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Oxidative stress is a state in which oxidants are produced in excess in the body’s
tissues and cells, resulting in a biological imbalance amid the generation of
reactive oxygen and nitrogen species (RONS) from redox reactions. In case of
insufficient antioxidants to balance, the immune system triggers signaling
cascades to mount inflammatory responses. Oxidative stress can have
deleterious effects on major macromolecules such as lipids, proteins, and
nucleic acids, hence, Oxidative stress and inflammation are among the
multiple factors contributing to the etiology of several disorders such as
diabetes, cancers, and cardiovascular diseases. Non-coding RNAs (ncRNAs)
which were once referred to as dark matter have been found to function as
key regulators of gene expression through different mechanisms. They have
dynamic roles in the onset and development of inflammatory and oxidative
stress-related diseases, therefore, are potential targets for the control of those
diseases. One way of controlling those diseases is through the use of natural
products, a rich source of antioxidants that have drawn attention with several
studies showing their involvement in combating chronic diseases given their
enormous gains, low side effects, and toxicity. In this review, we highlighted
the natural products that have been reported to target ncRNAs as mediators of
their biological effects on oxidative stress and several inflammation-associated
disorders. Those natural products include Baicalein, Tanshinone IIA, Geniposide,
Carvacrol/Thymol, Triptolide, Oleacein, Curcumin, Resveratrol, Solarmargine,
Allicin, aqueous extract or pulp of Açai, Quercetin, and Genistein. We also
draw attention to some other compounds including Zanthoxylum bungeanum,
Canna genus rhizome, Fuzi-ganjiang herb pair, Aronia melanocarpa, Peppermint,
and Gingerol that are effective against oxidative stress and inflammation-related
disorders, however, have no known effect on ncRNAs. Lastly, we touched on the
many ncRNAs that were found to play a role in oxidative stress and inflammation-
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related disorders but have not yet been investigated as targets of a natural product.
Shedding more light into these two last points of shadow will be of great interest in
the valorization of natural compounds in the control and therapy of oxidative
stress- and inflammation-associated disorders.
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1 Introduction

Oxidative stress (OS) is a state in which excess oxidants are
produced in the body’s tissues and cells, resulting in a biological
inequality between the generation of (RONS) from redox reactions
and the antioxidant defense system. OS comes into effect in the body
when there is an imbalance between free radicals and antioxidants
(Michael, 2020). Reactive oxygen species (ROS) can be generated
from oxygen radicals like Superoxide radicals (O2

•−), hydroxyl
radicals (•OH), peroxyl (RO2

.), and alkoxyl (RO-) as well as
non-radical molecules which are easily oxidized like ozone (O3),
hydrogen peroxide (H2O2, singlet oxygen (1O2), hypochlorous acid
(HOCL), (Gabriele et al., 2017) formed during normal aerobic
metabolism in the body. They are generated from sources like
the mitochondria, cytosol, plasma membranes, and peroxisomes
and are important for tissue and cell physiological balance targeting
most especially plasma membranes and macromolecules depending
on the cell type and degree of exposure (Joye et al., 2004; Aylan and
Metin, 2015). The antioxidant defense is made up of enzymes like
superoxide dismutase, peroxidases lipases, and proteases as well as
non-enzymatic systems including glutathione, thiols, and vitamins
C and E (Niki, 1997). These antioxidants can be endogenous as well
as exogenous and work as preventive, repair, and radical scavenging
systems for defense from oxidative stress (Joye et al., 2004). In the
right concentrations, ROS are useful in tissue repairs, angiogenesis,
and cell proliferation (Yasuda et al., 1999) but when they are in high
concentrations, they cause apoptosis and cell death, mutagenesis,
carcinogenesis, and mitochondrial dysfunction (Juan et al., 2021).
On the other hand, reactive nitrogen species (RNS) are molecules,
for example, nitric oxides (NO), nitrogen dioxide (NO2), and
peroxynitrite (ONOO.) (Klebanoff, 1980). Nitric oxide (NO.) is
synthesized from l-arginine and molecular oxygen (O2). This is
catalyzed by the nitric oxide synthase enzyme. On the other hand,
NO. and O2

.- react spontaneously and rapidly to produce
peroxynitrite (ONOO−) which can be detoxified by isomerization
to nitrate (NO3

