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Abstract
This review paper aimed to evaluate the effect of oxidative stress in the prevalence of some
dental diseases and the role of antioxidants in dentistry. Oxidative stress is a normal
phenomenon, present in healthy human body help them to produce energy that they need for
their life. During that, the formation of free radicals begins, including both reactive oxygen
species "ROS" & also reactive nitrogen species "RNS". These radicals have a role in a many
types of signalling pathways that regulate inflammation. Antioxidants constrain the
formation of free radicals. Mitochondria, a small cell organelle acts to generate energy in the
form of adenosine triphosphate "ATP". It combines oxygen & glucose to form carbon
dioxide, water, & ATP. Free radicals result as by-products of this metabolic process & when
natural defence apparatuses be unsuccessful, the level of free radicals begins to increase to
levels where the capacity of the body is unable to neutralize them entering the body into the
state of high oxidative stress, which means greater risk of numerous oral & systemic
diseases. Oral tissues are liable to free radical damage in a unique manner due to the presence
of mucus membranes that allow rapid absorption of constituents throughout their surfaces.
In oral environment, infection of gingiva can produce oxidative stress. The rise in formation
of free radicals by oxidative stress results in further destruction of cellular walls and oral
tissues. The study results suggested that the use of antioxidants is an adjunct approach to
dental therapy may be helpful in controlling the oral health status.
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INTRODUCTION

In the healthy human body, oxidative stress
is a normal phenomenon that helps to produce the
energy necessary for their life (V. Free radicals "a
necessary evil" play an important role in life. They
result, as byproducts, including reactive oxygen
species "ROS" and reactive nitrogen species
"RNS" triggering different signaling pathways
inside the cell. @ A small cell organelle called
mitochondria acts to combines oxygen & glucose
to form adenosine triphosphate "ATP”, carbon
dioxide and water ©,

The levels of free radicals begin to increase
where the body becomes unable to neutralize
them, when an equilibrium is lost & when natural
defense apparatuses failed. Certain people have
insufficient micronutrient, and/or conditions with
may increase the need “e.g., infection, stress, and
pollution™ will cause an additional reduction in
their stores. ¥ So bodies will enter into the state
of high oxidative stress, which means higher risk
of oral & systemic diseases. “>®. In order to
scavenge the harmful effects of these free radicals,
the body introduces variable mechanisms that will
neutralize the elevated levels of free radicals and
keep the cells safe against their toxic effects and
help in prevention of diseases. @ Substances that
able to neutralize free radicals are called
antioxidants. They do that by mean of donating an
electron. The destructive effects of oxidative
stress are usually coming from free radicals of
oxygen which can be altered by enzymatic and/or
non-enzymatic antioxidants. Very well-known

examples of these antioxidants are vitamins (8,
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Salivary Antioxidants System:

The antioxidant guard consists of cellular
protective enzymes and non-enzymatic
antioxidant agents. Cells have an antioxidant
defensive system for avoiding the excessive
production of free radicals, besides establish
repair of injury caused by free radicals. ©
Salivary protective mechanisms consist of the
damage prevention, repair and removal of the
damaged biomolecules before their
accumulation and a new damage induction. The
usefulness of the antioxidant system of saliva
depends on the intake of vitamins and
micronutrients as well as the regulation of
antioxidant enzymes synthesis by physical
activity, nutritional condition and/or aging.
D Also the levels of salivary antioxidants can
be altered in response to diseases. 2 Enzymatic
include GSH

peroxidase, superoxide dismutase (SOD),

elements of antioxidants
myeloperoxidase and catalase while non-
enzymatic elements include minerals, vitamins,
thiols, polyphenols, uric acid (UA), and
albumin @314 According to their function,
salivary antioxidants are classified into three
groups, the first group includes preventive
antioxidants, those which slow down free
radicals formation, such as albumin, catalase,
transferrin, carotenoids, GSH peroxidase, and
haptoglobin. Second group includes scavenger
antioxidants, such as vitamins, which eliminate
free radicals to slow down the cellular injure.
The last are enzymes “lipases, proteases,
transrase" that repair the destruction caused in

the body. ®® In the last few years, antioxidant
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salivary protection has been an interesting
subject of several medical research. Many of
these researches have proved that oxidative
stress has a vital role in the pathogenesis of
many inflammatory diseases 9. In dentistry,
periodontal diseases are common in the oral
cavity, the activity of stress and antioxidant
defence of this disease is gradually more stated.
For a better understanding of periodontal
diseases pathogenesis, salivary analysis for
oxidant and antioxidant types is essential for

new preventive approaches ¢7),

The oxidative stress with dental and oral
diseases:

