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ABSTRACT

Background. Oxidative stress arises when the generation of reactive oxygen species exceeds
the capacity of endogenous antioxidant systems to neutralize them. A substantial proportion
of inhaled oxygen is converted within cells into superoxide and related free radicals, highly
reactive species that damage DNA, proteins, lipids, and cellular membranes. When this damage
accumulates faster than it can be repaired, it contributes to the progressive deterioration of
cells and tissues that underlies biological aging and a range of age-associated conditions.
Endogenous defense against this process depends on a coordinated network of antioxidant
genes, among which SOD2 governs mitochondrial superoxide conversion, GPXI mediates
peroxide detoxification, and the glutathione S-transferases GSTMI, GSTTI, and GSTP1 conjugate
reactive electrophilic by-products for safe elimination (Rinnerthaler et al., 2015; Kammeyer and
Luiten, 2015; Sun et al., 2021).

Methods. Peer-reviewed literature addressing the molecular function of SOD2, GPX1, GSTMI,
GSTTI1,and GSTP1 was examined, with emphasis on the functional consequences of the deletion
polymorphisms in GSTMT and GSTTI, the missense variants GSTPIT rs1695 and SOD2 rs4880, and
the GPXIT rs1050450 variant. Particular attention was given to studies distinguishing wild-type
from risk-associated alleles, to the position each gene occupies within the antioxidant cascade,
and to interventions capable of reinforcing antioxidant capacity where endogenous defense is
genetically constrained (Paludo et al,, 2014; Chen et al,, 2011; Ghelli et al., 2021).

Results. Functional variation across these five genes converges on a single physiological
outcome: a reduced ability to neutralize free radicals before they inflict cumulative molecular
damage. Risk alleles at SOD2 rs4880 and GPXI rs1050450, the variant GSTPIT rs1695 allele, and
homozygous deletion of GSTMT or GSTTI each lower the efficiency of a complementary step in
the detoxification pathway, and their effects are additive when several loci are affected
simultaneously. Within this framework, vitamin C, vitamin E, and alpha-lipoic acid act as directly
radical-scavenging antioxidants, while zinc and manganese serve as essential cofactors of
endogenous antioxidant enzymes, together providing a mechanistic basis for supplementation
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when genetic defense capacity is diminished (Sgrensen et al., 2009; do Nascimento et al., 2020;
Rostan et al., 2002).

Discussion. The evidence indicates that inherited variation in GSTM1, GSTTI, GSTPI, SOD2, and
GPX1 modifies the threshold at which oxidative challenge translates into biologically significant
damage. Because these genes operate at sequential and complementary stages of antioxidant
defense, their combined status is more informative than any single variant considered in
isolation. Where this capacity is genetically reduced, increased intake of radical-scavenging
antioxidants and of the mineral cofactors required for endogenous antioxidant enzymes
provides a mechanism-based strategy for restoring redox balance and Ilimiting the
accumulation of oxidative damage (Rinnerthaler et al.,, 2015; Marreiro et al., 2017; Treiber et al,,
2012).

Subjects: Genetics, Oxidative Stress. Keywords: Genetics, Polymorphism, Free Radicals, Oxidative Stress,
Antioxidants.

INTRODUCTION

A continuous by-product of aerobic metabolism is the generation of free radicals. Approximately five
percent of the oxygen taken up by cells is converted into superoxide and related reactive oxygen
species, aggressive molecules that react indiscriminately with surrounding structures. Although
essential at low concentrations for signaling and host defense, these species become harmful when
they accumulate, attacking DNA, proteins, membrane lipids, and other cellular components. The
resulting injury accumulates over time and is recognized as one of the principal drivers of biological
aging and of numerous age-associated pathologies (Rinnerthaler et al., 2015; Kammmeyer and Luiten,
2015; Poljsak et al., 2012).

Because free radicals are so damaging, cells are equipped with an inducible network of protective
genes whose function is to recognize and neutralize these species before injury occurs. This network
operates in a stepwise manner. Superoxide produced within mitochondria is first converted by
Mmanganese superoxide dismutase, encoded by SOD2, into hydrogen peroxide. This intermediate is
then reduced to water by glutathione peroxidase 1, encoded by GPXI. In parallel, the glutathione S-
transferases GSTMI, GSTT1, and GSTP1 conjugate reduced glutathione to reactive electrophilic by-
products, including oxidized lipid derivatives, so that they can be safely eliminated. When one or
more of these components functions less efficiently, reactive intermediates persist and the burden
of oxidative damage rises (Sun et al., 2021; CGhelli et al., 2021; Treiber et al., 2012).