−) (Lugrin et al., 2014).
Given their highly reactive nature which is ascribable to the

availability of valence shell electrons existing in an unpaired form or
non-static bonds, and the inability of the antioxidant repair and
preventive mechanisms to balance these ROS, they are able to cause
cell and tissue damage (oxidative stress). This happens when they
react with macromolecules such as proteins, nucleic acids, and
carbohydrates by impacting various signaling pathways like the
mitogen-activated protein kinase (MAPKs), Keap-1-Nrf2-ARE,
and PI3K-Akt (Nayansi et al., 2017). These reactions often take
place during environmental stress from radiation, diet, lifestyle, and
exposure to heat molecules (Ray et al., 2012). A consequence of such
reactions is their implication in accelerated aging, and pathologies
such as autoimmune diseases, cardiovascular diseases, fibrotic

diseases, infectious diseases, obesity, and cancers (Brieger et al.,
2012).

Due to some of these pathogenic diseases which are associated
with oxidative stress, the release of inflammatory stimuli, and signals such
as peroxiredoxin 2 (PRDX2) (Salzano et al., 2014), the inflammatory
process is triggered as a defense mechanism. This results in the pro and
anti-inflammatory cytokines emission like the Nuclear Factor-kappa B/
active protein-1 (NF-κB/AP-1) and tumor necrosis factor-alpha (TNF-α)
(Hussain et al., 2016). Inflammation is the body’s natural defense against
injury, pathogens, and diseases from both endogenous and exogenous
sources (Pahwa et al., 2022). It can be acute when short-lived or chronic
when long-term andmarkedwith inflamed cell continuous infiltration by
white blood cells such as macrophages and lymphocytes. This is a
consequence of the body being on constant alert giving rise to the
production of inflammatory cytokines and enzymes causing cell damage.
As a result, there is a development of numerous disease conditions like
cardiovascular diseases, fibrosis, arthritis, and cancers which are themajor
causes of death worldwide (Khansari et al., 2009; Needham et al., 2019;
Pahwa et al., 2022). The course of inflammation is characterized by the
emancipation of cytokines, for example, TNF-α, IL-6, and RONS by
NADPH oxidase found on neutrophil surfaces in a process called
oxidative burst (Sharma et al., 2019) and hence depletion of
antioxidants (Ryan et al., 2004; Khansari et al., 2009). Inflammation
leads to the continuous production of ROS from inflammatory cells that
overwhelm cellular antioxidants and can cause genomic mutations and
extensive DNA damage (Coussens and Werb, 2002). To target the
deleterious effects of inflammation and oxidative stress, regulation at
the transcriptional and posttranscriptional levels has been targeted in
recent years as they present a vast array of possibilities for gene expression
control through the action of non-coding RNAs (ncRNAs).

Non-coding RNAs (ncRNAs), once referred to as dark matter,
are RNA genes transcribed from DNA but not translated to proteins
(Moreira et al., 2008). They are made up of housekeeping ncRNAs
such as transfer RNA (tRNA) of 76–90 nucleotides (nt) in length,
ribosomal RNA (rRNA) 120 to 4,500 nt, small nuclear RNA
(snRNA) 100–300 nt, small nucleolar RNA (snoRNA) 60 to
400 nt, telomerase RNA (TERC), tRNA-Derived Fragments (tRF)
16–28 nt and tRNA halves (tiRNA) 16–28 nt (Zhang and Niu, 2019).
These housekeeping ncRNAs are highly abundant in cells due to
their functions which range from translation, pre-mRNA splicing,
trans-translation and telomeric DNA synthesis (Lodish et al., 2000;
Uchida and Adams, 2019). On the other hand, regulatory ncRNA
production is dependent on the stage of the organism’s development
and cell differentiation. In addition, production is equally dependent
on external stimuli. They include microRNA (mRNA) with lengths
from 19 to 23 nt, piwi-interacting RNA (piRNA) 26–31 nt, circular
RNA (circRNA) 100–10,000 nt, small interfering RNA (siRNA),
enhancer RNA (eRNA) 50–2,000 nt (Gusic and Prokisch., 2020).
These riboregulators as they are sometimes called (Erdmann et al., 2001)
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function mostly in transcriptional and posttranscriptional regulation of
gene expression (Szyman’ski and Barciszewski, 2002). Generally, all
regulatory ncRNAs with length <200 nt are referred to as short
ncRNAs with miRNA being the most abundant (Lagos-Quintana
et al., 2001) while >200 nt are long ncRNAs (lncRNAs) which are the
most abundant RNAs. lncRNAs have characteristics similar to mRNAs
such as the presence of polyadenylated tail, methylated cap at 5′ end, and
presence of introns and exons (Gusic and Prokisch, 2020), however, their
level of expression is low and depends on a number of factors such as the
physiological state, pathological state and tissue-dependent expression
(Kornienko et al., 2016; Fazal et al., 2019). lncRNAs interact with nucleic
acids to control gene expression at the level of the cytoplasm and nucleus
giving them diverse functions such as enhancers, decoys, scaffolds,
sponges (Charles et al., 2018) and more complexity (Esteller, 2011;
Statello et al., 2021). ncRNAs regulate gene expression through
histone modifications, DNA binding and recruitment of chromatin
modifiers, heterochromatin formation, and gene silencing (Latronico
and Silveira, 2018) and their differential expression has been observed in a
variety of disorders. Owing to these outstanding features of ncRNAs, they
present themselves as a propitious area that is being targeted for
diagnostic and therapeutic purposes.