Oxidative stress that results in an
imbalance between the ROS activity and the
ability of the body to detoxify them by
antioxidants, can lead to microdamage of the
cell membrane, DNA damage, and protein
deactivation. 1®

Oral tissues are liable to free radical
damage in a unique manner because the ability
of mucus membranes to permit fast absorption.
The oral tissues infections can induce oxidative
stress causing an increase in formation of free
radicals which further increase breakdown of
cell walls and oral tissues. * 20 In a meta-
analysis of 16 studies from different countries
found that both serum total antioxidant levels
and oxidative stress biomarkers, were lower in
patients suffering from periodontal disease
compared with healthy persons, indicating that
such inflammatory condition may provoke
systemic  oxidative stress.?Y  Numerous
researches were reported that periodontal tissue

inflammation can create ROS that go to blood,

and gradually induce distress to other organs
mostly due to cells of innate immunity
neutrophils .?22%) A conventional hypothesis is
that inflammation can cause oxidative stress
and vice versa, %429

The presence of periodontopathic
bacteria in saliva has been proved. It activates
the host responses and neutrophils infiltration, a
main source of ROS in periodontal tissue during
inflammation. ©® 2" They considered as an
important mechanism of bacteria killing and
removal ®, At the same time, these ROS might
result in host tissues destructions when they are
not defused by the antioxidant system. @8, So
that, a good balance between ROS and TAC of
the host tissue is necessary for the proper tissue
homeostasis that prevents tissue damage. %

Recently, many articles concerning the
roles of free radicals and antioxidants in dental
healthiness were published. They have a lot of
signaling ways that control inflammation. The
free radical formation was inhibited by
modulation of antioxidant mechanisms which
control their transfer to the area of excessive

free radicals. G9

Mechanisms of reactive oxygen species
that cause tissue damage include: ¢V
a. Pro- inflammatory cytokines stimulation
(e.g. IL-1, IL-6, and TNF-a)
b. Protein damage (e.g muscles)
c. DNA damage and mutations X Lipid
peroxidation
d. Oxidation of important enzymes like
Antiprotease.
The main sources of free radical

formation are internal factors including normal
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cellular metabolisms, and different enzymatic
activities. The second one is the external factors
including radiation, cigarette smoke and oxygen
itself. ¢

Categorization of Antioxidants:

There are three classes of antioxidants:
The primary one which control prevention of
oxidants development; secondary antioxidants
which act as scavengers of reactive oxygen
species, and tertiary one which act as oxidized
molecules renewal agents. They can also be
divided as: ¢
1-Enzymatic antioxidants: The system of
enzymes like glutathione, Catalase, peroxidase,
and superoxide dismutase participates either in
direct or indirect manner in defence against the
ROS.
2- Nonenzymatic antioxidants: like vitamins
and minerals. ¢
3-Hydrophilic antioxidants
4-Hydrophobic antioxidants
5-Endogenous antioxidants: they can be
classified into primary and secondary. They

dissociate and inactivate ROS. ©3

Periodontal Diseases and oxidative
stress:

Reactive oxygen species have major

action in the initiation and progression of

inflammatory response. Oral bacteria are
responsible of the instigation and the
progression of some oral diseases like

gingivitis. Gingival bacteria can aggravate ROS
synthesis and may result in periodontal tissue
injuries. ©>36)

Clinical studies showed that diseases of

periodontium are associated with high lipid
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peroxidation in saliva ©¢”. ROS formed by
inflammation like gingivitis or periodontitis go
to the blood during progression of these
diseases, resulting in oxidation of different
blood molecules leading to progressive harm of
circulating oxidative stress to many parts of the
body.