Common inherited variation affects each of these genes. The activity of GSTMTand GSTT] is frequently
abolished by homozygous gene deletion, while GSTPT rs1695 and SOD?2 rs4880 are missense variants
that alter enzyme behavior, and GPXT rs1050450 modifies the efficiency of peroxide detoxification.
Accordingly, this review examines the physiological role of each gene, the functional consequences
of distinguishing wild-type from risk-associated alleles, and the antioxidant compounds and mineral
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cofactors that can reinforce defense where inherited capacity is reduced (Chen et al., 2011; Sutton et
al,, 2003; do Nascimento et al,, 2020).

THE ANTIOXIDANT DEFENSE NETWORK AGAINST FREE RADICALS

The neutralization of free radicals can be understood as a coordinated biochemical cascade in which
several enzymes act in sequence. Mitochondrial respiration continuously produces superoxide, the
first reactive intermediate in this chain. Manganese superoxide dismutase converts superoxide into
hydrogen peroxide, which glutathione peroxidase 1 subsequently reduces to harmless water.
Glutathione S-transferases operate alongside this axis, neutralizing electrophilic compounds such as
the reactive products of lipid peroxidation. The efficiency of the overall system therefore depends on
the combined performance of all of its components: a limitation at any single step allows reactive
intermediates to escape and propagate damage to neighboring molecules (Rinnerthaler et al., 2015;
Treiber et al., 2012; Sun et al., 2021).

This network is of broad physiological relevance because cells throughout the body are constantly
exposed to free-radical-generating stimuli, including normal metabolism, ultraviolet radiation,
tobacco smoke, and environmental pollution. When defense is adequate, the majority of free radicals
are neutralized before they cause harm. When defense is impaired, reactive species accumulate,
accelerate the deterioration of cellular structures, and contribute to processes underlying premature
aging and to elevated susceptibility to a range of chronic conditions. Inherited differences in
antioxidant gene function thus help determine the threshold at which cumulative oxidative damage
becomes biologically significant (Kammeyer and Luiten, 2015; Poljsak et al., 2012; Rinnerthaler et al,,
2015).

GLUTATHIONE-DEPENDENT DETOXIFICATION: GSTM1 AND GSTT1 DELETION
VARIANTS

GSTM1 and GSTT1 encode cytosolic glutathione S-transferases that catalyze the conjugation of
reduced glutathione to reactive electrophilic compounds. This reaction is a central component of
phase |l detoxification, enabling the neutralization and elimination of harmful intermediates that
arise both from endogenous oxidative processes and from external exposures. Among the by-
products handled by these enzymes are reactive derivatives of lipid peroxidation, which would
otherwise damage structural proteins, membranes, and redox-sensitive signaling pathways
(Rinnerthaler et al., 2015; Ghelli et al., 2021; Sun et al., 2021).

For both genes, the functionally relevant variation is structural rather than a single nucleotide
change. The common risk genotype is a homozygous deletion of the gene, in which both copies are
absent and no enzyme is produced. In this null state, the corresponding branch of glutathione-
dependent detoxification is effectively lost, in contrast to the functional, non-deleted genotype that
confers full enzymatic capacity. Studies of environmental and occupational exposure have linked the
null genotypes to higher levels of oxidative-stress markers and to greater susceptibility to free-
radical-mediated damage, supporting their interpretation as risk states for diminished antioxidant
defense (Ghelli et al,, 2021; Tahir et al,, 2021; Sun et al., 2021).
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The direct physiological consequence of GSTMT or GSTT1 deletion is a reduced reserve capacity to
clear reactive by-products of oxidative stress. Under sustained exposure to ultraviolet radiation,
tobacco smoke, or air pollution, this lower detoxification capacity favors the accumulation of
molecular damage over time. Because the two genes act on overlapping but distinct substrates, the
simultaneous absence of both further compounds the loss of protection, an effect repeatedly
observed in studies of combined null genotypes (Wenzlaff et al., 2004; Ercegovac et al., 2015; Sobha
and Kesavarao, 2022).