Natural products (NP) and their derivatives have been used for
various disorders like diabetes, cancers, obesity, neurological
disorders, and so on (Abdullah, 2020). They are organic
compounds produced by living organisms such as insects, plants,
animals, humans, marine, and microorganisms from secondary
metabolism (Lippincott and Wilkins, 2020). They are classified
into primary and secondary metabolites having antibacterial,
antioxidant, antiviral, and anti-inflammatory properties (Dutta
et al., 2019) and are used in both traditional and modern
medicine for disease treatment. They are relatively low in cost,
readily available, easy to apply, and of lesser side effects, (Dutta et al.,
2019). Although usage of natural products is limited by extinction
and/or inaccessibility of some species from which they are derived,
complex and time-consuming isolation process and high complexity
and instability of compounds found in NP (Enna et al., 2001; Huang
and Hu, 2021), they are still advantageous in their relatively low
costs, availability, easy application and of lesser side effects, (Dutta
et al., 2019). Natural products have the ability to penetrate just as
easily and reach their targets within or on the cell. Thanks to their
diversity, NP possess new and innovative strategies that can aid in
novel drug discovery (Dzobo, 2022). These have attracted
researchers more towards their exploitation in disease therapy
thereby bringing us to the purpose of this review which is aimed
at highlighting some of the natural products that modulate the
expression of ncRNAs involved in oxidative stress and
inflammation-related disorders.

2 Disorders associated with oxidative
stress and inflammatory imbalance

2.1 Disorders associated with oxidative
stress

Oxidative stress is an abnormal state that the cells or tissues of an
organism sometimes go through when they are subjected to
endogenous or exogenous production of radical (or reactive)

oxygen species that exceed their oxidizing capacity (Migdal and
Serres, 2011).

Depending on the excessive production of oxygen radical species
or a decrease in antioxidant capacities, oxidative stress can, through
genomic, metabolic, and functional modifications, induce the
development of different pathologies (Roy et al., 2017). It can
therefore be a secondary element involved in the establishment
of a disease or an element participating in the complications of
immune diseases. It is not only implicated in the progression of
several metabolic diseases such as type 2 diabetes (Giacco and
Brownlee, 2010) and gestational diabetes mellitus (Lopez-Mejia
and Fajas, 2014), but also in the development of age-related
diseases, for example, atherosclerosis (Migdal and Serres, 2011),
cancer (Kamal et al., 2022), cataracts, muscle degeneration,
neurodegenerative diseases (such as Alzheimer), corneal
dystrophy (Eddaikra and Eddaikra, 2021). Also, oxidative stress is
implicated in heart failure, hypertension, infertility (Ménézo et al.,
2012), and neuromuscular disorders (Mezdour et al., 2017).

In addition, it has been demonstrated that in most cases,
oxidative stress is the cause of chronic inflammatory reactions,
thus promoting the development of several diseases and vice versa.

