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1. Reactive Species, Oxidative Damage, and Biomarkers

Reactive oxygen and nitrogen species (ROS/RNS) are generated as a result of normal
intracellular metabolism. Their physiological roles in biology related to redox signaling
mean that they participate in the modulation of apoptosis, stress responses, and prolifera-
tion [1-3]. ROS/RNS species include small molecules such as hydrogen peroxide (H,O,),
peroxynitrite (ONOO™), and hypohalous acids (HOCI or HOBr), as well as radicals such
as superoxide radical anion (O,°7), nitric oxide (NO*), hydroxyl radical (HO®), nitrogen
dioxide radical (NO,°®), and carbonate radical anion (CO3°™) [4,5]. The two progenitors
of the ROS network are O,°~ and NO* (Figure 1). Their concentrations are ~0.1 nM O,*~
and ~10 nM NO*® under physiological conditions, but these concentrations can increase
by up to 100-fold during inflammatory response, having a negative effect by causing dam-
age to biomolecules [6]. The enzymes superoxide dismutase (SOD) and catalase (CAT)
control the production of O,°~, first by dismutation to H,O, and O, and, secondly, by
transforming H,O, to water and oxygen (see Figure 1—red color) [7]. Figure 1 also shows
the main pathways via which other biologically important free radicals can be produced,
either via HyO; or as a consequence of peroxynitrite ONOO™ formation [8]. HyO, is at
the crossroads of several pathways for the formation of HO®, with the main ones being
Fenton reaction (FeZ* and H,O,) [9], Haber-Weiss reaction (O,*~ and H,0,), and the
reduction of previously formed HOCI or HOBr by superoxide radicals. The spontaneous
decomposition of ONOOH also produces HO®*. ONOO™ reacts with CO,, and the resulting
adduct rapidly decomposes to NO,* and CO3°~. The regulation of ROS and related species,
as well as oxidative repair, becomes less efficient with aging, resulting in the accumulation
of ROS-derived damage. The free radical theory of aging claims that ROS-derived damage
contributes to the functional decline of organ systems and predisposes those affected to
pathologies such as cancer, as well as cardiovascular and neurodegenerative diseases [10].

It is also worth mentioning that small reactive sulfur species (RSS) like H,S and its
congeners or HyS-derived radicals are emerging players in biological processes, partic-
ularly those related to mitochondria chemistry [11]. In chemical biology, it is believed
that molecule modification/damage is due mainly to the activation of ROS through RSS
generation. Regarding the reactivity of free radicals and, in particular, thiyl radicals (RS®)
towards biomolecules, there is the well-known cis—trans isomerization of double bonds
in unsaturated fatty acids moieties, which leads to the alteration of these biomolecules
without resulting in oxidative stress products [12]. Figure 2 shows the reaction mechanism
for this transformation, which consists of the reversible addition of RS*® to the cis double
bond, forming the trans geometry as the thermodynamically favorable structure. It is
worth noting that the radical RS® acts as a catalyst for cis—trans isomerization, and the
isomerization mechanism occurs on polyunsaturated substrates as a step-by-step process
(i.e., each isolated double bond behaves independently).

Biomarkers and their products are substances, structures, or processes that can be
measured in the body. They can be used to influence or predict the incidence of an outcome
or a disease. Some of the reactive species mentioned above can damage organs, tissues, and
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cells by oxidizing DNA, proteins, and lipids, thereby resulting in diseases. The enormous
importance of oxidative and free radical chemistry for a variety of biological processes, in-
cluding aging and inflammation, has motivated researchers to try to understand the related
mechanistic steps at the molecular level with the development of related biomarkers. The
identification of modified biomolecules has a diagnostic value for the evaluation of in vivo
damage. Therefore, the development of biomarkers through biomolecule modification and
characterization by analytical protocols, followed by biomarker validation and extension to
clinical research, have important applications in medicine and therapeutical approaches