GSTP1 (RS1695) AND GLUTATHIONE-DEPENDENT SUSCEPTIBILITY TO FREE
RADICALS

GSTP1encodes glutathione S-transferase pi, an additional enzyme within the glutathione-dependent
detoxification system. In contrast to GSTMT and GSTTI, where structural deletion is the dominant
functional event, the widely studied rs1695 polymorphism is a missense variant that substitutes a
single amino acid in the encoded protein. This substitution alters the catalytic behavior and substrate
handling of the enzyme rather than abolishing its expression (Miller et al., 2006; Kellen et al., 2007).

This distinction is important for interpretation. The wild-type allele encodes the higher-activity form
of the enzyme, whereas the variant allele is associated with reduced enzymatic activity and altered
detoxification of electrophilic substrates. Association and functional studies have linked the variant
genotype to higher levels of oxidative by-products and to greater susceptibility under conditions of
oxidative challenge, consistent with a graded loss of protective capacity rather than its complete
elimination (Stucker et al., 2002; do Nascimento et al., 2020).

In physiological terms, reduced GSTPI-mediated detoxification impairs the neutralization of
electrophilic oxidative by-products generated during repeated environmental stress. Over prolonged
periods of exposure, even modest differences in detoxification efficiency contribute to cumulative
molecular damage, establishing GSTP] as a relevant modifier of susceptibility to free-radical-
mediated injury (Miller et al., 2006; Sobha and Kesavarao, 2022; Rinnerthaler et al., 2015).

MITOCHONDRIAL SUPEROXIDE DETOXIFICATION AND THE SOD2 (RS4880)
VARIANT

SOD2 encodes manganese superoxide dismutase, the principal mitochondrial enzyme responsible
for converting the superoxide anion into hydrogen peroxide. Because mitochondria are a major
endogenous source of free radicals, SOD2 occupies an upstream position in the antioxidant
hierarchy, providing the first enzymatic barrier against superoxide accumulation. Impaired
performance at this step allows reactive species to persist and propagate before downstream
enzymes can act (Treiber et al., 2012; Rinnerthaler et al., 2015).

The rs4880 polymorphism is a functionally important missense variant located in the mitochondrial
targeting sequence of the enzyme. The wild-type allele supports efficient import of the enzyme into
the mitochondrion, whereas the variant allele is associated with less efficient mitochondrial import
and altered enzyme performance. Functional studies have demonstrated allele-dependent
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differences in mitochondrial import, in transcript stability, and in the production of intracellular
reactive species, establishing rs4880 as a functional modifier of superoxide handling rather than a
neutral marker (Sutton et al., 2003; Paludo et al., 2014; Barbisan et al., 2014).

A less favorable SOD2 genotype lowers the threshold at which mitochondrial oxidative burden
accumulates during metabolic or environmental stress. The variant allele has been associated with
measurable differences in oxidative-stress biomarkers and with susceptibility to a range of age-
associated conditions, consistent with its position at the apex of the mitochondrial antioxidant
cascade. These observations support the interpretation that SOD2 genotype contributes to
interindividual variability in resilience to free-radical-mediated damage (Nomiyama et al, 2003;
Ascencio-Montiel et al., 2013; Becer and Cirakogdlu, 2015).

GLUTATHIONE PEROXIDASE ACTIVITY AND THE GPX1 (RS1050450) VARIANT

GPX1 encodes glutathione peroxidase 1, an antioxidant enzyme that reduces hydrogen peroxide and
lipid hydroperoxides using glutathione as a substrate. Within the antioxidant cascade, this enzyme
functions directly downstream of manganese superoxide dismutase: once superoxide has been
converted into hydrogen peroxide by SOD2, glutathione peroxidase 1 limits the persistence of
peroxides that would otherwise propagate oxidative injury. The two genes therefore act in sequence,
and the efficiency of one is biologically linked to the efficiency of the other (Rinnerthaler et al.,, 2015;
Sun et al,, 2021).

The rs1050450 polymorphism is a missense variant in which the wild-type allele encodes the more
efficient form of the enzyme, while the variant allele is associated with reduced enzyme activity and
diminished peroxide-detoxifying capacity. Because glutathione peroxidase 1 occupies a central
position in peroxide metabolism, this variation influences the efficiency with which a major class of
oxidative intermediates is neutralized. The variant allele has been linked to altered oxidative-stress
regulation and to increased biological susceptibility across diverse settings (Chen et al,, 2011; Cao et
al,, 2013; Men et al,, 2013).