2.2 Disorders associated with inflammatory
imbalance

Inflammation is the body’s natural defense when in contact with
harmful stimuli such as pathogens, irritants, and damaging cells.
This mechanism initiates the healing process (Aghasafari et al.,
2019) and is found in various metabolic diseases (Rémy et al., 2022),
microbial, and genetic diseases, amongst others. The overexpression
of this mechanism through the excessive production of
inflammatory mediators can be at the origin or partake in the
onset and progression of various diseases.

The presence of chronic inflammation contributes to the
progression of certain diseases like type 2 diabetes (Donath,
2021), cancers, cardiovascular diseases, atherosclerosis (Castellon
and Bogdanova, 2016), the pathogenesis of hypertension (Liang X.
et al., 2020), and inflammatory bowel diseases (for example, Crohn’s
disease and recto -hemorrhagic colitis) (Calle and Fernandez, 2012).
In certain pathologies such as renal failure where patients are
constantly on dialysis, oxidative stress is coupled with chronic
inflammation, making the healing process of these dialysis
patients even more complicated (Belaïch and Boujraf, 2016).

2.3 Relationship between inflammation and
oxidative stress

Oxidative stress and inflammation are strongly related and
associated with major diseases such as obesity, diabetes,
cardiovascular and neurodegenerative diseases, so much so, that
if one is the major event in a disorder, the other will come later as a
consequence and accentuate the former. Oxidation of
macromolecules like proteins and lipids during oxidative stress
cause modifications which trigger innate immunity by acting as
damage-associated molecular patterns (DAMPs) and pathogen
Associated Molecular patterns (PAMPs) which bind to Pattern
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Recognition Receptors (PRR) like toll-like receptor (TLR) that lead
to signal transduction thereby activating factors of transcription like
NF-κB and trigger inflammatory signals by inducing gene
expression and recruiting immune cells (Tabas and Glass, 2013;
Lugrin et al., 2014).

Furthermore, TLR has also been found to cause oxidative
stress through the unbalanced production of proinflammatory
and anti-inflammatory cytokines (Lavieri et al., 2014). Marseglia
et al. demonstrated that levels of TNF- α are deregulated in
weight loss and obesity, influencing the immune system, and the
inflammatory process and inducing oxidative stress. OS is
achieved through the production of ROS when TNF-α binds
specifically to some receptors thereby promoting the NF-κB
signaling pathway (Wang and Trayhurn, 2006; Marseglia
et al., 2014). The latter equally states that the accumulation of
adipose tissues also favors the synthesis of cytokines like TNF-α,
IL-1, and IL-6 leading to the increased assembly of RONS by
monocytes and macrophages which cannot be balanced by
antioxidants due to their depletion in obese people thereby
promoting oxidative stress. Inflammation from NF-κB
pathway activation has also been found to be triggered by
ROS-induced DNA-base modifications. In this situation,
oxidative stress renders the redox potential oxidized at the
level of cysteine and disulfide cysteine in plasma. This further
causes the linkage of monocytes to endothelial cells thereby
activating NF-κB and causing inflammation (Iyer et al., 2009).

Moreover, inflammation is able to trigger oxidative stress
through the release of enzymes, reactive species, and chemical
mediators such as cytokines and nitric oxide at inflammatory
sites (Subrata, 2016). In lung cancer, for example, increased
expression of NADPH oxidase 4 (NOX4) by IL-6 which is an
inflammatory cytokine induces ROS production (Li et al., 2015).
Yongzhong et al. in their experiment were able to demonstrate that
the production of H2O2 which was dependent on activation of both
the Stat1-and NF-κB pathways by human pancreatic cancer cell lines
was enhanced by the IFN-γ and LPS pro-inflammatory stimulated
transcription of Duox2 and DuoxA2 (Yongzhong et al., 2013).
Furthermore, the development of dysplasia has been linked to
the production of ROS resulting from inflammatory infiltration.
The production of ROS and inflammation have equally triggered the
development of benign polyps into colorectal cancers when they
impair pathways such as the Wnt/-catenin and/or base excision
repair pathway (Zhao et al., 2022). Hence it is important to look at
the course of oxidation in pathology with inflammation as the
primary pathophysiological process and vice versa as these two
turn out to be related. This offers a better chance to discover the
cause of the pathology and increases the chances of better treatment
or management.

