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Abstract

Objectives: In this study, it was aimed to evaluate how thiol/disulfide homeostasis is affected in Helicobacter pylori posi-
tive and negative gastritis and the efficiency of thiol/disulfide levels in the diagnosis of chronic gastritis.

Methods: Seventy patients with chronic gastritis (30 H. pylori negative and 40 H. pylori positive) and 20 healthy volun-
teers were enrolled in the study. An upper gastrointestinal endoscopy procedure was performed on all patients. Native
and total thiol were measured using a novel automatic and spectrophotometric method developed by Erel and Nese-
lioglu. The differences between the groups and the diagnostic efficiency of the parameters were evaluated statistically.
Results: Native thiol levels decreased in the chronic gastritis group compared with the control group, whereas disulfide
levels increased only in the H. pylori positive gastritis group compared with the control group. No statistically signifi-
cant difference was found between the groups in terms of total thiol levels. According to the ROC analysis, the highest
diagnostic efficiency in distinguishing the chronic gastritis group from the control group was calculated for native thiol
with a 0.953 area under the curve value, 95% sensitivity, and 90% specificity.

Conclusion: It was shown that the thiol/disulfide balance was impaired in patients with chronic gastritis compared
with healthy controls, and these results were interpreted as increased oxidative stress in patients with chronic gastritis.
It was determined that serum native thiol levels have high diagnostic efficiency in the diagnosis of gastritis, and it can

be a potential biomarker candidate for chronic gastritis.
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elicobacter pylori is a gram-negative, flagellated, mi-
Hcroaerophilic bacterium.The bacteriumis found in the gas-
tricmucosa, and it is claimed that half of the world’s population
can be infected with H. pylori. The bacterium can colonize the
stomach and cause gastritis, peptic ulcer, gastric carcinoma,
and gastric lymphoma [1]. The presence of H. pylori results in
the generation of reactive oxygen species (ROS) and reactive
nitrogen species (RNS) in the gastric mucosa. Although many
cells, including epithelial cells, contribute to the production
of ROS and RNS, a large amount of ROS and RNS are mainly
produced in neutrophils. ROS production is catalyzed by the
enzyme nicotinamide adenine dinucleotide phosphate oxi-
dase (NADPH oxidase, Nox) located in the cell membrane. RNS
production is catalyzed by the inducible nitric oxide synthase

(INOS) enzyme. These ROS and RNS cause oxidative damage,
including DNA damage in cells [2, 3]. In conclusion, ROS and
RNS produced in the stomach in the presence of H. pylori can
cause damage to gastric cells, leading to a process that starts
with gastritis and continues up to gastric cancer.

Thiol groups of proteins in cells contain a sulfhydryl (-SH)
group and protect the cell against oxidative damage. As a re-
sult of the reaction of thiols with oxidants (ROS, RNS), disul-
fide bonds are formed, and the harmful effects of ROS and
RNS molecules are prevented. Thiol levels increase again as
disulfide bonds are reduced to thiol groups. Thanks to these
mutual reactions, thiol/disulfide balance continues at a cer-
tain level. Oxidant agents produced in larger amounts than
normal physiological processes cause a decrease in thiol lev-
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els and an increase in disulfide levels. The deterioration of
thiol/disulfide balance in favor of disulfide is interpreted as
an increase in oxidative stress [4, 5].

This study aimed to determine whether the serum levels of
thiol and disulfide are different in patients with H. pylori posi-
tive and negative gastritis compared with healthy controls. Fur-
thermore, the study aimed to evaluate the efficiency of these
parameters in the diagnosis of gastritis and oxidative stress.

Materials and Methods

Study groups

A total of 90 participants, including 20 healthy individuals and
70 patients with chronic gastritis, were included in the study.
According to the results of the gastric biopsy, two groups were
formed: Gastritis HP(+) (gastritis patients with positive H. py-
lori, n=40) and Gastritis HP(-) (gastritis patients with negative
H. pylori, n=30). The control group (n=20) consisted of appar-
ently healthy individuals who had no symptoms of gastritis,
had no signs of inflammation in laboratory tests, and were
compatible with the other groups in terms of age and gender.
Patients diagnosed with diseases that may cause oxidative
stress such as diabetes mellitus, hypertension, peptic ulcer,
cancer, autoimmune diseases (systemic lupus erythematosus,
rheumatoid arthritis, and ankylosing spondylitis), and sys-
temic infection (high CRP or sedimentation and leukocytosis)
were not included in the study. Those who were under proton
pump inhibitor or H, receptor blocker medication within one
week prior to the study were excluded.