In physiological terms, reduced glutathione peroxidase 1 efficiency permits greater accumulation of
hydrogen peroxide and lipid hydroperoxides, contributing to membrane damage, oxidative
modification of proteins, and amplified oxidative signaling. Because this gene acts in sequence with
SOD2, the biological significance of GPXT variation is magnified when both loci carry risk alleles, and
the variant has additionally been associated with oxidative-stress-related outcomes in metabolic and
longevity studies (Sgrensen et al., 2009; Liu et al., 2018; McKeever et al., 2020).

MECHANISM-BASED ANTIOXIDANT AND MICRONUTRIENT INTERVENTIONS

Where inherited antioxidant capacity is reduced, intervention should aim to strengthen the
neutralization of free radicals and to support the cofactor-dependent pathways on which
endogenous antioxidant enzymes rely. This rationale is most compelling when variation across SOD2,
GPX1, GSTMI, GSTTI, and GSTPI1 is considered together, since functional limitations at multiple steps
cumulatively compromise resilience to oxidative challenge. Two complementary classes of
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compound are relevant: directly radical-scavenging antioxidants, which neutralize reactive species
themselves, and mineral cofactors, which are required for the function of endogenous protective
enzymes (Rinnerthaler et al.,, 2015; Treiber et al., 2012; Marreiro et al., 2017).

Vitamin C

Vitamin C is a potent water-soluble antioxidant that directly neutralizes free radicals and is therefore
a primary supportive compound where endogenous defense is diminished. It additionally
participates in redox recycling by regenerating other antioxidants, extending its protective effect
within the cellular antioxidant network. Because it can be absorbed both through the diet and, when
appropriately formulated, through topical application, vitamin C is well suited to settings
characterized by persistent oxidative challenge (Al-Niaimi and Chiang, 2017; Eberlein-Kénig and Ring,
2005).

Vitamin E

Vitamin E is a fat-soluble antioxidant that acts predominantly within lipid-rich compartments, where
it limits membrane-associated oxidative injury and lipid peroxidation. Its relevance is reinforced by
its functional cooperation with vitamin C, which regenerates oxidized vitamin E and thereby sustains
antioxidant balance. This lipid-phase activity makes vitamin E particularly pertinent to the protection
of cell membranes, which are vulnerable targets of free-radical-mediated damage (Eberlein-Kdnig
and Ring, 2005; Thiele et al., 2005).

Alpha-Lipoic Acid

Alpha-lipoic acid is a mechanistically central adjunct owing to its broad redox-regenerative
properties and its capacity to interact with multiple antioxidant systems. It scavenges free radicals
directly, supports the regeneration of other antioxidants such as vitamins C and E, and can be
absorbed both through the diet and through topical routes. Experimental and clinical findings
indicate that it reduces oxidative burden in tissues subject to sustained free-radical exposure,
establishing it as a primary adjunct where endogenous antioxidant defense is genetically
constrained (Packer et al,, 1995; Beitner, 2003).

Zinc and Manganese

Zinc and manganese are essential mineral cofactors of endogenous antioxidant enzymes rather than
direct radical scavengers. Manganese is the catalytic cofactor of manganese superoxide dismutase,
the enzyme encoded by SOD2, and adequate availability is therefore essential for mitochondrial
superoxide handling. Zinc contributes to several enzymatic antioxidant systems and to the broader
regulation of redox homeostasis. Because neither mineral is absorbed through the skin, both must
be obtained through diet or supplementation, and their sufficiency is particularly important where
antioxidant capacity is reduced at the enzymatic level (Treiber et al., 2012; Marreiro et al,, 2017; Rostan
et al, 2002).
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TABLE 1— SELECTED STUDIES INVESTIGATING FREE-RADICAL-RELATED POLYMORPHISMS
IN ANTIOXIDANT DEFENSE GENES

STUDY (AUTHOR, DESIGN - POPULATION - SNP PRIMARY OUTCOME / KEY FINDINGS
YEAR)

Sutton et al,,
2003

Paludo et al,,
2014

Becer and
Cirakoglu, 2015

Chen et al., 2011

Sgrensen et al.,
2009

Design: Functional in vitro
mitochondrial import study.

Population: Rat liver mitochondrial
import model.

SNP: SODZ2 rs4880.

Design: Functional cellular study.

Population: Peripheral blood
mononuclear cells with and without
lipopolysaccharide stimulation.