(Figure 3).
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Figure 1. The enzymes SOD and CAT control the production of superoxide radical anion (0,°® ) (see
red color). The processes that generate HO® are the Fenton and Haber-Weiss reactions of Hy,O,, the
reduction of HOCl by O,°*~, and the spontaneous decomposition of ONOOH, whereas the processes
that generate CO3°*~ are the decomposition of ONOOH and H,O, reacting with Fe?* and bicarbonate.
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Figure 2. Thiyl radical-catalyzed cis-trans isomerization of a monounsaturated fatty acid moiety.
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Figure 3. Omics technologies and the role of biomimetic radical chemistry in biomarker discovery.
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This Special Issue covers various aspects of biomarker research, from biomarker iden-
tification, including chemical reactivity and analytical procedures, to biomarker validation
and pre-clinical applications. Examples include DNA oxidation products, peptide and pro-
tein modifications, lipid peroxidation and isomerization, and defense and repair strategies.

2. Brief Overview of the Special Issue
2.1. Biomarkers of DNA Damage

Purine 5',8-cyclo-2’-deoxynucleosides (cPu) are solely generated by the attack of HO®
radicals on purine moieties via C5'-radical chemistry, resulting in the formation of an
additional C5’'—C8 covalent bond; 5,8-cyclo-2’-deoxyadenosine (cdA) and 5',8-cyclo-2'-
deoxyguanosine (cdG) exist in the 5'R and 5'S configurations (Figure 4). cPu can be removed
only by the nucleotide excision repair (NER) pathway, and different repair efficiencies of
R and S diastereoisomers have been detected [8]. On the contrary, the well-known 8-
oxo-purine (8-oxo-Pu) lesions, namely, 8-oxo-7,8-dihydro-2’-deoxyadenosine (8-oxo-dA)
and 8-oxo-7,8-dihydro-2'-deoxyguanosine (8-oxo-dG), derive from the oxidation at the C8
position of adenine and guanine caused by a variety of reactive oxygen species (ROS) and
can be repaired by base excision repair (BER) [8].
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Figure 4. The structures of 5',8-cyclo-2’-deoxyadenosine (cdA), 5 ,8-cyclo-2’-deoxyguanosine (cdG),
and 8-ox0-7,8-dihydro-2’-deoxypurine (8-oxo-dG or 8-oxo-dG).

Two articles in this Special Issue deal with the simultaneous measurement of six
purine lesions in DNA samples using LC-MS/MS protocol. The first of these articles
reports on Cockayne syndrome (CS) cell lines [13]. In particular, the six purine lesions were
ascertained in the mtDNA of wild-type CSA and CSB cells and defective counterparts in
comparison with the corresponding total nDNA. The 8—oxo-Pu levels were found to be
in the range of 25-50 lesions/10” nucleotides in both mtDNA and nDNA. The four cPu
were undetectable in mtDNA both in defective cells and in the wt counterparts (CSA and
CSB), contrary to their detection in nDNA, indicating the absence of HO® reactivity within
mtDNA. Additional tailored in vitro experiments demonstrated a higher resistance to HO*®
attack for mtDNA in comparison with nDNA associated with their different DNA helical
topologies. The second of these articles reports on the brain tissue of mice [14]. A murine
model of immunodeficient (SCID) xenografted young (4 weeks old) and old (17 weeks
old) mice was compared with corresponding controls without tumor implantation. Both
cPu and 8-oxo-cPu formation was evaluated in this study to compare the effect of tumor
development and gather information on the aging process. Progressive DNA damage due
to age and tumoral conditions was confirmed by raised levels of 5'S-cdG and 5'S-cdA.

2.2. Biomarkers of Lipid Damage

The above-mentioned brain tissue of young (4 weeks old) and old (17 weeks old) mice,
in parallel to DNA damage, was also evaluated to ascertain changes in lipid content [14].
The remodeling of fatty acids involved a diminution of palmitic acid accompanied by an
increase in arachidonic acid, along both age and tumor progressions, causing increases
in the unsaturation index, the peroxidation index, and total TFA, indicators of increased
oxidative and free radical reactivity. The authors concluded that under aging and dis-



Biomolecules 2024, 14, 194

40f7

ease progressions, membranes are not spectators, and targeted strategies are needed for
preserving their molecular integrity [14].