Written consent was obtained from the participants. The
ethical approval was obtained from the Ethics Committee
of KTO Karatay University, Faculty of Medicine, Turkiye (No.:
2020/024).

Sample collection

Venous blood was taken from patients who applied to Kulu
State Hospital General Surgery Clinic with symptoms of gas-
tritis in gel tubes (BD, 8 mL) without anticoagulant before
diagnostic endoscopy. The blood collected was kept at room
temperature for 30 min until the coagulation was completed,
and serum was obtained by centrifugation at 1500xg for 10
min. The serum was aliquoted and stored at -20°C until the
working day.

An upper gastrointestinal endoscopy procedure was per-
formed on the patients, and biopsy samples were obtained.
The presence of H. pylori in biopsy specimens was determined
by pathological examination.

Measured native thiol, total thiol, and disulfide levels

An automated spectrophotometric method developed by Erel
and Neselioglu [6], which is available commercially (Rel Assay
Diagnostics, Turkiye), was used for the measurement of native
thiol and total thiol. To determine the native thiol and total

thiol levels, disulfide bonds were reduced to thiol groups us-
ing sodium borohydride (NaBH,) first. The unused NaBH, was
removed with formaldehyde. Native and total thiol levels were
measured after reaction with 5,5 -dithiobis(2-nitrobenzoic)
acid. Modified Ellman reagent was used to measure the total
thiol contentin the samples.To calculate the disulfide level, the
result obtained by subtracting the native thiol from the total
thiol was divided by 2. After determining the native thiol, total
thiol, and disulfide values, native thiol/total thiol, disulfide/to-
tal thiol, and disulfide/native thiol ratios were calculated.

Statistical analysis

PASW statistics program was used for statistical analysis (Pre-
dictive Analytics Software, Version 18.0. Chicago: SPSS, Inc.).
The data were evaluated using visual (histograms) and statis-
tical methods (the Shapiro-Wilk test) to determine whether
they were normally distributed. It was observed that all pa-
rameters conformed to normal distribution. Descriptive analy-
ses were expressed as mean+SD. An ANOVA test was used to
determine the differences between the groups. Tukey test
was used for post hoc analysis. ROC analysis was performed to
calculate the diagnostic performance of the parameters. The
determination of the most appropriate cutoff value was made
using Youden'’s index. A value of p<0.05 was considered statis-
tically significant.

Results

A total of 90 participants, 38 men and 52 women, were in-
cluded in the study. The mean ages of Gastritis HP(-), Gastritis
HP(+), and the healthy control group were calculated as 43.73,
45.22, and 38.15 years, respectively. There was no significant
difference in age between the groups (p=0.125). The labora-
tory results of the groups are presented in Table 1.

Serum native thiol and disulfide levels were different between
the groups. In the post hoc analysis, it was determined that
serum native thiol levels were significantly lower in Gastritis
HP(-) and Gastritis HP(+) compared with the control group
(p<0.001 and p<0.001, respectively). Although native thiol
levels were lower in Gastritis HP(+) compared with Gastritis
HP(-), the difference was not statistically significant (p=0.697).
Serum disulfide levels in Gastritis HP(+) were significantly
higher than in the control group (p=0.010). There was no sig-
nificant difference between the other groups in terms of disul-
fide levels (p>0.05). Figure 1 shows the distribution of thiol/
disulfide parameters in the study groups.

Native thiol/total thiol ratio was found to be lower in both
Gastritis HP(-) and Gastritis HP(+) groups compared with the
control group. Disulfide/native thiol and disulfide/total thiol
ratios were found to be higher in both Gastritis HP(-) and
Gastritis HP(+) groups compared with the control group. No
significant difference was found between Gastritis HP(-) and
Gastritis HP(+) groups. Statistical data on post hoc analysis be-
tween groups are presented in Table 2.