SNP: SODZ2 rs4880.

Design: Case-control genetic
association study.

Population: Obese and non-obese
adult participants.

SNP: SOD2 rs4880.

Design: Meta-analysis.

Population: Pooled human
association studies.

SNP: GPX1 rs1050450.

Design: Genetic association study.

Population: Oldest-old human
cohort.

SNP: SOD2 rs4880; GPX1 rs1050450.

Demonstrated that the
mitochondrial targeting-sequence
variant modulates the import
efficiency of manganese superoxide
dismutase, establishing a functional
basis for altered superoxide
detoxification.

Reported allele-dependent
differences in intracellular reactive-
species production, supporting a
functional role for the variant in
oxidative-stress regulation.

Found that the variant genotype
was associated with higher
oxidative-stress biomarkers and
lower superoxide dismutase activity,
consistent with reduced
mitochondrial antioxidant capacity.

Supported a functional contribution
of the variant allele to biological
susceptibility, consistent with
reduced peroxide-detoxifying
capacity.

Linked both variants to aging and
longevity phenotypes, with a
synergistic effect when risk alleles
co-occurred, underscoring their
combined relevance to oxidative
biology.
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STUDY (AUTHOR, DESIGN - POPULATION - SNP PRIMARY OUTCOME / KEY FINDINGS
YEAR)

Liu et al., 2018

do Nascimento
et al., 2020

Miller et al., 2006

Ghelli et al., 2021

Design: Case—-control genetic
association study.

Population: Han Chinese adults with
and without type 2 diabetes.

SNP: GPX1 rs1050450.

Design: Longitudinal molecular
marker study.

Population: Stored human red-
blood-cell units from healthy
donors.

SNP: GSTPT rs1695; SODZ rs4880.

Design: Case-control genotype-—
phenotype study.

Population: Adults of Caucasian
descent.

SNP: GSTPT rs1695.

Design: Occupational biomonitoring
study.

Population: Hospital workers with
differing formaldehyde exposure.

SNP: GSTMI (null); GSTTI (null).

Associated the variant with
increased risk of vascular
complications, indicating an
influence of reduced peroxide
detoxification on oxidative-stress-
related outcomes.

Identified both variants as correlates
of elevated lipid-peroxidation
markers, with stronger effects for
homozygous risk genotypes,
supporting their relevance to
oxidative susceptibility.

Reported that the variant genotype,
associated with lower enzymatic
activity and higher DNA-adduct
levels, conferred increased
susceptibility, supporting a
functional effect on detoxification.

Found that null genotypes were
associated with higher oxidative-
stress and lipid-peroxidation
markers under exposure, supporting
reduced detoxification capacity in
the deleted state.
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CONCLUSION

A coherent, well-supported role for GSTMI, GSTTI, GSTPI1, SOD2, and GPXI in the regulation of
antioxidant defense against free radicals is firmly established. These genes occupy complementary
positions within redox homeostasis, spanning mitochondrial superoxide conversion, peroxide
neutralization, and glutathione-dependent detoxification of electrophilic by-products. Functional
variation across this network influences the threshold at which oxidative challenge translates into
cumulative molecular damage, and consequently into the accelerated cellular deterioration that
underlies biological aging and a range of age-associated conditions (Rinnerthaler et al, 2015;
Kammeyer and Luiten, 2015; Treiber et al., 2012).

The significance of these loci lies not only in their individual effects but also in their combined
contribution to overall antioxidant resilience. When risk alleles or null genotypes affect several
components of the system simultaneously, the cumulative reduction in defense capacity is more
informative than the interpretation of any single variant in isolation. This network-based perspective
is particularly relevant because cells throughout the body are continuously exposed to free-radical-
generating stimuli fromm metabolism and the environment, imposing repeated demands on
mitochondrial and glutathione-mediated defense. Inherited differences in these pathways therefore
help explain interindividual variability in susceptibility to oxidative damage (Sgrensen et al., 2009; Sun
et al,, 2021; do Nascimento et al., 2020).