Lipid peroxidation (LP), an important type of oxidative/radical damage in biological
systems, is associated with a large number of pathological conditions, from atherosclerosis
and cardiovascular diseases to neurological disorders and cancer [15]. Moreover, ferroptosis
is a caspase-independent type of cell death triggered by iron-dependent LP [16]. The
chemistry of LP, with radical chain-propagation reactions, is reviewed in [17] in this Special
Issue, with a focus on the kinetics of various processes which help us to understand
the mechanisms and efficacy of antioxidant strategies. The author of this article also
describes the LP products that are commonly used as biomarkers to monitor the damage of
biological systems, as well as their ability as electrophiles to alter other biomolecules such as
proteins. An overview of the biological consequences of LP is presented, with an emphasis
on membrane integrity and function, cell signaling, cancer, neurological disorders, and
ferroptosis [17].

4-hydroxynonenal (4-HNE) is the quintessential biomarker for the oxidative degra-
dation of polyunsaturated fatty acids (PUFA). The relationship between 4-HNE and the
metabolomic profiling of patients with prostate cancer is reported on in [18]. In this study,
measurements of 4-HNE-protein adducts in prostate cancer tissues and plasma samples
from prostate cancer patients were obtained and compared with samples collected from
healthy controls. The results indicated an absence of 4-HNE-protein adducts in prostate
carcinoma tissues but increased 4-HNE-protein levels in the plasma of these patients,
associated with different long-chain and medium-chain fatty acids with the presence of
prostate cancer. The metabolic pathway of unsaturated fatty acid biosynthesis was found
to be significantly affected by 4-HNE 18].

Plasmalogens are an important class of membrane phospholipids; in red blood cells
(RBCs), their content reaches 15-20% and increases in tissues like the heart (32-50%), brain
(20-50%), and spermatozoa (55%). Plasmalogens are characterized by having the following
two fatty acids: one unsaturated fatty acid linked to the glycerol moiety through a cis-
vinyl ether function and the other PUFA residue linked through an acyl function. An
article in this Special Issue reports on the radical reactivity and identification of TFA [19].
In addition to the reported optimal transesterification procedure, it was demonstrated
that the vinyl ether reactivity is similar to the reactivity of the arachidonic moiety that
contains four C-C double bonds in cis—trans isomerization by thiyl radicals. Furthermore,
a biomimetic Fenton-like model involving plasmalogen-containing liposomes or RBC
ghosts, was used to compare peroxidation and isomerization processes, allowing for a full
picture of plasmalogen reactivity under free radical conditions [19]. Trans fatty acids can
also be produced endogenously from free radicals and thiols, which makes them valuable
biomarkers for free radical activity in the human lipidome [12]. It was recently reported that
resistance to ferroptosis induced by the LP microenvironment is based on the membrane
enrichment of combined SFA and TFA during remodeling [20].

2.3. Antioxidant Protection

The main types of antioxidants for LP are discussed in terms of structure-activity
rationalization, with a focus on mechanisms, kinetics, and their potential role in modulating
ferroptosis, in [17]. In this particular study, antioxidants were classified as preventive,
chain-breaking, or termination-enhancing and varied from small molecules to complex
enzyme systems.

A review paper in this Special Issue focuses on red blood cells (RBCs) as a biological
target of oxidative reactivity due to their content of both proteins (in particular, hemoglobin)
and lipids (in particular, polyunsaturated components of RBC membranes) [21]. After pre-
senting a summary of the most relevant mechanisms and effects of oxidants in RBCs, along
with a summary of the production of modified biomolecules that can act as biomarkers, the
review describes an antioxidant armoire with low-molecular-weight compounds (such as
ascorbate, alpha-tocopherol, and glutathione) and a large network of antioxidant proteins
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that can react and deactivate oxidant species (such as superoxide dismutase, glutathione
peroxidase, glutathione reductase, peroxiredoxin 2, thioredoxin, thioredoxin reductase,
glutaredoxins, and catalase). An excursus of the main pathological consequences of ox-
idative stress in RBCs is also provided. Enzymatic defense deficiencies, which cause this
otherwise very resistant and flexible cell type to become fragile and degrade, are also
explored [21].