154

Int J Med Biochem

Table 1. Levels of serum thiol/disulfide parameters in the groups

Variables Control group Gastritis (HP-) Gastritis (HP+) p

Native thiol(umol/L) (mean £SD) 162 (+£29.62) 100 (+34.07) 94 (+£28.24) 0.000
Total thiol(umol/L) (mean +SD) 244 (+40.83) 211 (£59.18) 222 (+59.53) 0.132
Disulfide (umol/L) (mean +SD) 41 (x£20.35) 56 (+28.29) 64 (+31.58) 0.015
Native thiol/Total thiol (% +SD) 67 (£11.66) 49 (£15.09) 44 (£15.30) 0.000
Disulfide/native thiol (% +SD) 27 (£14.74) 68 (£60.92) 79 (£58.56) 0.002
Disulfide/total thiol (% +SD) 16 (£5.83) 25 (£7.55) 28 (£7.65) 0.000

P values were obtained by Oneway ANOVA test. n: number of person; SD: standard deviation.
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Figure 1. Distribution of thiol/disulfide parameters in the study
groups.
Cl: Confidence interval.

ROC analysis was performed to evaluate the diagnostic perfor-
mance of the parameters in the discrimination of the groups.
Accordingly, it was observed that native thiol, disulfide, and
disulfide/native thiol levels have statistically significant diag-
nostic efficiency in the discrimination of Gastritis HP(-) and
Gastritis HP(+) groups from the control group. The area under
the curve (AUQ), sensitivity, and specificity values calculated
by ROC analysis are shown in Table 3.

Native thiol had the highest AUC value in discrimination of
the groups. In the discrimination of gastritis patients from the

Table 2. Post hoc analysis results between the groups

control group, the AUC value was calculated as 0.953 for na-
tive thiol. The sensitivity and specificity of native thiol in the
discrimination of the control group and patients with gastritis
were calculated as 95% and 90%, respectively. While the sensi-
tivity and specificity values of native thiol in the discrimination
of the control group and Gastritis HP(-) were 95% and 87%, re-
spectively, it was determined as 95% and 92%, respectively, in
the discrimination of control group and Gastritis HP(+). The ef-
fectiveness of other parameters in distinguishing the groups
from each other was found to be lower than native thiol. None
of the parameters included in the study had a statistically sig-
nificant AUC value in the differentiation of Gastritis HP(-) and
Gastritis HP(+) groups. ROC curves of the parameters in the
discrimination of the groups are shown in Figure 2.

Discussion

According to our study, while native thiol serum levels decreased
in the Gastritis HP(-) and Gastritis HP(+) groups compared with
the control group, it was determined that disulfide levels in-
creased in Gastritis HP(+) versus the control group. However, it
was observed that none of these parameters were significantly
different between the Gastritis HP(-) and Gastritis HP(+) groups.

There is a close relationship between inflammation and ox-
idative stress. Although ROS and RNS production is in other
cells, it mostly occurs in neutrophils with the stimulation of
proinflammatory cytokines. For example, TNF-a increases ROS
production in neutrophils and other cells, while IL-1-B, inter-
feron-y, and TNF-a increase RNS production in epithelial cells
and inflammatory cells by stimulating the expression of iINOS
[7]. The harmful effects of these oxidant molecules in the cell

Variables

Control® vs
Gastritis(HP-)®

Control® vs
Gastritis(HP+)®

Gastritis(HP-)? vs
Gastritis(HP+)®

Native thiol (mean difference, pmol/L)
Disulfide (mean difference, umol/L)

Native thiol/total thiol (mean difference, %)
Disulfide/native thiol (mean difference, %)
Disulfide/total thiol (mean difference, %)

62.45 (p<0.001)
-14.91 (p=0.169)
18.19 (p<0.001)
-41.38 (p=0.023)
-9.09 (p<0.001)

68.45 (p<0.001)
-23.11 (p=0.010)
23.00 (p<0.001)
-52.59 (p=0.001)
-11.50 (p<0.001)

6.00 (p=0.697)
-8.20 (p=0.458)
4.81 (p=0.360)
-11.22 (p=0.658)
-2.40 (p=0.360)

Mean difference shows the result a-b. P values were obtained from the Tukey test.
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Table 3. Diagnostic efficiency of the parameters in discrimination of the study groups

