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Maintaining redox homeostasis in cells and organs is a con-
tinuously ongoing challenge. The redox balance between
oxidants and reductants is regulated by powerful enzyme
systems in response to endogenous and exogenous signal-
ing processes. The positioning of the redox state is char-
acterized by ongoing oscillations around a steady state
redox set-point. The overall redox set-point, however, is
an umbrella term, also called redox tone, which is under
spatiotemporal control. Considerable redox gradients exist
between subcellular organelles, and there are circadian fluc-
tuations. Given these considerations, it becomes evident
that the so-called ‘resting state’ is highly dynamic, suggest-
ing that ‘homeodynamics’ describes the basal cellular redox
state more adequately than ‘homeostasis’. This is reflected
by the term ‘eustress’ to denote the physiological range of
deviations from the redox set-point, in contrast to ‘distress’
at supraphysiological redox challenge, which causes biomo-
lecular damage.
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Proteodynamics includes protein production, maturation,
maintenance and degradation, and is affected by aging and
related oxidative stress. Proteomes of aging individuals be-
come functionally impaired as gergproteomes, participating in
cellular senescence. Aging of the immune system results in
increased susceptibility, severity and mortality due to infec-
tious diseases and malignancies. Aging-associated conver-
sion of immune cell proteomes to geroproteomes, in which
more and more proteins are underproduced, defective and
not propetly eliminated, precipitates inaccurate behavior
of the system. Mechanistically, the immune system aging
includes immunosenescence (similar, although not identi-
cal with generalized cellular senescence) and inflammaging
(aging-related increase of proinflammatory readiness). An
important mechanism of posttranslational protein modifi-
cation likely involved in immunosenescence and inflammag-
ing is their limited modulatory proteolysis by specialized
proteases, including the calpain-calpastatin system (CCS).
We have demonstrated that CCS activity is necessary for
effective T cell response to stimulation and that its activity
includes modification of some crucial signalling molecules.
Also, we have demonstrated that with aging amounts and
activities of CCS decrease, directly participating in immu-
nosenescence. Centenarians seem to retain most (if not all)
features of their proteomes (including robust CCS) into
old age which is likely deciding of their longevity.
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Iron is indispensable for most cellular processes, includ-
ing DNA synthesis, cellular respiration, oxygen transport,
steroid synthesis, etc. Conversely, iron can induce iron-de-
pendent formation of reactive oxygen species and oxida-
tive stress. One of the factors which determine iron toxic-
ity is its excessive accumulation in several tissues, including
skeletal muscle, heart, liver, pancreas, etc. Several reports
demonstrate that iron accumulation in tissue increases the
risk of diseases like diabetes, cancer, and heart attack.
Here we will ponder two critical questions concerning iron
toxicity: What is the mechanism of tissue iron accumula-
tion, and why is iron toxic even if it is stored in ferritin and
handled by other specialised proteins which protect it from
free radical-generating reactions? We hypothesised that an
impaired Akt-FOXO3a signalling pathway, which is charac-
teristic of insulin-resistant tissue, triggers changes in iron
metabolism. Our data clearly show that impairment of the
Akt signalling pathway leads to activation of FOXO3a, a
transcriptional factor upregulating ferritin. An increase in
cellular ferritin leads to a decrease in the labile iron pool,
which elevates iron transport into a cell. Moreover, we
provide experimental evidence that incell culture, iron-de-
pendent ROS formation is mediated by the NK1-ITCH-
p66shce signalling pathway.
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Oxidative stress participates in cellular senescence. Here,
we investigated whether it plays a role in senescence of
peritoneal mesothelial cells (PMCs) and fibroblasts (PFBs)
subjected to carboplatin (CPT) and paclitaxel (PCT). These
drugs are used to treat ovarian cancer (OC), and PMCs and
PEBs are critical for OC metastases. We show that PMCs
and PFBs senesce prematurely upon CPT and PCT expo-
sure. In PMCs, this state is telomere-independent, mediat-
ed by p16, AKT, and STAT3, whereas in PEFBs, it proceeds
in a telomere-dependent manner, engaging p21, p53, and
ERK1/2. Both cell types develop SASP via p38 MAPK,
NF-kB, STAT3, Notch1, and JAK3 signaling. Drug-treated
cells release increased amounts of superoxides and perox-
ides and accumulate damaged DNA and proteins. Activi-
ties of cytochrome c oxidase and NADH dehydrogenase
are elevated. They also have reduced inner mitochondrial
membrane potential, which in PMCs is compensated by
PGC-1a-dependent induction of mitochondria biogenesis.
Senescent PI'Bs display increased activity of antioxidants,
SOD and CAT. Upon drug-treated cell protection against
oxidative stress with spin-trap ROS scavenger, the expres-
sion of senescence indices declined. Collectively, our study
shows that CPT+PCT can promote the senescence of not-
mal peritoneal cells, and this paradoxical effect opposing
therapeutic needs, proceeds via increased oxidative stress.

