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Oxidative stress (OS) refers to a metabolic imbalance caused by the excessive pro-
duction of reactive oxygen species (ROS) and an insufficient antioxidant defense. It plays
a key role in the development of numerous diseases, including neurological disorders,
type 2 diabetes, cancer, aging, heart and acute renal failure, hypertension, preeclampsia,
atherosclerosis, coronary artery disease, asthma, chronic obstructive pulmonary disease,
rheumatoid arthritis, glaucoma, osteoporosis, and sexual dysfunction [1–4]. Therefore, this
Special Issue, title “Targeting Oxidative Stress for Disease”, aimed to provide recent insights
into the role of ROS-mediated effects in both physiological and pathological processes
underlying disease development.

OS is most commonly associated with neurological disorders. Increasing evidence
suggests that OS plays a role in neurodevelopmental disorders, being one of the major
environmental factors driving genomic instability and the deregulation of gene expression.
Mahmoudi and co-authors [5] analyzed the expression of circular RNAs (circRNAs), a
class of non-coding RNAs, and their role in competitive endogenous (ceRNA) networks
(including circRNA, miRNA, and mRNA) in differentiating SH-SY5Y neuroblastoma cells
that are exposed to OS before and during differentiation. The circRNAs containing miRNA
recognition elements are of particular interest, because they act as miRNA sponges. By
sequestering miRNAs, circRNAs prevent them from binding to their target mRNAs, thereby
influencing various cellular processes, including gene expression [6]. Research on SH-
SY5Y cells has shown that circRNAomes’ response to OS differs between early neural
progenitor cells and cells undergoing neuronal differentiation, with the early stages being
the more sensitive to OS exposure. These findings offer valuable insights into the regulatory
mechanisms that are induced by OS and other environmental factors that may influence
neuronal development [6].

OS and reduced antioxidant capacity have been implicated in the pathogenesis of
autism spectrum disorder (ASD), a neurodevelopmental disorder with an increasing global
incidence. While the causes of ASD are rather complex and not fully understood, OS
biomarkers have been proposed as a potential approach for early diagnosis and the evalua-
tion of pharmacological and nutritional treatments [7]. Moreover, antioxidant supplemen-
tation has been considered as a potential strategy for improving metabolic imbalances in
ASD [8]. Interestingly, at the molecular level, ASD subtypes may be distinguished based on
the ferroptosis score and expression of selected ferroptosis-related genes [9]. Ferroptosis, a
form of cell death that is triggered by an Fe2+ overload and excessive ROS accumulation,
has been linked to the pathophysiology of ASD. In animal models, attenuating ferroptosis
has been shown to mitigate autism-like behaviors, further supporting the potential clinical
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application of OS-targeting strategies [10]. ASD is also linked with inflammatory abnormal-
ities, and treatment with anti-inflammatory agents may be beneficial for some individuals.
However, further randomized placebo-controlled trials are required to determine the effec-
tiveness of immunoregulatory agents as treatment options for ASD patients [11,12]. The
anti-epileptogenic potential of certain compounds may also rely on their ROS scavenging
capabilities [13]. Psychiatric disorders are similarly influenced by OS. A better understand-
ing of the role of OS in the development and progression of psychiatric diseases could
lead to novel therapeutic approaches aimed at modifying the severity of OS. However, the
effects of neuropsychiatric drugs on OS are contradictory: some exhibit protective effects,
while others disrupt redox homeostasis [14–16]. Therefore, in order to improve the clinical
outcomes, future research should focus on rigorous clinical trials to clarify how different
neuropsychiatric drugs modulate OS in distinct patient subgroups.

Antioxidants may also play a beneficial role in bronchopulmonary dysplasia, the most
common respiratory complication in premature infants [17]. Although the pathogenesis
of this disease is rather complex, it is mainly related to OS due to the limited antioxidant
capacity of premature infants, along with inflammatory complications [18]. Emerging
evidence suggests that next-generation antioxidants, which combine antioxidant and anti-
inflammatory properties, hold promise for preventing and treating this condition [19,20].
The potential of antioxidants has also been explored for the treatment of cardiovascular
complications of cirrhosis [21].

The potential of OS has also been studied in the context of cancer treatment. Although
further research is needed to fully elucidate the contribution of OS to the development,
progression, and treatment outcomes of cancer, an increasing amount of evidence suggests
that ROS enhancement correlates with drug resistance, tumor aggressiveness, and poorer
survival rates [22,23]. Cancer cells undergo redox reprogramming by simultaneously
increasing ROS production and antioxidant defenses, optimizing ROS-driven proliferative
signals while minimizing oxidative damage to intracellular targets [24]. Moreover, an ROS
increase typically creates an inflammatory environment that promotes tumor growth and
metastatic potential [25]. Despite significant advances in cancer treatment, drug resistance
remains a major challenge. Therefore, novel chemopreventive agents are urgently needed to
improve the overall efficiency of existing treatment options. By their ability to detoxify ROS,
increased levels of various antioxidant enzymes may interfere with the efficacy of various
anti-cancer therapies that rely on ROS-mediated cytotoxicity. Consequently, inhibitors
of antioxidant enzymes and other antioxidant defense mechanisms have emerged as
potential strategies for the improvement of anti-cancer therapies and overcoming treatment
resistance [26–29].

Dietary approaches may also be effective in cancer prevention and treatment [29,30].
Various phytochemicals and bioactive natural products, such as royal jelly or propolis, show
anti-inflammatory and anti-proliferative activities, acting synergistically with anti-cancer
drugs to enhance the treatment efficacy and reduce side effects. In addition, these multitar-
get compounds may regulate the signaling pathways, antioxidant levels, and genetic and
epigenetic instability that promote tumor growth [31–33]. However, despite the extensive
preclinical evidence supporting the therapeutic potential of natural compounds, future
research should prioritize clinical trials to determine their exact role as complementary
cancer treatments.

In conclusion, OS contributes to the pathology of numerous diseases. While antioxi-
dants appear to be a rational strategy for preventing and treating OS-related conditions,
clinical trial results have been inconsistent. Hopefully, the data presented in this Special
Issue should be an incentive for future clinical research that will advance our understand-
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ing of the role of OS and the therapeutic potential of OS-targeted therapies for improving
human health and well-being.

Conflicts of Interest: The authors declare no conflict of interest.
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