Groups Variables Native thiol Disulfide Disulfide/native
thiol

Control vs Gastritis(HP-) AUC 0.931 (p<0.001) 0.673 (p=0.039) 0.833 (p<0.001)
Sensitivity, % 95 65 80
Specificity, % 87 70 80

Control vs Gastritis(HP+) AUC 0.969 (p<0.001) 0.747 (p=0.002) 0.886 (p<0.001)
Sensitivity, % 95 65 85
Specificity, % 92 77 84

Control vs Gastritis(HP-)+(HP+) AUC 0.953 (p<0.001) 0.716 (p=0.003) 0.864 (p<0.001)
Sensitivity, % 95 65 85
Specificity, % 90 74 79

AUC: Area under the curve.

are neutralized by antioxidant molecules. These antioxidants
include glutathione and thioredoxin. Reduced glutathione
(GSH), catalyzed by the glutathione peroxidase enzyme, re-
acts with lipid peroxides or H,0O,, eliminating their harmful ef-
fects, and transforms into disulfide form (GSSG). This oxidized
glutathione is converted back into reduced glutathione by
the glutathione reductase enzyme in the presence of NADPH.
Similarly, reduced thioredoxin reacts with disulfides (-SS)
in oxidized proteins to transform them into thiol (-SH) form.
Oxidized thioredoxin is also reduced again by thioredoxin re-
ductase in the presence of NADPH [8]. It is thought that the
balance between these thiol and disulfide groups in proteins
is disrupted in favor of disulfide with excessive ROS and RNS
production due to inflammatory diseases such as chronic gas-
tritis. As a result, all these processes lead to DNA damage and
neoplastic transformation in cells [9]. In our study, the decrease
in native thiol levels in the serum of patients with chronic gas-
tritis shows that chronic inflammation causes oxidative stress
independent of H. pylori. On the other hand, the increase in
disulfide levels only in the Gastritis HP(+) group compared
with the control group suggests that H. pylori makes an ad-
ditional contribution to oxidative stress. Although not statis-
tically significant, the fact that the native thiol levels in the
Gastritis HP(+) group were lower than those in the Gastritis
HP(-) group supports the idea that H. pylori contributes addi-
tionally to oxidative stress (Table 2). Due to the relatively small
number of patients included in our study, we think this finding
should be investigated with a larger number of patients.

Different results were obtained in two studies in which the
control group consisted of patients with gastritis who were H.
pylori negative. In a study by Baykan et al. [10], it was reported
that there was no significant difference between the H. py-
lori positive gastritis group and the control group. In another
study by Erdogdu et al. [11], it was reported that native thiol
and total thiol levels were increased in the H. pylori positive
patient group compared with the H. pylori negative patient
group, while the disulfide levels were not different. Consistent
with the results of our study, Kalkan et al. [12] reported that
the native thiol, total thiol, and native thiol/total thiol ratios

decreased in autoimmune gastritis, while the disulfide levels
increased compared with the healthy control group. In our
study, no statistical difference was found between Gastritis
HP(-) and Gastritis HP(+) groups in terms of native thiol, total
thiol, and disulfide levels, which is consistent with other stud-
ies in the literature. However, native thiol levels were lower in
all chronic gastritis patients compared with the healthy con-
trol group, while disulfide levels were higher only in the Gastri-
tis HP(+) group. Thus, it is seen that thiol groups play an active
role in preventing oxidative damage during chronic gastritis,
and the thiol/disulfide balance is impaired. In addition, H. py-
lori also contributes to the deterioration of this balance.

In studies investigating the thiol/disulfide balance in differ-
ent diseases with chronic inflammation, it was reported that
chronic inflammation disrupted the thiol/disulfide balance
in favor of disulfide, and thus, the oxidative stress increased.
Tuzcu et al. [13] reported that native thiol and total thiol levels
decreased and disulfide levels increased in rheumatoid arthri-
tis, a chronicinflammatory disease, compared with the healthy
control group. Baykara et al. [14] reported that native thiol
levels decreased and disulfide levels increased in the patient
group with ankylosing spondylitis compared with the healthy
control group. In a study by Nar and Calis [15], it was reported
that all three levels of native thiol, total thiol, and disulfide
decreased in the asthmatic group compared with the control
group. Hizal et al. [16] reported that native thiol and total thiol
levels decreased in the newly diagnosed gastric adenocarci-
noma patient group compared with the healthy control, but
the difference in disulfide levels was not significant. According
to the studies mentioned above, it is seen that native thiol lev-
els decreased in diseases with inflammation, while different
results were obtained between the studies at disulfide levels.

