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Oxidative stress is a condition that occurs when there is an imbalance between the
production of reactive oxygen species (ROS) and the body’s ability to neutralize them [1].
ROS are normally produced inside cells, but their amount is finely counterbalanced by
antioxidant enzymes, e.g., SOD, GPx, and catalase. However, when this homeostasis is
interrupted and ROS levels are too high, or antioxidant levels are too low, oxidative stress
can occur.

Oxidative stress has been linked to a wide range of pathologies, including cardiovas-
cular diseases, cancer, neurological disorders (e.g., Alzheimer’s disease, Parkinson’s dis-
ease, multiple sclerosis), pulmonary diseases (e.g., asthma, chronic obstructive pulmonary
disease), inflammatory diseases (e.g., arthritis, inflammatory bowel disease), and autoim-
mune diseases (e.g., lupus, rheumatoid arthritis) [2-6]. The exact mechanisms by which
oxidative stress contributes to disease are complex and vary depending on the specific
pathology [7]. However, it is thought that oxidative stress can damage cells and tissues in
a number of ways, including damaging DNA and proteins, disrupting cellular signaling
pathways, inducing inflammation, and causing cell death.

The growing body of evidence suggesting that oxidative stress may play a role in the
initiation and progression of many chronic diseases has led to increased interest in devel-
oping strategies to reduce oxidative stress and protect against its harmful effects [7]. One
way to reduce oxidative stress is to follow a healthy diet rich in antioxidants, substances
that can neutralize ROS and protect cells from damage [8]. For example, fruit, vegetables,
marine algae, and many traditional medicinal plants are rich in secondary metabolites
with antioxidant properties, among others, as are many beverages obtained from natural
products [9-11]. Several molecules contained in these products, although at low concen-
tration, have already been shown to exert antioxidant activity, among others, both in vitro
and in vivo [12].

In this Special Issue, comprising ten original research articles and four review arti-
cles, the latest research into oxidative stress and the exploitation of secondary metabolites
for its reduction are reported (see List of Contributions for details).

For example, Xia and colleagues demonstrated that Humulus lupulus L. extracts can
protect against senior osteoporosis (SOP) by inhibiting A3 deposition and oxidative stress
(contribution 1). The extract, which is used in various industries, improved learning abil-
ities, memory impairment, and regulated antioxidant enzymes and bone metabolism pro-
teins in mice. It also enhanced bone mineralization and reduced A3 deposition in the brain
and femur. The results suggest that hops extract could be a potential clinical application
for SOP prevention and treatment.

On the other hand, Gajurel et al. studied the antioxidant capacity of extracts enriched
in prenylated stilbenoids and derivatives from peanut hairy roots (contribution 2). The
extracts were produced by co-treating hairy root cultures of the cultivars Hull, Tifrunner,
and Georgia Green with methyl jasmonate, cyclodextrin, hydrogen peroxide, and magne-
sium chloride. The results showed that the cultivar Tifrunner had higher levels of stil-
benoid derivatives arachidin-1 and arachidin-6. The extracts from Tifrunner showed the
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highest antioxidant capacity, with an ICso of 6.004 ug/mL. These findings suggest that stil-
benoid-rich extracts from peanut hairy roots could be potential nutraceuticals for human
health.

Resveratrol, among the most studied stilbenoids, is found in grapes, wine, nuts, and
berries, has numerous biological activities, and is considered a healthcare material [13,14].
It has antimicrobial, antioxidant, antiviral, antifungal, and antiaging effects. However, it
suffers from low bioavailability when administered in vivo due to its susceptibility to en-
zyme degradation by the body’s innate immune system. Bohara et al., after summarizing
the physicochemical characteristics of resveratrol and its beneficial effects, reviewed the
recent advances in nanotechnological approaches for its delivery, thus overcoming its
aforementioned limit (contribution 3). Finally, they also discussed resveratrol’s potential
applications as a therapeutic and disease-preventing agent, such as anticancer and antivi-
ral agents.

Zhang at al. investigated the potential of 25 flavonoids, another class of secondary
metabolites synthesized mainly by plants, to protect PC-12 cells from methylglyoxal-in-
duced damage (contribution 4). The results, together with structure-activity relationship
(SAR) analysis and molecular docking studies, showed that the flavan-3-ols, and in par-
ticular EGCG, which showed the lowest ECso, could reduce oxidative stress via the
Nrf2/Keap1l/HO-1 and Bcl-2/Bax signaling pathways. These findings suggest that flavan-
3-ols could be a potential dietary supplement for protection against diabetic encephalo-
pathy, as they can help prevent neuronal-death-related memory impairment caused by
methylglyoxal-induced oxidative stress and cytotoxicity.

Rahimifard and colleagues demonstrated that gallic acid (GA), a simple plant-de-
rived polyphenol metabolite, has anti-aging properties in rat embryonic fibroblast (REF)
cells and antidiabetic effects in pancreatic islet cells (contribution 5). The study found that
GA decreased (3-galactosidase activity and reduced inflammatory cytokines and oxidative
stress markers in REF cells. It also improved the function of 3 cells and reduced apoptosis
by inhibiting caspase-9 activity. The findings suggest that GA at low doses regulates se-
nescence and diabetes pathways through its antioxidative stress potential and modulation
of mitochondrial complex activities. This suggests that GA could be a useful dietary sup-
plement.