3 Non-coding RNAs

3.1 Classification of non-coding RNAs

Non-coding RNAs (ncRNAs) are non-protein coding genes that
can either be regulatory or housekeeping based on their functions.
Regulatory ncRNAs have epigenetic functions, transcriptional, and
post-transcriptional regulatory functions as well. Several types of

ncRNAs exist ranging from snoRNA, snRNA, tRNA, rRNA,
lncRNAs, and short ncRNAs like miRNAs, siRNAs, and piRNAs.

3.2 Non-coding RNAs involved in oxidative
stress and inflammation-related disorders

Oxidative stress induces exaggerated inflammatory reactions
and damage to lipids, proteins, and nucleic acids or causes
damage to certain tissues that can lead to complications. Several
studies suggest that non-coding RNAs may function as key
modulators in the response to oxidative stress and inflammation
associated with pathological states (Ghafouri-Fard et al., 2020) with
a good number of them investigated with natural products as shown
on Table 1.

3.2.1 Short non-coding RNAs
Studies have shown various circular RNAs (circRNAs) that are

regulated by oxidative stress and mediate ROS production as well as
promote ROS-induced cell death, cell apoptosis, and inflammation
(Li Y et al., 2020; Liang J et al., 2020). Some circRNAs implicated in
oxidative stress and inflammation-related disorders are circ-
PRKCA, circ-ZNF83, circ-PLEKHM3, circ-FNDC3B, circ-102115
circSATB2 and circFOXM1 on which natural products modulation
have been investigated in cancers and other disorders (Jiabin et al.,
2019; Ji-An et al., 2021; Sifan and Fang, 2021; Xiaoqing et al., 2021;
Zhang W. et al., 2022).

MicroRNAs (miRNA); with lengths between 20 and 24bp are
single-stranded ncRNA with diverse functions ranging from
activation or suppression of gene expression and also the control
of transcription and translation. Several reviews have outlined the
role of miRNAs in oxidative stress and inflammation-related
disorders such as Tahamtan et al. (2018); Konovalova et al.
(2019); Infante-Menéndez et al. (2023). Recent study aimed at
identifying RNAs involved in the regulatory processes in various
pathologies related to inflammatory disorders reveal miR-20b, miR-
149, miR- 21, miR-150-5p, miR-663 involvement in cardiovascular
diseases, miR-126-5p in rheumatoid arthritis, miR-146, miR-124,
miR-16–1, miR-132, miR-145 in inflammatory bowel disease
(Zhang S. et al., 2021). Furthermore, miR-20a is involved in the
modulation of inflammation in fibrosis-related diseases (Zhou et al.,
2020). In the case of cancer, numerous miRNAs have been
highlighted to be involved in different types of cancers (Table 1)
such as miR-122-5p, miR-200 family, miR-205, miR-145 in breast
cancers, miRNA promoter (such as miR-137, miR-9, miR-let-7)
hypermethylation enhances the development of colorectal cancer
(Venkatadri et al., 2016).

3.2.2 Long non-coding RNAs
A lot of research has been carried out so far on long non-coding

RNAs (lncRNAs) involved in oxidative stress and inflammation-
related disorders with some already existing reviews such as those of
Wang Y. et al. (2019); Soudeh et al. (2020); Kalhori et al. (2021); Xu
and Zhang (2022); as well as Zhao et al. (2021) which outline
lncRNAs with some of their mechanisms of action in oxidative stress
and inflammation-related disorders. This section reviewed a few
which have been investigated with natural products and expressed in
disorders such as diabetes, cancers, autoimmune diseases, and
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neurodegenerative diseases (Parkinson’s diseases and Alzheimer’s
diseases) with more equally found in Table 1.

MALAT-1 is involved in oxidative damage and complications
related to diabetes such as diabetic nephropathy, vascular
complications and diabetic retinopathy, and diabetic cataract. As
its name suggests, it has been demonstrated that MALAT-1has an
oncogenic role in various cancers, where it has been found in
upregulated levels in the renal cortexes of C57BL/6 mice with

streptozocin-induced type 1 diabetes (STZ) (Hu et al., 2017). The
work of Hu et al. revealed that there is a mechanism of retroactive
regulation between MALAT-1 and beta-Catherine related to
podocyte damage caused by high amounts of glucose (Hu et al.,
2017). In addition, the silencing of MALAT-1 induces a fall in the
regulation of OS and inflammatory reactions in the kidney of
diabetic mice. Furthermore, MALAT-1has a negative regulatory
action on miR let-7f and increases the krüppel-type factor 5