In our study, it was observed that native thiol levels have a
very high sensitivity (95%) and specificity (90%) value in dis-
tinguishing the gastritis patient group (H. pylori positive and
negative) from the healthy control group (Table 3). Only a few
studies are available in the literature on the diagnostic effi-
ciency of thiol/disulfide levels in various diseases. In a study
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by Elmas et al. [17], it was reported that the sensitivity of disul-
fide/native thiol and disulfide/total thiol serum levels in the
diagnosis of acute appendicitis in children was 86% and their
specificity was 91%. Sener et al. [18] reported that the AUC
value of native thiol in the diagnosis of community-acquired
pneumonia was 0.895, with a sensitivity of 84% and a speci-
ficity of 85%. Kalem et al. [19] reported that the AUC value
of native thiol in the diagnosis of COVID-19 was 0.962, with
97% sensitivity and 83% specificity. Considering the results of
these studies in the literature and the results of our study, it
is thought that thiol/disulfide homeostasis, especially native
thiol, may be an important biomarker of inflammation.

The most important limitation of our study is the relatively
small number of participants. The results we obtained need to
be verified with a large number of participants. Another lim-
itation is that we could not follow the patients. Determining
the thiol/disulfide levels of patients diagnosed with chronic
gastritis after treatment will provide clear information on
whether these markers can be used in treatment follow-up.

Conclusion

In this study, it was shown that thiol disulfide homeostasis
was impaired in patients with chronic gastritis compared
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with healthy controls, and oxidative stress increased during
chronic gastritis. Moreover, it was shown that the presence
of H. pylori causes disulfide levels to increase in patients with
gastritis, further deteriorating the thiol/disulfide balance.
Also, native thiol serum levels have shown a very high sensi-
tivity and specificity in the diagnosis of chronic gastritis. We
think that thiol/disulfide balance, especially native thiol levels,
may be a biomarker candidate in the diagnosis and treatment
follow-up in inflammatory diseases such as chronic gastritis.
However, more comprehensive studies with a large number
of participants are needed in this field.

Conflict of Interest: The authors declare that there is no conflict
of interest.

Ethics Committee Approval: The study was approved by The
KTO Karatay University Faculty of Medicine Research Ethics
Committee other than Pharmaceutical and Medical Device (No:
2020/024, Date: 24/02/2020).

Financial Disclosure: The authors declared that this study has
received no financial support.

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept - Y.D.; Design - Y.D.; Super-
vision - Y.D,; Funding - Y.D., O.B.; Materials - Y.D., O.B.; Data col-
lection &/or processing - Y.D., O.B.; Analysis and/or interpretation
-Y.D,; Literature search - Y.D.; Writing - Y.D.; Critical review - Y.D.

References

1. Butcher LD, den Hartog G, Ernst PB, Crowe SE. Oxidative
stress resulting from helicobacter pylori infection contributes
to gastric carcinogenesis. Cell Mol Gastroenterol Hepatol
2017;3(3):316-22. [CrossRef]

2. Gobert AP, Wilson KT. Polyamine- and NADPH-dependent
generation of ROS during Helicobacter pylori infection: A
blessing in disguise. Free Radic Biol Med 2017;105:16-27.

3. Kawanishi S, Ohnishi S, Ma N, Hiraku Y, Murata M. Crosstalk be-
tween DNA Damage and Inflammation in the Multiple Steps
of Carcinogenesis. Int J Mol Sci 2017;18(8):1808. [CrossRef]

4. Altiparmak IH, Erkus ME, Sezen H, Demirbag R, Gunebakmaz
O, Kaya Z, et al. The relation of serum thiol levels and thiol/
disulphide homeostasis with the severity of coronary artery
disease. Kardiol Pol 2016;74(11):1346-53. [CrossRef]