Acknowledgements

The study was supported by a grant from the National Science Centre,
Poland (2020/37/B/NZ25/00100).

September 13t-16%t 2023



36 Session 7: Oxidative stress in health and disease

P.07.2

Reactive nitrogen species (RNS)-
dependent formation of macrophage
extracellular traps (METs) by bone
marrow-derived macrophages (BMDM:s)

Dominika Drab'2, Michal Santocki', Elzbieta Kolaczkowska'

'Laboratory of Experimental Hematology, Institute of Zoology and
Biomedical Research, Jagiellonian University, Krakow, Poland, “Doctoral
School of Exact and Natural Sciences, Faculty of Biology, Jagiellonian
University, Krakow, Poland

Dominika Drab <dominika.drab@doctoral.uj.edu.pl>

Extracellular trap (ET) formation has been extensively
studied in neutrophils, but other innate immune cells such
as macrophages are also capable of releasing extracellular
DNA decorated with nuclear and granular proteins. Mac-
rophage extracellular traps (METS) represent a novel tool
in the repertoire of macrophage defense against patho-
gens. To date, knowledge of the mechanisms involved in
their formation is still fragmentary. The aim of this study
was to validate MET formation by bone marrow-derived
macrophages (BMDMs) and to verify a role of reactive
nitrogen species (RNS) in MET formation. Our studies
were performed on BMDMs obtained from bone marrow
(BM) cells of C57Bl/6] male mice. BMs were differenti-
ated into naive BMDMs (F4/80%, CD11a*; flow cytom-
etry) using conditioned medium from mouse fibroblast cell
line 1.929. BMDMs were stimulated with a nitric oxide syn-
thase (NOS) inhibitor (L-NAME) or a nitric oxide donor
(SNAP) or LPS. Sytox Green DNA stain and antibodies
against MET components, histones (H2A.X) and MMP-9,
were used for MET visualization by confocal microscopy.
Fully differentiated and functional macrophages (adher-
ent, metabolically active, iINOS*, NO producing) were
able to form METs upon stimulation. Most importantly,
we showed for the first time that MET release depends on
RNS, as L-NAME inhibited MET formation by BMDMs
upon stimulation with LPS, and SNAP induced METs.
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Introduction: Schizophrenia (SCZ) is a mental disorder
with complex etiology and chronicity. Oxidative stress
(OS) may play a role in the pathophysiology of SCZ. OS
is a condition caused by excess reactive oxygen species and
impaired antioxidant defenses consisting of antioxidant en-
zymes, which can lead to lipid peroxidation.

Aim of the study: Determination of the relationship be-
tween the levels of selected lipid peroxidation products de-
pending on the type of SCZ.

Material and methods: The study included 150 people.
Blood was collected in clot tubes. The study group con-
sisted of 116 patients of the Psychiatric Clinic in Szczecin
diagnosed with schizophrenia (7 women, 21 men with SCZ
deficit); (24 women, 20 men with SCZ without deficit); (17
women, 13 men with first psychosis); (7 women and 7 men
ultra-high risk of psychosis). The control group comprised
34 healthy people (19 women, 15 men). Lipid peroxidation
product levels were tested by ELISA. Statistical analysis
performed by RStudio.

Results: Statistical analysis showed a significant relation-
ship between MDA, 4-HNE, 8-iso-PGF(2alpha), and the
type of schizophrenia (p<0.05).

Conclusions: Patients with schizophrenia experience
chronic oxidative stress, as evidenced by elevated levels of
lipid peroxidation products: iso-PGF(2alpha), MDA, and
altered levels of 4-HNE, suggesting that OS develops in
the early stages of the disease and persists throughout the
illness, suggesting that OS may be one of the causes of
schizophrenia.
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The aim of the project was to investigate antioxidant po-
tential of the extract which was obtained from the Vizelotte
variety (VE) of putple potatoes. The study involved de-
termining ant-oxidative activity in relation to model lipid
membranes, where peroxidation was induced by UVB ra-
diation and a chemical compound called AAPH. Addition-
ally, both antiradical activity against free radical DPPH®
and antidiabetic activity obtained in a way of inhibiting
a-glucosidase were specified. The toxicity of the extract
which was exerted on erythrocyte cells was also examined
in a way of measuring hemolytic activity.