From a translational perspective, these findings establish a clear rationale for antioxidant- and
micronutrient-based strategies where defense capacity is genetically reduced. Directly radical-
scavenging antioxidants, namely vitamin C, vitamin E, and alpha-lipoic acid, neutralize reactive
species and support one another through redox recycling, while the mineral cofactors zinc and
manganese sustain the endogenous antioxidant enzymes themselves. Rather than implying a fixed
outcome, variation in these genes constitutes biologically meaningful information that strengthens
the rationale for targeted supportive interventions aimed at preserving redox balance and limiting
the accumulation of oxidative damage (Al-Niaimi and Chiang, 2017; Marreiro et al., 2017; Rostan et al,,
2002).



novocenia

REFERENCES

Rinnerthaler M, Bischof J, Streubel MK, Trost A, Richter K. Oxidative stress in aging human skin.
Biomolecules. 2015;5(2):545-89.

Kammeyer A, Luiten RM. Oxidation events and skin aging. Ageing Res Rev. 2015;21:16-29.

Treiber N, Maity P, Singh K, Ferchiu F, Wlaschek M, Scharffetter-Kochanek K. The role of manganese
superoxide dismutase in skin aging. Dermatoendocrinol. 2012;4(3):232-5.

Poljsak B, Dahmane RG, Godic¢ A. Intrinsic skin aging: the role of oxidative stress. Acta Dermatovenerol Alp
Pannonica Adriat. 2012;21(2):33-6.

Sun B, Song J, Wang v, Jiang J, An Z, Li J, et al. Associations of short-term PM2.5 exposures with nasal
oxidative stress, inflammation and lung function impairment and modification by GSTTI-null genotype.
Environ Pollut. 2021;285:117215.

Ghelli F, Bellisario V, Squillacioti G, Panizzolo M, Santovito A, Bono R. Formaldehyde in hospitals induces
oxidative stress: the role of GSTTT and GSTMI polymorphisms. Toxics. 2021;9(8):178.

Tahir M, Rehman MYA, Malik RN. Heavy metal-associated oxidative stress and glutathione S-transferase
polymorphisms among E-waste workers in Pakistan. Environ Geochem Health. 2021;43(11):4441-58.

Wenzlaff AS, Cote ML, Bock CH, Land SJ, Schwartz AG. GSTMI, GSTT] and GSTPI1 polymorphisms,
environmental tobacco smoke exposure and risk of lung cancer among never smokers: a population-based
study. Carcinogenesis. 2004,26(2):395-401.

Ercegovac M, Jovic N, Sokic D, Savic-Radojevic A, Coric V, Radic T, et al. GSTAI, GSTMI, GSTP1 and GSTTI
polymorphisms in progressive myoclonus epilepsy: a Serbian case-control study. Seizure. 2015;32:30-6.

Sobha SP, Kesavarao KE. Contribution of glutathione-S-transferases polymorphism and risk of coronary
artery diseases: a meta-analysis. Curr Aging Sci. 2022;15(3):282-92.

Miller DP, Asomaning K, Liu G, Wain JC, Lynch TJ, Neuberg D, et al. An association between glutathione S-
transferase P1 gene polymorphism and younger age at onset of lung carcinoma. Cancer. 2006;107(7):1570-
7.

Kellen E, Hemelt M, Broberg K, Golka K, Kristensen VN, Hung R3J, et al. Pooled analysis and meta-analysis of
the glutathione S-transferase P1 llel05Val polymorphism and bladder cancer: a HUGE-GSEC review. Am J
Epidemiol. 2007;165(11):1221-30.

Stucker I, Hirvonen A, de Waziers |, Cabelguenne A, Mitrunen K, Cénée S, et al. Genetic polymorphisms of
glutathione S-transferases as modulators of lung cancer susceptibility. Carcinogenesis. 2002;23(9):1475-81.

do Nascimento MR, Silva de Souza RO, Silva AL, Lima ES, Gongalves MS, de Moura Neto JP. GSTPT rs1695 and
rs1871042, and SOD?2 rs4880 as molecular markers of lipid peroxidation in blood storage. Blood Transfus.
2020;19(4):309-16.

Sutton A, Khoury H, Prip-Buus C, Cepanec C, Pessayre D, Degoul F. The AlaleVal genetic dimorphism
modulates the import of human manganese superoxide dismutase into rat liver mitochondria in vitro.
Pharmacogenetics. 2003;13(3):145-57.

Paludo FJO, Bristot 13, Alho CS, Gelain DP, Moreira JCF. Effects of 47C allele (rs4880) of the SOD2 gene in the
production of intracellular reactive species in peripheral blood mononuclear cells with and without
lipopolysaccharides induction. Free Radic Res. 2014,48(2):190-9.