Another review paper in this Special Issue focuses on diabetes mellitus, a pathological
condition characterized by oxidative stress and inflammation; thus, knowledge on the
molecular mechanisms of polyphenols is required to ensure their utility as nutritional
antioxidants that can be used to improve the efficiency of antidiabetic treatments [22].
Diabetes mellitus includes the occurrence of this condition during pregnancy; therefore,
the use of nutrition as a tool for pharmacological improvements and to optimize fetus
resistance is even more justified. After a thorough description of the molecular mechanisms
of reactive oxygen species generation in cells, DNA, and lipid- and protein-damaging
processes, along with the individuation of biomarkers of this reactivity (such as advanced
glycation-end—AGE—products), this overview of diabetes mellitus not only includes
results from clinical trials but also concludes by describing pancreatic cell function, glucose
homeostasis (also controlled by antioxidants), and the enzymatic antioxidant defense
system. This review offers a complete evaluation of polyphenols as antioxidants, focusing
on nutritional, metabolic, and clinical aspects and supporting their use in diabetes mellitus
treatment [22].

Another article in this Special Issue focuses on the toxic effects of cadmium (Cd)
as a potentially toxic element (PTE) deriving from pollution or industrial processes that
humans can be involved with, thus causing a human health concern and the need for
individuating a good antioxidant treatment [23]. In particular, liver cells are targets of
Cd-induced oxidative stress, especially when this element is combined with the exposure of
free fatty acids, which are known as the main compounds processed in liver cells. Moreover,
melatonin (MLT), a hormonal regulator of the circadian rhythm that, as an antioxidant
and cytoprotective agent, is endowed with pharmacological properties, was considered to
efficiently counteract the oxidative damage. This article shows a proof of concept of the
synergic activity between Cd and fatty acids for reactive oxygen species (ROS) generation
in an in vitro model of liver cells (HepaRG) and intestinal epithelial cancer cells (CACO-2
cells), thus enhancing the potential for fatty acids to produce lipotoxicity and cell damage.
Melatonin demonstrated its utility as a cytoprotective agent, having specific molecular
mechanisms involving ERK1/2 agonism, halting cell signaling via the MAPK-ERK1/2
pathway and SAPK activation in the hepatic cell line. Cd and fatty acids induced the
accumulation of cellular lipids, whereas MLT lessened the cell death induction effects both
in HepaRG and CACO-2 cell lines [23]. These results should encourage further pre-clinical
and clinical studies on using MLT as an antioxidant intervention option in the context of
Cd exposure.

2.4. Oxidative and Radical Stress: Measurements and Protein Studies

Another review in this Special Issue deals with important issues related to the use
of fluorescent or luminescent probes and other chemical reagents to measure oxidative
and radical stress [24]. This review emphasizes the need to understand reaction pathways
and, in particular, to quantify the kinetic parameters of key reactions and measure the
intracellular levels and localization of probes if such reagents have to be used. Very useful
information is given, including (i) a discussion on ROS in general terms, (ii) the most widely
used probes for ROS, and (iii) key points to consider when using chemical probes in free
radical biology.

The structural properties of some proteins (keratin, collagen, bovine and fish gelatins)
exposed to gamma radiation (10 kGy) have been studied by researchers via a variety
of analytical and spectroscopical techniques [25]. Protein denaturation and changes in
the secondary structures have been observed. Proteins with higher degrees of ordered
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structures are more stable against gamma radiation and temperature. The presence of
riboflavin has different effects on their secondary structures, with a stabilizing effect for
keratin and fish gelatin and a destabilizing effect for bovine gelatin, observed in both
irradiated and non-irradiated samples. Riboflavin facilitates the release of free radicals that
further interact with the protein chains.