Therefore, the changes in the level of
circulating antioxidant are mandatory to study
the relation between oral inflammations and
circulatory oxidative stress. A study found that
antioxidant levels of blood in individuals
having gingival inflammations were less than
individuals having normal gingival. ©® At the
present, many methods are available to measure
the antioxidant level in blood and saliva. An
like

"glutathione peroxide, superoxide dismutase

earlier study showed that enzymes,

and catalases", were higher, while the levels of
nonenzymatic one, like vitamins were lower in
gingivitis compared to control groups. Saliva
with it is highly effective antioxidative

properties has an essential role in the
preservation of oral health providing the
gastrointestinal tract with a primary defensive
Other

oxidative stress impact of saliva still needs to be

line of antioxidant against ROS. ©9

studied. A study carried out on salivary
peroxidase, uric acid, superoxide dismutase,
salivary flow rate, and products of oxidative
damage were predicted in saliva. It was
established that they may be helpful in the
disease investigations, that oxidative stress has
a major role in its aetiology. 9

Oxidative Stress and dental caries:

caries is

Dental widely distributed

worldwide. Reviews concern with the aetiology,
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pathology, and treatment of dental caries were
available before. “V Recently, the concept of
oxidative stress is strongly connected with an
inflammatory response in dentin, leading to teeth
destruction. The action of oxygen free radicals
and antioxidants on parotid gland was suggested
in the theory of dental caries “?. The relation
between oxidative stress and dental caries is less
obvious. Researches were mostly study the
salivary oxidative stress in relation to caries of
teeth were examining the antioxidant salivary
biomarkers “34% but not the caries itself.

In a study analysed saliva collected from
patients with active caries, a higher lipid
peroxidation was identified in those patients
compared to the control group. “®

The association between caries and total
antioxidant capacity was confirmed by some
researchers. “? The levels of acute antioxidant
effect might be elevated in response to
inflammation and dental caries, but chronic
effects might be related to use of antioxidants. A
panel connection between antioxidant markers
and oxidative stress is apparently required to
understand the action of oxidative stress in
pathogenicity and development of oral disease.
(48-50) Although studies have a clear outcome, the
destructive mechanisms of oxidation in saliva
with regard to dental caries were still lacking. So,
to explain the association between them in saliva;
more studies dealing with the underlying
mechanisms of their association appears to be
necessary.

Studies have been conducted to found a
relationship between dental restorations and
antioxidant enzymes. The presence of Hg in the

amalgam filling material can induce oxidative
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stress in patients who had dental amalgam

restorations for long time’s periods ©2).

CONCLUSION
Oxidative the
and

Dental

stress
fight
dental

compromises

body's ability to infection

inflammation in disease.
materials as well as diet and environment are
among the many sources of oxidative stress.
Antioxidants can inhibit and/or stop the
of ROS

therapeutically useful in reducing the risk for

production and it may be

many dental diseases.

REFERENCES

1. Gombart, A. F., Pierre, A., Maggini, S. A
review of micronutrients and the immune
System—Working in harmony to reduce the
risk of infection. Nutrients. 2020. 12(1),
236.

2. Asmat, U., Abad, K., Ismail, K. Diabetes
mellitus and oxidative stress—A concise
review. Saudi Pharmaceutical J. 2016.
24(5), 547-553.

3. Zukowski, P., Maciejczyk, M., Waszkiel,
D. Sources of free radicals and oxidative
stress in the oral cavity. Archives of Oral
Biology.2018.92, 8-17.

4, Birben, E., Sahiner, U. M., Sackesen, C.,
Erzurum, S., Kalayci, O. Oxidative stress
and antioxidant defense. World Allergy
Organization J. 2012. 5(1), 9-19.

5. Horne SD, Chowdhury SK, Heng HH.
Stress, genomic adaptation, and the

evolutionary  trade-off.

genetics. 2014. 5, 92.

Frontiers in



6.

10.

Al-Rafidain Dental Journal, Vol. 22, Issue No.2, 2022 ( 323-331)

Ahmadi-Motamayel, F., Falsafi, P.,
Abolsamadi, H., Goodarzi, M. T,
Poorolajal, J. Evaluation of Salivary

Antioxidants and Oxidative Stress Markers

in  Male Smokers. Combinatorial
chemistry high throughput screening.
2019. 22(7), 496-501.

Choromanska, M., Klimiuk, A., Kostecka-
Sochon, P., Wilczynska, K., Kwiatkowski,
M., Okuniewska, N., ...

Antioxidant defence, oxidative stress and

Maciejczyk, M.

oxidative damage in saliva, plasma and
erythrocytes of dementia patients. Can
marker  of

salivary AGE be a

dementia? International J  Molecular
Sciences. 2017. 18(10), 2205.

