronic periodonti-

tis. ] Periodontal Res. 2005 Oct;40(5):378-84. Pubmed PMID: 16105090.

. Canakci CF, Cicek Y, Yildirim A, Sezer U, Canakci V. Increased levels of

8-hydroxydeoxyguanosine and malondialdehyde and its relationship with
antioxidant enzymes in saliva of periodontitis patients. Eur ] Dent. 2009

Apr;3(2):100-6. PubmedPMID: 19421389.

. Sheikhi M, Bouhafs RK, Hammarstréom KJ, Jarstrand C. Lipid peroxida-

tion caused by oxygen radicals from Fusobacterium-stimulated neutrophils
as a possible model for the emergence of periodontitis. Oral Dis. 2001

Jan;7(1):41-6.Pubmed PMID: 11354921.

. Panjamurthy K, Manoharan S, Ramachandran CR. Lipid peroxidation

and antioxidant status in patients with periodontitis. Cell MolBiolLett.

2005;10(2):255-64. Pubmed PMID: 16010291.

. Pani SC. The Relationship between Salivary Total Antioxidant Capacity and

Dental Caries in Children: A Meta-Analysis with Assessment of Moderators.
J IntSocPrev Community Dent. 2018 Sep-Oct;8(5):381-385. PubmedP-
MID: 30430062.

. Subramanyam D, Gurunathan D, Gaayathri R, Vishnu Priya V. Compara-

tive evaluation of salivary malondialdehyde levels as a marker of lipid per-
oxidation in early childhood caries. Eur ] Dent. 2018 Jan-Mar;12(1):67-70.
PubmedPMID: 29657527.

. Rahmani M, Ghorchi V, Rezaei E, Vaisi-Raygani A. Evaluation of Total Anti-

oxidant Capacity of Saliva in High School Students. Glob J Health Sci. 2015
Jul 31;8(4):89-94. PubmedPMID: 26573023.

Rai B, Kharb S, Jain R, Anand SC. Salivary LPO product malondialdehyde
in various dental diseases. World ] Med Sci. 2006;1:100-1.

Uberos J, Alarcén JA, Pefialver MA, Molina-Carballo A, Ruiz M, Gonzilez
E, et al. Influence of the antioxidant content of saliva on dental caries in
an at-risk community. Br Dent J. 2008 Jul 26;205(2):E5. PubmedPMID:
18545268.

. Oztiirk LK, Furuncuoglu H, Atala MH, Ulukéylii O, Akyiiz S, Yarat A.

Association between dental-oral health in young adults and salivary glu-
tathione, lipid peroxidation and sialic acid levels and carbonic anhydrase
activity. Braz ] Med Biol Res. 2008 Nov;41(11):956-9. PubmedPMID:
18982196.

. Krawczyk D, Sikorska-Jaroszyriska MH, Mielnik-Blaszczak M, Pasternak K,

Kape¢ E, Sztanke M. Dental caries and total antioxidant status of unstimu-
lated mixed whole saliva in patients aged 16-23 years. Adv Med Sci. 2012
Jun 1;57(1):163-8. PubmedPMID: 22472470.

. Tulunoglu O, Demirtas S, Tulunoglu I. Total antioxidant levels of saliva

in children related to caries, age, and gender. Int J Paediatr Dent. 2006
May;16(3):186-91. Pubmed PMID: 16643540.

. Lobo V, Patil A, Phatak A, Chandra N. Free radicals, antioxidants and func-

tional foods: Impact on human health. Pharmacogn Rev. 2010 Jul;4(8):118-
26. PubmedPMID: 22228951.



http://scidoc.org/IJDOS.php