TABLE 1 Non-coding RNAs modulated by Natural Products in Oxidative Stress and Inflammation Related Disorders

Disorder Non-coding RNA modulated by natural products References

Cancers (lncRNAs) GAS5, HOTAIR, H19, RPI-179N6.3, MUDENG, AK056098, AK294004,
AF086415, AK095147, HIF-1α, FOXM1, PCGEM1, AT102202,
HOTAIR, DBH-AS1, PCGEM1, PRNCR1, PCAT29, AK001796,
MALAT1, u-Eleanor, LINC00978, CCAT1, lncRNA BDLNR, NKILA,
PAX8-AS1-N, CASC2, MEG-3, GAS-5, MHRT, NEAT1, WDR7-7,
EWSAT1, lncRNA00364, MIR210HG, CFLAR-AS1, UBL7-AS1,
MIR210HG, PAX8-AS1-N, WDR7-7, EWSAT1, lncRNA-PVT1, linc-
PINT, lncRNA-ROR, XIST, Tusc7, lncRNA-NBR2, lncRNA-UCA1,
SOX2OT V7, LINC00511, SPRY4-IT1, lncRNA-TTTY18, C3orf67-AS1,
RFX3-AS1, STXBP5-AS1, BANCR, TUG1, PCAT29, ZFAS1,
LINC01116, Loc344887, lncRNA circ-PLEKHM3, STAT5A, STAT3,
PTTG3P, BISPR, CRNDE, PCAT1, PVT1, SNHG16, SNHG7, ZRANB2-
AS2, CDKN2B-AS1, ZFAS1, FLJ36000, ST70T1, MRAK052686,
MIR155HG, GUCY2GP, LINC00623, H2BFXP, PANDAR, RP1-
179N16.3, ZRANB2-AS2, DIO3OS, AK001796, ANRIL, LINC01121,
HULC, TERRA, LINC00261

Yan et al. (2015), Al Aameri et al. (2017), Beaver et al. (2017),, Palmieri et
al. (2017), Saghafi et al. (2019), Chen et al. (2021a), Chen et al. (2021b),
Irshad and Husain (2021), Kalhori et al. (2021), Ma et al. (2021), Mishra
et al. (2021), Ruiz-Manriquez et al. (2021), Cesmeli et al. (2022), Giordo
et al. (2022), Sadegh et al. (2023)

Cancers (circRNAs) circ-PRKCA, circ-ZNF83, circ-PLEKHM3, circ-FNDC3B, circ-102115,
circSATB2 and circFOXM1

Li et al. (2022), Xiaoqing et al. (2021), Ji-An et al. (2021), Sifan and Fang
(2021), Li et al. (2021), Bowen and Joong (2016), Daoqi et al. (2020),
Jiabin et al. (2019), Zhang R. et al. (2021)

Cancers (miRNA) miR-122-5p, miR-34a, miR-424, miR-503, miR-125b-5p, miR-200c-3p,
miR-409-3p, miR-122-5p, miR-542-3p, miR-17 family, miR-96, miR-
221, miR-520h, miR-16, miR-210, miR-7–1, miR-99a, and miR-21a,
miR-98-5p, miR-92, miR-93, miR-106b, miR-141, miR-143 miR-663,
miR-200c, miR-25, miR-92a-2, miR-103–2, miR-103–1, miR-222, miR-
let 7, miR-27a, miR-125b, miR-21, miR-200b, miR-200c, miR-let-7c,
miR-let 7b, miR-let 7d, miR- 146a, miR-140, miR-29a, miR-155, miR-
27a, miR-19a, miR-19b, miR-32-5p, miR-214-3p, miR-134, miR-512-5p,
miR-21-3p, miR-21-5p, miR-130a, miR-27a, miR-491, miR-141, miR-
101, miR-429, miR-409-3p, miR-20a, miR-34c, miR-145, miR-31, miR-
137, miR-221/222, miR-126, miR-15a, miR-186, miR-451a, miR-370,
miR-373, miR-526b, miR-375, miR- 487b, miR-7f-1, miR-9, miR-203,
miR-328, miR-1, miR-3p, miR-1260b, miR-1290, miR-196b, miR-124,
miR-30e, miR-10a, miR-663, miR-744, miR-126-3p, miR-720, miR-
1280, miR-128, miR-453, miR-494, miR-let-7a, miR-let-7e, miR-let-7f,
miR-522-3p