Balbi, M. E., Tonin, F. S., Mendes, A. M.,
Borba, H. H., Wiens, A., Fernandez-
Llimos, F., Pontarolo, R. Antioxidant
effects of vitamins in type 2 diabetes: a
meta-analysis of randomized controlled
trials. Diabetology metabolic syndrome.
2018. 10(1), 18.

Choromanska, M., Klimiuk, A., Kostecka-
Sochon, P., Wilczynska, K., Kwiatkowski,
M., Okuniewska, N., Maciejczyk, M.
Antioxidant defence, oxidative stress and
oxidative damage in saliva, plasma and
erythrocytes of dementia patients. Can
marker  of

salivary AGE be a

dementia? International J  Molecular
Sciences. 2017.18(10), 2205.

Sugiura K, Nagai T, Nakano M, Ichinose
H, Nakabayashi T. Redox sensor proteins
for highly sensitive direct imaging of
intracellular redox state. Biochem Biophys

Res Commun. 2015.457: 242-248.

328

11.

12.

13.

14.

15.

16.

17.

18.

Ahmadi-Motamayel, F., Goodarzi, M. T.,
Jamshidi, Z., Kebriaei, R. Evaluation of
salivary and serum antioxidant and
oxidative stress statuses in patients with
chronic periodontitis: a case-control study.
Frontiers in physiology. 2017. 8, 189.
Hegde, A., Rai, K., Padmanabhan, V. Total
antioxidant capacity of saliva and its
relation with early childhood caries and
rampant caries. J Clinical
Dentistry. 2009. 33(3), 231-234.
Cervellati, C., Romani, A., Seripa, D.,
E., Bosi, C., Magon, S,

Zuliani, G. Systemic oxidative stress and

Pediatric

Cremonini,

conversion to dementia of elderly patients
with mild cognitive impairment. BioMed
research international, 2014.
Kamodyova, N., Cervenka, T., Celec, P.
Salivary markers of oxidative stress in oral
diseases. Frontiers in cellular and
infection microbiology. 2015. 5, 73.

Brik R, Rosen 1, Savulescu D, Borovoi I,
Gavish M. Salivary antioxidants and
metalloproteinases in juvenile idiopathic
arthritis. Mol Med. 2010.16: 122-128.
Wang, Y., andrukhov, O., Rausch-Fan, X.
Oxidative stress and antioxidant system in
periodontitis.
2017. 8, 910.

Pendyala G, Thomas B,

Frontiers in physiology.

Joshi  SR.
Evaluation of total antioxidant capacity of
saliva in type 2 diabetic patients with and
without periodontal disease: a casecontrol
study. N Am J Med Sci. 2013. 5: 51-57.

Varadharaj, S., Porter, K., Pleister, A,
Wannemacher, J., Sow, A., Jarjoura, D.
Khayat, R. N. Endothelial nitric oxide



19.

20.

21.

22.

23.

24,

Al-Rafidain Dental Journal, Vol. 22, Issue No.2, 2022 ( 323-331)

synthase uncoupling: a novel pathway in
OSA
dysfunction. Respiratory

neurobiology. 2015.207, 40-47.
Akpinar A, Toker H, Ozdemir H, Bostanci
V, and Aydin H. The effect of non-surgical

endothelial
physiology

induced vascular

periodontal therapy on oxidant and anti-
oxidant status in smokers with chronic
periodontitis. Arch Oral Biol. 2013. 58:
717-23.

Baltacioglu, E., Yuva, P., Aydm, G,
Alver, A., Kahraman, C., Karabulut, E.,
Akalin, F. A. Lipid peroxidation levels and
total oxidant/antioxidant status in serum
and saliva from patients with chronic and
aggressive periodontitis. Oxidative stress
index: a new biomarker for periodontal
disease?. J Periodontology. 2014. 85(10),
1432-1441.

Liu, Z., Liu, Y., Song, Y., Zhang, X.,
Wang, S., Wang, Z. Systemic oxidative
stress biomarkers in chronic periodontitis:
a meta-analysis. Disease Markers, 2014
Tomofuji, T., Ekuni, D., Yamanaka, R.,
H., Azuma, T., Sanbe, T,

Takata, T. Chronic administration of

Kusano,

lipopolysaccharide and proteases induces
periodontal inflammation and hepatic
steatosis in rats. J periodontology. 2007.
78(10), 1999-2006.

Mittal, M., Siddiqui, M. R., Tran, K,
Reddy, S. P., Malik, A. B. Reactive
oxygen species in inflammation and tissue
injury. Antioxidants redox signaling. 2014.
20(7), 1126-1167.