The investigation of antioxidant activity conducted on
phosphatidylcholine liposomes revealed that the extract
provided more effective protection to the model lipid
membrane against AAPH-induced oxidation compared
to UVB-induced oxidation. Moteover, VE exhibited anti-
radical properties, confirming its ability to undergo oxida-
tion-reduction in neutralizing stable, free radical DPPH®.
It was demonstrated that VE inhibited the activity of
a-glucosidase enzyme under 7z vitro conditions. Finally,
the study showed that VE did not cause hemolysis of red
blood cells and, therefore, did not have any toxic effects.
The research results suggest that VE could have applica-
tions in the pharmaceutical industry as an ingredient in di-
etary supplements. As a proven antioxidant, the extract is
capable of delaying aging processes 7 vivo and may also be
used in order to support diabetes treatment.

Acknowledgements

The research was financed by the National Science Center, Grant No.
2017/25/N/NZ9/02915.

P.07.5

Assessment of oxidative potential
of compounds in the development
of gut microbiota dysbiosis

Anna Lichota, Monika Sienkiewicz

Department of Pharmaceutical Microbiology and Microbiological
Diagnostics, Medical University of Lodz, Lodz, Poland
Anna Lichota <anna.lichota@umed.lodzpl>

Gut microbial dysbiosis is a condition characterized by
a decrease in microbial diversity, quantity, and function.
Changes in gut microbial diversity result in the dysfunction
of the intestinal barrier, thus leading to multiple inflam-
matory diseases. This imbalanced microbiota is unable to
protect from pathogens, that can trigger inflammation and
lead to the development of chronic diseases. Gut microbial
dysbiosis is the most frequently caused by the use of anti-
microbial drugs including antibiotics. The aim of the study
was to investigate antioxidant properties of carvacrol, ge-
raniol (natural compounds), rifaximin and sulfasalazine on
selected bacterial strains of gut microbiota. Carvacrol and
geraniol are secondary metabolites of plants with good an-
timicrobial activity. They are characterized by antimicrobial,
anti-inflammatory properties, is used in cosmetic and food
industries. Rifaximin is antibiotic commonly used for the
treatment of traveller's diarrthoea. Whereas sulfasalazine
is used to treat and prevent chronic inflammatory bowel
diseases. The study determined the concentration of hy-
droperoxides, as well as carbonyl groups and free thiol
groups by Escherichia coli (NTCC 25922) and Enterococcus
Jaecalis (ATCC 29212). The research allowed to determine
oxidative potential of compounds against bacteria living in
gut microbiota. Obtained results indicate that sulfasalazine
and geraniol to a greater extent cause oxidative damage in
bacterial cells.
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Polyphenols have been extensively studied for their po-
tential health benefits. They exhibit potent antioxidant ac-
tivity, primarily attributed to their ability to scavenge free
radicals and reduce oxidative stress and inflammation. This
study aimed to evaluate the properties of AP119 compo-
sition in Hek293 and peripheral blood mononuclear cells
(PBMCs). Hek293 were treated with AP119 and H202
as a positive control, and the expression level of selected
markers associated with oxidative stress and inflammation
were analyzed using qPCR. GSH level was evaluated us-
ing Glutathione Assay Kit. NO and ROS level at PBMCs
were measured with Griess and DCFDA assay respectively
and IL-2 and IFN- y level were measured using ELISA.
AP119 treatment significantly reduced the level of Nrf-2,
SOD-2, HO-1 expression and GSH in Hek293 cells when
compared to H20O2-treated positive control. Furthermore,
AP119 decreased the level of 11.-2 and IFN-y protein in
PHA-L stimulated PBMCs. PBMCs pre-incubation with
AP119 also resulted in an increase of NO level and a re-
duction of H202-induced ROS production. Overall, these
findings highlight the potential of AP119 composition as a
natural antioxidant for cellular protection against oxidative
stress and inflammation. Further studies are warranted to
deeper elucidate the underlying molecular mechanisms and
evaluate the potential of AP119 in various oxidative stress-
related conditions.
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Many extracts rich in polyphenols have been extensively
described in literature. Much less data can be found on the
properties of extracts mixtures, which, due to their unique
composition, can show multidirectional effects. The aim
of the present study was to establish the best experimental
conditions that lead to the extracts richest in polyphenolic
compounds with potentiated biological activity, high bio-
availability and stability of active substances. In this regard,
a D-Optimal design of experiments (DoE) method was