5. Ulrich K, Jakob U. The role of thiols in antioxidant systems.
Free Radic Biol Med 2019;140:14-27. [CrossRef]

6. Erel O, Neselioglu S. A novel and automated assay for thiol/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

disulphide homeostasis. Clin Biochem 2014;47(18):326-32.
Federico A, Morgillo F, Tuccillo C, Ciardiello F, Loguercio C.
Chronic inflammation and oxidative stress in human carcino-
genesis. Int J Cancer 2007;121(11):2381-6. [CrossRef]

Mattmiller SA, Carlson BA, Sordillo LM. Regulation of inflam-
mation by selenium and selenoproteins: impact on eicosanoid
biosynthesis. J Nutr Sci 2013;2:28. [CrossRef]

Hardbower DM, de Sablet T, Chaturvedi R, Wilson KT. Chronic
inflammation and oxidative stress: the smoking gun for
Helicobacter pylori-induced gastric cancer?. Gut Microbes
2013;4(6):475-81. [CrossRef]

Baykan AR, Bicer C, Gerceker E, Erel O, Cerrah S, Albayrak B,
et al. Thiol/disulphide homeostasis in Helicobacter pylori in-
fected patients. Eur Res J 2019;5(6):948-56. [CrossRef]

Erdogdu UE, Cayci H, Tardu A, Arslan U, Budak Y, Erel O, et al.
Relationship between Helicobacter pylori and thiol-disulfide
homeostasis: A prospective observational study. Arch Clin Exp
Med 2020;5(2)138—42. [CrossRef]

Kalkan EA, Boz S, Erel O, Neselioglu S, Kalkan C, Soykan Al.
Thiol/disulfide homeostasis and ischemia modified albumin
levels in autoimmune gastritis and their relations with gastric
emptying. Turk J Med Sci 2020;50(1):163-70.

Tuzcu A, Baykara RA, Omma A, Acet GK, Dogan E, Cure MC,
et al. Thiol/Disulfide homeostasis in patients with rheumatoid
arthritis. Rom J Intern Med 2019;57(1):30-6. [CrossRef]

Baykara RA, Tuzcu A, Omma A, Acet GK, Dogan E, Aydin A, et
al. Evaluation of serum thiol/disulfide homeostasis in patients
with ankylosing spondylitis by a novel method. North Clin Is-
tanb 2019;6(4):348-54.

Nar R and Calis AG. Assessment of dynamic thiol/disulfide
homeostasis in patients with asthma. JLab Med 2018;42(3):99-
104. [CrossRef]

Hizal M, Sendur MA, Bilgin B, Akinci MB, Dede DS, Neselioglu
S, et al. Evaluation of dynamic serum thiol/disulfide home-
ostasis in locally advanced and metastatic gastric cancer. J
Oncol Sci 2018;4:1-4. [CrossRef]

Elmas B, YildizT, Yazar H, llce Z, Bal C, Ozbek B, et al. New oxida-
tive stress markers useful in the diagnosis of acute appendici-
tis in children: thiol/disulfide homeostasis and the asymmetric
dimethylarginine level. Pediatr Emerg Care 2020;36(8):362-7.
Sener A, Kurtoglu CG, Ozhasenekler A, Gokhan S, Tanriverdi F,
Kocaoglu S, et al. Evaluation of dynamic thiol/disulfide home-
ostasis in adult patients with community-acquired pneumo-
nia. Hong Kong J Emerg Med 2019;26:343-50.

Kalem AK, Kayaaslan B, Neselioglu S, Eser F, Hasanoglu |, Ay-
pak A, et al. A useful and sensitive marker in the prediction
of COVID-19 and disease severity: Thiol. Free Radic Biol Med
2021;166:11-7. [CrossRef]


https://doi.org/10.1016/j.jcmgh.2017.02.002
https://doi.org/10.1016/j.freeradbiomed.2016.09.024
https://doi.org/10.5603/KP.a2016.0085
https://doi.org/10.1016/j.freeradbiomed.2019.05.035
https://doi.org/10.1002/ijc.23192
https://doi.org/10.1017/jns.2013.17
https://doi.org/10.4161/gmic.25583
https://doi.org/10.18621/eurj.443557
https://doi.org/10.25000/acem.635688
https://doi.org/10.2478/rjim-2018-0025
https://doi.org/10.1515/labmed-2017-0144
https://doi.org/10.1016/j.jons.2018.01.002
https://doi.org/10.1016/j.freeradbiomed.2021.02.009