Barbisan F, Motta JR, Trott A, Azzolin V, Dornelles EB, Marcon M, et al. Methotrexate-related response on
human peripheral blood mononuclear cells may be modulated by the AlaleVal-SOD2 gene polymorphism.
PLoS One. 2014;9(10):€107299.

Nomiyama T, Tanaka VY, Piao L, Nagasaka K, Sakai K, Ogihara T, et al. The polymorphism of manganese
superoxide dismutase is associated with diabetic nephropathy in Japanese type 2 diabetic patients.J Hum
Genet. 2003;48(3):138-41.



novocenia

Ascencio-Montiel 13, Parra EJ, Valladares-Salgado A, Gémez-Zamudio JH, Kumate-Rodriguez J, Escobedo-
de-la-Pefa J, et al. SOD2 gene ValleAla polymorphism is associated with macroalbuminuria in Mexican type
2 diabetes patients: a comparative study and meta-analysis. BMC Med Genet. 2013;14:110.

Becer E, Cirakoglu A. Association of the AlaleVal MnSOD gene polymorphism with plasma leptin levels and
oxidative stress biomarkers in obese patients. Gene. 2015;568(1):35-9.

Sgrensen M, Christensen K, Stevnsner TV, Christiansen L. The Mn-superoxide dismutase single nucleotide
polymorphism rs4880 and the glutathione peroxidase 1 single nucleotide polymorphism rs1050450 are
associated with aging and longevity in the oldest old. Mech Ageing Dev. 2009;130(5):308-14.

Chen J, Cao Q, Qin C, Shao P, Wu Y, Wang M, et al. GPx-1 polymorphism (rs1050450) contributes to tumor
susceptibility: evidence from meta-analysis. J Cancer Res Clin Oncol. 2011;137(10):1553-61.

Cao M, Mu X, Jiang C, Yang G, Chen H, Xue W. Single-nucleotide polymorphisms of GPXT and MnSOD and
susceptibility to bladder cancer: a systematic review and meta-analysis. Tumour Biol. 2013;35(1):759-64.
Men T, Zhang X, Yang J, Shen B, Li X, Chen D, et al. The rs1050450 C>T polymorphism of GPXT is associated
with the risk of bladder but not prostate cancer: evidence from a meta-analysis. Tumour Biol. 2013;35(1):269-
75.

Liu D, Liu L, Hu Z,Song Z, Wang VY, Chen Z. Evaluation of the oxidative stress-related genes ALOX5, ALOX5AP,
GPXI, GPX3 and MPO for contribution to the risk of type 2 diabetes mellitus in the Han Chinese population.
Diab Vasc Dis Res. 2018;15(4):336-9.

McKeever L, Peterson SJ, Lateef O, Freels S, Diamond AM, Braunschweig CA. Impact of MNSOD and GPxI
genotype at different levels of enteral nutrition exposure on oxidative stress and mortality: a post hoc
analysis from the FeDOx trial. JPEN J Parenter Enteral Nutr. 2020;45(2):287-94.

Al-Niaimi F, Chiang NYZ. Topical vitamin C and the skin: mechanisms of action and clinical applications. J
Clin Aesthet Dermatol. 2017;10(7):14-17.

Eberlein-Konig B, Ring J. Relevance of vitamins C and E in cutaneous photoprotection. J Cosmet Dermatol.
2005;4(1):4-9.

Thiele 33, Hsieh SN, Ekanayake-Mudiyanselage S. Vitamin E: critical review of its current use in cosmetic and
clinical dermatology. Dermatol Surg. 2005;31(7 Pt 2):805-13.

Packer L, Witt EH, Tritschler HJ. Alpha-lipoic acid as a biological antioxidant. Free Radic Biol Med.
1995:19(2):227-50.

Beitner H. Randomized, placebo-controlled, double blind study on the clinical efficacy of a cream containing
5% alpha-lipoic acid related to photoageing of facial skin. Br J Dermatol. 2003;149(4):841-9.

Rostan EF, DeBuys HV, Madey DL, Pinnell SR. Evidence supporting zinc as an important antioxidant for skin.
Int J Dermatol. 2002;41(9):606-11.

Marreiro DDN, Cruz KJC, Morais JBS, Beserra JB, Severo JS, de Oliveira ARS. Zinc and oxidative stress: current
mechanisms. Antioxidants (Basel). 2017;6(2):24.