Konopka, T., Krol, K., Kopec, W., and

Gerber, H. Total antioxidant status and 8-

329

25.

26.

217.

28.

29.

30.

hydroxy-2’-deoxyguanosine levels in
gingival and peripheral blood of
periodontitis patients. Arch. Immunol.

Ther. Exp. 2007. 55, 417-422.

Trivedi, S., Lal, N., Mahdi, A. A., Singh,
B., and Pandey, S. Association of salivary
lipid peroxidation levels, antioxidant
enzymes, and chronic periodontitis. Int. J.
Period. Restorat. Dent. 2015.35, e14—109.
Ryder, M.l. Comparison of neutrophil
functions in aggressive and chronic
periodontitis. Periodontol. 2010. 53,124—
137.d0i:10.1111/j.16000757.2009.00327.
X.

Scott, D. A., & Krauss, J. Neutrophils in
periodontal inflammation. In Periodontal
disease. Karger Publishers. 2012. 15:. 56-
83.
Hajishengallis, E.,

Neutrophil homeostasis and periodontal

Hajishengallis, G.

health in children and adults.J dental
research. 2014. 93(3), 231-237.

Zhang, T., andrukhov, O., Haririan, H.,
Maller-Kern, M., Liu, S., Liu, Z., Rausch-
Fan, X. Total antioxidant capacity and
status in saliva of

total oxidant

periodontitis patients in relation to
bacterial load. Frontiers in cellular and
infection microbiology. 2016.5: 97.

Gyuraszova M, Gureckd R. Babickova J
and Tothova L (2020).Oxidative Stress in
the Pathophysiology of Kidney Disease:
Implications for Noninvasive Monitoring
Biomarkers.

and ldentification of

Oxidative  Medicine and  Cellular

Longevity.VoL. 2020, Article ID 5478708,



31.

32.

33.

34.

35.

36.

37.

Al-Rafidain Dental Journal, Vol. 22, Issue No.2, 2022 ( 323-331)

11 pages
https://doi.org/10.1155/2020/5478708.

Valko M, Leibffritz D, Moncol J, Cronin
MT, Mazur M, Telser J. Free radicals and
in normal

antioxidants physiological

functions and human disease. Int J
Biochem Cell Biol. 2007.39: 44- 84.
Shivanna Vv and Gupta S.
ANTIOXIDANTS; STRESSBUSTERS
IN DENTISTRY- A REVIEW. Journal of
Dental Practice and Research. 2013. 1(2):
9-19.

Shastri A, Srivastava R, Jyoti B, Gupta M.
The Antioxidants-Scavengers of Free
Radicals for Immunity Boosting and
Human Health. Over all Well Being.
International J Contemporary Medical
Research. 2016. 3 (10): 77.83. ISSN:
2393-915X: 2454-7379.

Zeinab M, Azita H, Mojgan N. Antioxidant
efficacy of vitamin D, Antioxidant efficacy
of vitamin D. J Parathyroid Disease. 2017.
5(1): 11-16.

Bhuvaneswari P. Antioxidants in Oral
Healthcare Saveetha Dental College, Sai
Pavithr. R /J. Pharm. Sci. & Res. 2014.
6(4): 206-2009.

Valko M, Leibffritz D, Moncol J, Cronin
MT, Mazur M, Telser J. Free radicals and
normal

antioxidants in physiological

functions and human disease. Int J
Biochem Cell Biol. 2007.39: 44- 84.

Ekuni D, Tomofuji T, Tamaki N, Sanbe T,
Azuma T, Yamanaka R, et al. Mechanical
stimulation of gingiva reduces plasma 8-
OHdG level in rat periodontitis. Arch Oral

Biol. 2008.53: 324-9.

330

38.

39.

40.

41.

42.

43.

44,

K, Manoharan S,
Ramachandran CR.

Panjamurthy
Lipid peroxidation
and antioxidant status in patients with
periodontitis. Cell Mol Biol Lett. 2005.10:
255-64.