applied. The input variables were the following data: con-
tent of polyphenols/anthocyanins, antioxidant and anti-
inflammatory properties for single extracts. The results
based on the prediction of Design-Expert® showed sev-
eral mixtures with the optimized composition of single ex-
tracts to obtain blends with desired properties. The selected
mixtures were then further studied. Their bioavailability
was assessed using Caco-2 in vitro model. Antioxidant po-
tential was measured with DPPH and ORAC assays, anti-
inflammatory properties were measured using ELISA and
stability of polyphenols and anthocyanins was evaluated in
accelerated aging tests in the stability chamber (40°C, 75%
RH). Obtained results highlight the potential of mixtures
of extracts to offer enhanced benefits and indicate that the
proportion of components in the mixture is the main fac-
tor involved in determining its properties.
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Tau protein is a microtubule-associated protein, mainly ex-
pressed in the neurons, closely associated with the proper
functioning of the cytoskeletal network. The aim of this
study was to examine whether overexpression of tau pro-
tein leads to changes in the redox status of human neu-
roblastoma SH-SY5Y cells. Non-differentiated SH-SY5Y
cells were stably transfected with a plasmid carrying the
sequence of hTau40 (the longest human tau isoform).
The level of reactive oxygen species (ROS) was elevated
in tau-overexpressing cells (TAU cells) as compared with
cells transfected with the empty vector (EP cells). The level
of reduced glutathione was increased in TAU cells, due to
the overproduction of this antioxidant as an adaptation
to oxidative stress (OS). The TAU cells had elevated mi-
tochondrial mass. They were more sensitive to hydrogen
peroxide and delphinidin compared to EP controls. These
results indicate that overexpression of the tau protein im-
poses OS on the cells. The nitroxide 4-amino-TEMPO and
nitroxide-containing nanoparticles (NPs) mitigated OS in
TAU cells, decreasing the level of ROS. NPs lowered the
level of lipid peroxidation and mitochondrial mass in both
TAU and EP cells. These results suggest that NPs may be
promising candidates to mitigate neuronal OS and delay
the progress of tauopathies.
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Examination of extracts of various common fruits and
vegetables showed an efficient inhibition of proliferation
of human ovarian cancer cells by gatlic extracts. Antioxi-
dant capacity, polyphenol content, flavonoid content and
organosulfur compounds content of acetone, ethanol and
phosphate-buffered saline (PBS) extracts of fresh Polish
and Spanish garlic, black and granulated garlic, as well as
fresh and dried bear’s garlic were compared. Considerable
differences were found between various garlic extracts.
Extracts of black and granulated garlic showed the low-
est antioxidant capacity. A significant correlation was found
between the content of phenolic compounds and the anti-
oxidant capacity assayed by the ABTS" decolorization and
FRAP methods, and between the results of the FRAP and
DPPH" decolorization assays. Gatlic extracts inhibited the
proliferation of PEO1 and SKOV3 ovary cancer cells and,
usually to a smaller extent, MRC-5 fibroblasts. PBS extract
of fresh Spanish garlic were most efficient in the inhibition
of proliferation of PEO1 cells (IC,, of 0.71 ug/100 pl
medium) while acetone extract of Polish garlic caused the
highest inhibition of proliferation of SKOV3 cells (IC,,
of 6.0 ng/100 ul. medium). The results demonstrate that
phenolic compounds are the main determinants of the
antioxidant capacity but, in contrast to organosulfur com-
pounds, they do not contribute significantly to the anti-
proliferative effect of garlic extracts against human ovarian
cancer cells.
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Decolorization of the 2,2"-azino-bis(3-ethylbenzothiazo-
line-6-sulfonate) free radical (ABTS®) is a popular method
of assay of the antioxidant capacity of food, beverages,
and biological fluids. We observed that the reaction of
ABTS® with vatious proteins leads not only to the ABTS®
reduction of also to the appearance of a purple color
(absorption maximum at 550-560 nm) visible after total
ABTS® reduction. The aim of this study was to character-
ize the formation and explain the nature of the product
responsible for the appearance of this color. The purple
color co-precipitated with protein, and was diminished by
reducing agents. A similar color was generated by tyrosine
upon reaction with ABTS®. The most feasible explana-
tion of the color formation is the addiction of ABTS® to
proteins tyrosyl radicals formed by protein reactions with
ABTS®. The product formation was decreased by the nitra-
tion of BSA tyrosine residues. The formation of the purple