Despite the therapeutic and commercial success of protein therapeutics, the develop-
ment of stable protein formulations can present challenges. Indeed, proteins are subjected
to physical and chemical degradation. Another review in this Special Issue focuses on the
primary processes of free radical formation that are relevant to pharmaceutical formula-
tions [26]. In this review, it is reported that oxidation and the formation of free radicals
represent the major pathways for the chemical degradation of pharmaceutical formulations.
In particular, emphasis is placed on autoxidation, metal-catalyzed oxidation (Fenton and
Fenton-like reactions), photo-degradation, and radical generation from cavitation as result
of mechanical stress and various stabilizing additives like antimicrobial preservatives.

3. Conclusions

The articles/reviews that comprise this Special Issue and are described above focus
on modified endogenous biological molecules as markers of oxidative changes or other
changes initiated by free radicals, as well the structural properties of proteins formulated
for storage. A broader understanding of the mechanisms and effects of oxidative stress
generation in a biological context can be obtained by reading the articles of this Special Issue.
The strong multidisciplinarity of this research area is well represented, allowing for readers
to obtain a broad perspective of chemical, mechanistic, analytical, molecular, and structural
aspects, together with an understanding of applications in biological, pharmaceutical, pre-
clinical, and clinical fields. It is hoped that through exploring the articles/reviews within
this collection, the readers of this Special Issue can find interesting sources of inspiration
for conducting further research on free radicals and oxidative stress.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The author declares no conflicts of interest.

References

1.

10.

Sies, H.; Belousov, V.V.; Chandel, N.S.; Davies, M.].; Jones, D.P.; Mann, G.E.; Murphy, M.P.; Yamamoto, M.; Winterbourn, C.
Defining roles of specific reactive oxygen species (ROS) in cell biology and physiology. Nat. Rev. Mol. Cell Biol. 2022, 23, 499-515.
[CrossRef]

Lennicke, C.; Cochemé, H.M. Redox metabolism: ROS as specific molecular regulators of cell signaling and function. Mol. Cell
2021, 81, 3691-3707. [CrossRef]

D’Autreaux, B.; Toledano, M.B. ROS as signalling molecules: Mechanisms that generate specificity in ROS homeostasis. Nat. Rev.
Mol. Cell Biol. 2007, 8, 813-824. [CrossRef] [PubMed]

Murphy, M.P,; Bayir, H.; Belousov, V.; Chang, C.J.; Davies, K.J.A.; Davies, M.].; Dick, T.P; Finkel, T.; Forman, H.].; Janssen-
Heininger, Y.; et al. Guidelines for measuring reactive oxygen species and oxidative damage in cells and in vivo. Nat. Metab. 2022,
4, 651-662. [CrossRef] [PubMed]

Weidinger, A.; Kozlov, A.V. Biological Activities of Reactive Oxygen and Nitrogen Species: Oxidative Stress versus Signal
Transduction. Biomolecules 2015, 5, 472-484. [CrossRef] [PubMed]

Geacintov, N.E.; Shafirovich, V. Reactions of small reactive species with DNA. In Encyclopedia of Radicals in Chemistry, Biology and
Materials; Chatgilialoglu, C., Studer, A., Eds.; Wiley: Chichester, UK, 2012; Volume 3, pp. 1284-1317.