Pedersena AL, Belstramb D. The role of
natural salivary defenses in maintaining a
healthy oral microbiota. J Dent. 2019. 80
Suppl 1, S3-S12.
DOI: 10.1016/j.jdent.2018.08.010
Magdalena
Klimiuk

Karolina

Choroman’ska , Anna
Paula Kostecka-Sochon™ ,
Mikotaj

Natalia Okuniewska

Wilczyn'ska
Kwiatkowski
Napoleon Waszkiewicz , Anna Zalewska
and Mateusz Maciejczyk . Antioxidant
Defence, Oxidative Stress and Oxidative
Damage in Saliva, Plasma and
Erythrocytes of Dementia Patients. Can

Salivary AGE be a Marker of Dementia?

nt. J. Mol. Sci. 2017. 18(2205).
doi:10.3390/ijms18102205
Selwitz,R.H.,Ismail,A.l.,and Pitts,N.B.

Dental caries. Lancet. 2007. 369,51-59.
d0i:10.1016/S0140-6736(07)60031-2
Southward, K.
dental caries. Gen.Dent. 2011.59, 367-—
373; quiz374-375.
Uberos,J.,Alarcon,J.A.,Penalver,M.A.,Mo
lina-
Carballo,A.,Ruiz,M.,Gonzalez,E. etal.

Influence of the antioxidant content of

Thesystemic-theory  of

inanat-risk
2008.

dental caries
community. Br.Dent.J.
205,E5.d0i:10.1038/sj.hdj.20 08.520

Hegde,A.M.,Rai,K.,and Padmanabhan,V.

Total antioxidant capacity of saliva and its

saliva on


https://doi.org/10.1155/2020/5478708
https://www.researchgate.net/scientific-contributions/2081021725_Anu_Shastri
https://www.researchgate.net/profile/Rahul_Srivastava10
https://www.researchgate.net/profile/Bhuvan_Jyoti
https://www.researchgate.net/scientific-contributions/2044567384_Manas_Gupta
https://doi.org/10.1016/j.jdent.2018.08.010

45,

46.

47,

48.

Al-Rafidain Dental Journal, Vol. 22, Issue No.2, 2022 ( 323-331)

relation with early childhood caries and
rampantcaries. J.Clin. Pediatr.Dent. 2009.
33,231234.d0i:10.17796/jcpd.33.3.c73051
8021m56077

Kumar, D., Pandey,R.K. ,and Agrawal,D.
Anestimationandevaluationoftotalantioxid
antcapacityofsalivainchildrenwithsevereea
rly childhood caries. Int.J.Paediatr.Dent.

2011. 21,459-464.d0i:10.1111/j.1365-
263X.2011.01154.x
Rai, B.K.S., Jain,R., and Anand,S.C.

Salivary LPO product malonaldehyde in
various dental diseases. World J. Med.Sci.
2006. 1,100-101.

Hegde,M.N. Hegde,N.D., Ashok,A., and
Shetty,S. Evaluation of total antioxidant
capacity of saliva and serum in caries-free
and caries-active adults: an in-vivo study.
Indian J. Dent 2013. 24,164-
167.d0i:10.4103/0970- 9290.116670
Prior,R.L., and Cao,G.

antioxidant capacity:

.Res.

In vivo total

comparison
ofdifferentanalyticalmethods1. Free
Radic. Biol.Med. 1999. 27,1173-
1181.doi: 10.1016/S0891-
5849(99)00203-8

331

49.

50.

51.

52.

Thanoon AY., Al-Mashhadane FA. Anti-
inflammatory effect of vitamin D3 on
chronic gingivitis. Al-Rafidain Dent J.
2020;20(2): 73-82. DOL:
10.33899/rden.2020.164541

Al-Basrawi RF., Al-Mashhadane FA.
Antioxidant Effect of Folic Acid and its
Relation to Salivary Proteins and Oral
Health. Al-Rafidain Dent J. 2020; 20 (1):
83-94. DOI: 10.33899/rden.2020.164540
AY., Al-Mashhadane FA

Antioxidant effect of vitamin D3 and its

Thanoon

relation to salivary proteins and oral health.
Al-Rafidain Dent J. 2020; 20 (1): 114-124.
DOI: 10.33899/rden.2020.126781.1024

M.E.,

Izquierdo J.M., Bravo-Gonzélez L.A.,

Cabafia-Mufioz Parmigiani-

Kyung H.M., Merino J.J. Increased
Zn/glutathione  levels and  higher
superoxide dismutase-1 activity as

biomarkers of oxidative stress in women
with long-term dental amalgam fillings:
correlation between mercury/aluminium
levels (in Hair) and antioxidant systems in
plasma. PLoS ONE. 2015;10: e0126339.
doi: 10.1371/journal.pone.0126339