Yang et al. discovered a benzoxazole derivative able to suppress the proliferation and
growth of colorectal cancer (CRC) cell lines (contribution 6). It triggers caspase 3-mediated
intrinsic apoptosis of mitochondria and autophagy initiation, primarily due to increased
reactive oxygen species (ROS) accumulation in CRC cells, suggesting its use as a potential
therapeutic agent for CRC treatment.

The Cannabis sativa L. plant contains phytocannabinoids, including A>-THC and CBD
[15]. In their study, Salbini et al. investigated the biological effects of cannabidibutol
(CBDB) and cannabidiphorol (CBDP), comprising the same terpenophenolic core as CBD
but differing only in the length of the alkyl side chain, in human breast carcinoma cells
expressing CB receptors (contribution 7). The results showed that CBD treatment affects
cell viability, increases reactive oxygen species production, and activates cellular path-
ways related to ROS signaling. The biological activity of CBD homologs is significantly
increased when combined with drugs that inhibit enzymes involved in endocannabinol
metabolism or induce cellular stress pathways. The exact molecular mechanisms are yet
to be fully elucidated.

Milk lipids are crucial nutritional components, but their health effects, particularly
for animal milks, are still a concern [16]. A study by Aresta and colleagues analyzed four
types of commercial milks, including two semi-skimmed animal milks (bovine and goat)
and two vegetable ones (soy and rice), and their total and free lipid fractions (contribution
8). All raw milks showed higher antioxidant ability than rice, except for soy milk, which
reduced ROS in Caco-2 cells. The free lipid fraction had the highest antioxidant potential
in both chemical and biological tests. Goat and soy raw milks positively regulated Caco-2
cell viability after an inflammatory stimulus, but lost this effect when their total lipid
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fraction was tested. Only the free lipid fraction from rice milk preserved Caco-2 viability
after LPS stimulation. The lipid profile of each milk could dictate its biological effects.

Extra-virgin olive oil (EVOO) is a crucial functional food due to its bioactive com-
pounds and numerous biological activities [17,18]. The lipid and unsaponifiable fractions
of EVOO reduce oxidative stress, acting on various body components [19]. The residual
by-products of the olive oil production process contain significant amounts of antioxidant
molecules, making it an excellent example of the circular economy. The olive mill
wastewaters, leaves, pomace, and pits discharged from EVOO production are partially
recycled in nutraceutical and cosmeceutical fields due to their antioxidant effect. In their
comprehensive review, Mallamaci et al. provide an overview of the biological activities of
these by-products, as shown by in vitro and in vivo assays, clinical trials, and current
market formulations (contribution 9).

Terrestrial and aquatic photosynthetic organisms are an incredible source of natural
products with a variety of interesting properties [20]. In their review article, Pradhan and
colleagues presented the main phytochemicals extracted from marine algae, such as pep-
tides, carbohydrates, and polyphenols, and their potential beneficial effects in fighting
cancer, diabetes, and inflammatory diseases (contribution 10). In addition, a research
study by the same group investigated the therapeutic potential of Enteromorpha intestinalis
extracts from methanol, ethanol, and hexane under contrasting oxidative stress conditions
(contribution 11). The total phenolic and flavonoid content was quantified, with ethanol
yielding the best values. The extracts from protic and more polar solvents also showed
the best antioxidant potential in several radical scavenging assays, with a concentration-
dependent activity. The methanolic extract showed antidiabetic capacity with ICso values
of 3.8 pg/mL, almost as low as those obtained with acarbose. It also showed remarkable
anti-inflammatory effects, with respectable ICso values comparable to commercially used
drugs like acetylsalicylic acid.

Healthcare-associated infections (HAIs) are a global public health issue, with multi-
drug-resistant (MDR) microorganisms being the most prevalent [21]. In this regard, oxi-
dative stress could be considered an approach to treat MDR bacteria [22]. A study by
Rangel et al. examining the bactericidal effect of ozone gas on various bacteria found that
high concentrations of ozone inhibited the growth of all tested strains, reducing colony
count and cell viability (contribution 12). This suggests that ozone-based decontamination
approaches may be the future of hospital cleaning methods, as the widespread use of
ozone in ICUs can help dampen the impact of HAIs.

Islam et al. examined the impact of prolonged storage of adult retinal pigment epi-
thelial (ARPE-19) cell sheets on their metabolism, morphology, viability, and phenotype
(contribution 13). The cells were stored at different temperatures (4 °C, 16 °C, 37 °C) for
three weeks. The results showed that storage at 37 °C increased lactate production and
glucose consumption, while pH dropped. Morphology deteriorated at 4 °C, 37 °C, and 16
°C, while viability was best preserved at 16 °C.

Cystic fibrosis (CF) patients experience higher oxidative stress, leading to increased
reactive oxygen species (ROS) and a deficit of antioxidant molecules, which contributes to
chronic lung damage [23]. Despite recurrent infection—inflammation cycles in CF patients
generating a highly oxidative environment, studies suggest that the airways of CF patients
present an abnormal proinflammatory milieu due to elevated oxidative stress and abnor-
mal lipid metabolism. This could be related to cystic fibrosis transmembrane conductance
regulator (CFTR) deficiency, which produces a redox imbalance in epithelial cells and ex-
tracellular fluids. Moliteo et al. reviewed and explained the main mechanism by which
CFTR deficiency is responsible for the proinflammatory environment in CF lung patients
and its potential as a therapeutic target (contribution 14).

Taken together, all these contributions provide an overview of the impact of oxida-
tive stress on several aspects of human health and suggest different potential therapeutic
approaches to its reduction.
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