Fridovich, I. Superoxide radical and superoxide dismutases. Annu. Rev. Biochem. 1995, 64, 97-112. [CrossRef] [PubMed]
Chatgilialoglu, C.; Ferreri, C.; Krokidis, M.G.; Masi, A.; Terzidis, M.A. On the relevance of hydroxyl radical to purine DNA
damage. Free Radic. Res. 2021, 55, 384—404. [CrossRef] [PubMed]

Zhao, Z. Hydroxyl radical generation from the physiologically relevant Fenton-like reactions. Free Radic. Biol. Med. 2023,
208, 510-515. [CrossRef] [PubMed]

Finkel, T.; Holbrook, N.J. Oxidants, oxidative stress and the biology of ageing. Nature 2000, 408, 239-247. [CrossRef] [PubMed]


https://doi.org/10.1038/s41580-022-00456-z
https://doi.org/10.1016/j.molcel.2021.08.018
https://doi.org/10.1038/nrm2256
https://www.ncbi.nlm.nih.gov/pubmed/17848967
https://doi.org/10.1038/s42255-022-00591-z
https://www.ncbi.nlm.nih.gov/pubmed/35760871
https://doi.org/10.3390/biom5020472
https://www.ncbi.nlm.nih.gov/pubmed/25884116
https://doi.org/10.1146/annurev.bi.64.070195.000525
https://www.ncbi.nlm.nih.gov/pubmed/7574505
https://doi.org/10.1080/10715762.2021.1876855
https://www.ncbi.nlm.nih.gov/pubmed/33494618
https://doi.org/10.1016/j.freeradbiomed.2023.09.013
https://www.ncbi.nlm.nih.gov/pubmed/37717792
https://doi.org/10.1038/35041687
https://www.ncbi.nlm.nih.gov/pubmed/11089981

Biomolecules 2024, 14, 194 70f7

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Filipovic, M.R.; Zivanovic, ].; Alvarez, B.; Banerjee, R. Chemical biology of H,S signaling through persulfidation. Chem. Rev. 2018,
118, 1253-1337. [CrossRef]

Chatgilialoglu, C.; Ferreri, C.; Melchiorre, M.; Sansone, A.; Torreggiani, A. Lipid geometrical isomerism: From chemistry to
biology and diagnostics. Chem. Rev. 2014, 114, 255-284. [CrossRef] [PubMed]

Chatgilialoglu, C.; Krokidis, M.G.; Masi, A.; Barata-Vallejo, S.; Ferreri, C.; Pascucci, B.; D’Errico, M. Assessing the Formation of
Purine Lesions in Mitochondrial DNA of Cockayne Syndrome Cells. Biomolecules 2022, 12, 1630. [CrossRef] [PubMed]
Krokidis, M.G.; Prasinou, P; Efthimiadou, E.K.; Boari, A.; Ferreri, C.; Chatgilialoglu, C. Effects of Aging and Disease Conditions
in Brain of Tumor-Bearing Mice: Evaluation of Purine DNA Damages and Fatty Acid Pool Changes. Biomolecules 2022, 12, 1075.
[CrossRef] [PubMed]

Foret, M.K,; Lincoln, R.; Do Cormo, S.; Cuello, A.C.; Cosa, G. Connecting the “Dots”: From Free Radical Lipid Autoxidation to
Cell Pathology and Disease. Chem. Rev. 2020, 120, 12757-12787. [CrossRef] [PubMed]

Stockwell, B.R. Ferroptosis turns 10: Emerging mechanisms, physiological functions, and therapeutic applications. Cell 2022,
185, 2401-2421. [CrossRef] [PubMed]

Valgimigli, L. Lipid Peroxidation and Antioxidant Protection. Biomolecules 2023, 13, 1291. [CrossRef]

Perkovic, M.N.; Jaganjac, M.; Milkovic, L.; Horvat, T.; Rojo, D.; Zarkovic, K,; Cori¢, M.; Hudolin, T; Waeg, G.; Orehovec, B.; et al.
Relationship between 4-Hydroxynonenal (4-HNE) as Systemic Biomarker of Lipid Peroxidation and Metabolomic Profiling of
Patients with Prostate Cancer. Biomolecules 2023, 13, 145. [CrossRef]

Ferreri, C.; Ferocino, A.; Batani, G.; Chatgilialoglu, C.; Randi, V.; Riontino, M.V.; Vetica, F.; Sansone, A. Plasmalogens: Free Radical
Reactivity and Identification of Trans Isomers Relevant to Biological Membranes. Biomolecules 2023, 13, 730. [CrossRef]