product of tyrosine was optimal at pH 6.5. A pH decrease
induced a bathochromic shift of the spectra of the prod-
uct. The product was not a free radical as demonstrated by
EPR spectroscopy. Another byproduct of the reaction of
ABTS® with tyrosine and proteins was dityrosine. These
byproducts can contribute to the non-stoichiometry of the
antioxidant assays with ABTS®. Formation of the purple
ABTS adduct may be a useful index of radical addition re-
actions of protein tyrosine residues.
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Treatment of human neuroblastoma SH-SY5Y cells with
a catecholaminergic neurotoxin, 6-hydroxydopamine (6-
OHDA) is an in vitro experimental model of Parkinson
disease (PD). A decrease in the glutathione (GSH) content
occurs in PD. Higher concentrations of 6-OHDA lower
the GSH level in SH-SY5Y cells, nonetheless we and other
authors found a considerable increase in these cells' GSH
content after 24 h treatment with 60 pM 6-OHDA. A syn-
thetic antioxidant, 4-aminotetramethylpiperidine-1-oxyl (4-
AT) exerted a similar effect. The aim of the present study
was to explain this surprising effect by monitoring the time
course of changes in the levels of reduced and oxidized
glutathione (GSSG), the level of reactive oxygen species
and activities of enzymes of glutathione metabolism after
treatment of the cells with 60 uM 6-OHDA and/or 4-AT
for 30 min — 24 h. A transient decrease in the level of
GSH and decrease in the activities of glutathione peroxi-
dase, glutathione reductase, glutathione S-transferase and
y-glutamyl-cysteine ligase activities were found followed by
normalization or overshoot of the GSH level and enzyme
activities. Increased activity of y-glutamyl-cysteine ligase
activity starting after 4 h was responsible for the elevation
of the level of GSH in cells treated with 6-OHDA, 4-AT,
and both compounds.
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Multiple sclerosis (MS) is a common neurodegenerative
disease in which axon demyelination and nerve cell death
follow the inflammatory process. We assumed that MS
pathogenesis include damage to cell DNA caused by oxi-
dative stress. The further fate of the cells depends on the
effectiveness of DNA repair. The aim of this work was
to analyze the sensitivity of peripheral blood mononuclear
cells (PBMC) isolated from MS patients to DNA damag-
ing agents inducing oxidative DNA lesions - tert-Butyl
hydroperoxide (ITBH) and calculate the repair efficiency.
We included 30 MA patients and 30 healthy controls and
used alkaline version of comet assay with modifications to
measure sensitivity to DNA damaging agents and DNA re-
pair efficiency. We found an increased number of oxidative
DNA lesions in the MS patients as compared to the con-
trols. Exposure to TBH evoked similar increased damage
in both groups, but we observed statistically higher PMBC
sensitivity to TBH (MS-25.3 »s5 10.6 in control). Examina-
tion of the repair kinetics of both groups revealed that the
DNA lesions induced by TBH were more efficiently re-
paired in the controls than in the patients (ROC area curve
0.69; p<0.05 for TBH). These data suggests impaired re-
pair of oxidative DNA lesions in MS patients.
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Background and Aims: Nonalcoholic fatty liver disease
(NAFLD) is one of the most common disorders affecting
the liver, since NAFLD can be obsetrved in about 25% of
the population. Recent literature shows the link between
NAFLD and increased production of reactive oxygen spe-
cies (ROS), which can be produced in mitochondria. Due
to a high number of mitochondria present in hepatocytes,
it makes the liver is particularly vulnerable to oxidative
stress. It can lead to an oxidative damage in the mitochon-
drial DNA (mtDNA), and a base excision repair (BER) is
main DNA repair pathway responsible for dealing with
these lesions.

Method: The studied groups have 84 NAFLD patients
and 40 controls. RNA was isolated from blood samples and
transcribed into cDNA. Gene expression was determined
by TagMan probes and qPCR. APEX7, NEIL1, POLG,
LIGT, LIG3, XRCCT, PARP1, FENT were chosen as genes
of interest, while GAPDH as a reference gene. Statistical
analysis was performed using GraphPad Prism 8 and re-
sults were calculated using the 22 method.

Results: The findings present that all the eight studied
genes were up-regulated in the comparison to the controls.
The differences between groups expressed as p-value were
below 0.001 for each of the tested genes implying strong
association.

Conclusion: The results imply that genes involved in BER
repair pathway may influence the development of NAFLD.
The data allows to suspect, that the requirement of DNA
repair system is increased in the steatosis.
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