Hirata, Y.; Ferreri, C.; Yamada, Y.; Inoue, A.; Sansone, A.; Vetica, F.; Suzuki, W.; Saya Takano, S.; Noguchi, T.; Matsuzawa, A.; et al.
Geometrical isomerization of arachidonic acid during lipid peroxidation Interferes with ferroptosis. Free Radic. Biol. Med. 2023,
204, 374-384. [CrossRef]

Orrico, F; Laurance, S.; Lopez, A.C.; Lefevre, S.D.; Thomson, L.; Moller, M.N.; Ostuni, M.A. Oxidative Stress in Healthy and
Pathological Red Blood Cells. Biomolecules 2023, 13, 1262. [CrossRef] [PubMed]

Krawczyk, M.; Burzynska-Pedziwiatr, I.; Wozniak, L.A.; Bukowiecka-Matusiak, M. Impact of Polyphenols on Inflammatory and
Oxidative Stress Factors in Diabetes Mellitus: Nutritional Antioxidants and Their Application in Improving Antidiabetic Therapy.
Biomolecules 2023, 13, 1402. [CrossRef] [PubMed]

Migni, A.; Mancuso, F.; Baroni, T.; Di Sante, G.; Rende, M.; Galli, F.; Bartolini, D. Melatonin as a Repairing Agent in Cadmium-
and Free Fatty Acid-Induced Lipotoxicity. Biomolecules 2023, 13, 1758. [CrossRef] [PubMed]

Wardman, P. Factors Important in the Use of Fluorescent or Luminescent Probes and Other Chemical Reagents to Measure
Oxidative and Radical Stress. Biomolecules 2023, 13, 1041. [CrossRef] [PubMed]

Stanca, M.; Gaidau, C.; Zaharescu, T.; Balan, G.-A.; Matei, I.; Precupas, A.; Leonties, A.R.; Ionita, G. Physico-Chemical Changes
Induced by Gamma Irradiation on Some Structural Protein Extracts. Biomolecules 2023, 13, 774. [CrossRef]

Schoneich, C. Primary Processes of Free Radical Formation in Pharmaceutical Formulations of Therapeutic Proteins. Biomolecules
2023, 13, 1142. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1021/acs.chemrev.7b00205
https://doi.org/10.1021/cr4002287
https://www.ncbi.nlm.nih.gov/pubmed/24050531
https://doi.org/10.3390/biom12111630
https://www.ncbi.nlm.nih.gov/pubmed/36358980
https://doi.org/10.3390/biom12081075
https://www.ncbi.nlm.nih.gov/pubmed/36008969
https://doi.org/10.1021/acs.chemrev.0c00761
https://www.ncbi.nlm.nih.gov/pubmed/33211489
https://doi.org/10.1016/j.cell.2022.06.003
https://www.ncbi.nlm.nih.gov/pubmed/35803244
https://doi.org/10.3390/biom13091291
https://doi.org/10.3390/biom13010145
https://doi.org/10.3390/biom13050730
https://doi.org/10.1016/j.freeradbiomed.2023.05.026
https://doi.org/10.3390/biom13081262
https://www.ncbi.nlm.nih.gov/pubmed/37627327
https://doi.org/10.3390/biom13091402
https://www.ncbi.nlm.nih.gov/pubmed/37759802
https://doi.org/10.3390/biom13121758
https://www.ncbi.nlm.nih.gov/pubmed/38136629
https://doi.org/10.3390/biom13071041
https://www.ncbi.nlm.nih.gov/pubmed/37509077
https://doi.org/10.3390/biom13050774
https://doi.org/10.3390/biom13071142

	Reactive Species, Oxidative Damage, and Biomarkers 
	Brief Overview of the Special Issue 
	Biomarkers of DNA Damage 
	Biomarkers of Lipid Damage 
	Antioxidant Protection 
	Oxidative and Radical Stress: Measurements and Protein Studies 

	Conclusions 
	References