Ahmad et al. (2012), Parasramka et al. (2013), Yu et al. (2013), Shakir
et al. (2014), Dhar et al. (2015), Sanjeev et al. (2015), Venkatadri et al.
(2016), Wu and Cui (2017), Abbasi et al. (2018), Geng et al. (2018), Chen
et al. (2021a), Chen et al. (2021b), Ma et al. (2021), Ruiz-Manriquez et al.
(2021), Yao et al. (2021), Javaid et al. (2022)

Sepsis MALAT 1 Wang W. et al. (2021)

Diabetic nephropathy miR-18a-5p, miR-33, miR-122, miR-363-3p Xu et al. (2017), Shu et al. (2020)

Obesity miR-155, miR-539-5p Gracia et al. (2016), Eseberri et al. (2017)

Asthma miR-34a Alharis et al. (2018)

Liver Fibrosis miR-20a Zhu et al. (2020)

Multiple Sclerosis miR-124 Gandy et al. (2019)

Rheumatoid arthritis Linc00052, MALAT 1, miR-126-5p Mishra et al. (2019)

Cardiovascular diseases miR-29/B-2–5, miR-29, miR-181b, miR-21, miR-663, miR-30c2, miR-
155, miR-34a, miR-21, miR-20b, miR-27a, miR-9, miR-21, miR-638,
miR-150-5p, miR-204, miR-663, miR-149, miR-133, lncRNA sONE,
MALAT 1

Bladé et al. (2013), Mishra et al. (2019), Ren et al. (2020), Ramanujam
et al. (2021), Elham et al. (2022)

Inflammatory Bowel
Disease (IBD)

miR-124, miR-125b, miR-31, miR-126, miR-155, miR-214, miR-369-3p,
miR-191a, miR-132, miR-145, miR-17, miR-146, miR-16–1, miR-663,
miR-21

Zhang R. et al. (2021)
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(KLF5) (Chu et al., 2022). Krüppel-like factor 5 is able to bind
directly to the NADPH oxidase promoter4, which induces high
expression of NADPH oxidase (NOX)4 in human
AC16 cardiomyocyte cells thus contributing to oxidative
stress (Zhang H. et al., 2021). Therefore, MALAT1 could
cause OS in diabetic kidney tissue by KLF5/NOX4 signal
regulation. MALAT-1 is equally linked to diabetic
retinopathy and diabetic cataract. Almost all patients with
type I diabetes and 60% or more of type II diabetic patients
suffer from diabetic retinopathy during their lifetime (Kyriazis
et al., 2021). The role of MALAT-1 has been delineated in
diabetic retinas through experimental investigation on clinical
samples such as type I diabetes mice induced by streptozocin
(Fong et al., 2014) and type II diabetes mice (Yan et al., 2014).

HOX antisense intergenic RNA (HOTAIR) plays a role in
oxidative stress in high glucose-induced human mesangial cells
(HMC) through miR-147a (Wang et al., 2022). This lncRNA
could be linked to oxidative stress and inflammation associated
with neurodegenerative diseases such as Alzheimer’s and
Parkinson’s Diseases. It has been also reported as a key negative
modulator for oxidative stress in the myocardial ischemia-
reperfusion (I/R) injury (Meng et al., 2020). Rheumatoid arthritis
is another inflammatory disease in which HOTAIR has been found
to be upregulated leading to increased enrolment of macrophages or
by acting as a sponge on miR-126-5p. In sepsis, it has been found to
enhance the excretion of inflammatory cytokines IL-1β, IL-6, and
TNF-α, thereby reinforcing inflammation (Zhang J. et al., 2020).

Gene 3 expressed by the mother (MEG3), also known as gene
trap locus 2 (Gtl2), is located on chromosome 14q32.3 in locusDlk1-
Dio3 (Chen et al., 2021a; Chen et al., 2021b). Evidence has shown
that MEG3 interacts with several microRNAs involved in the
regulation of oxidative stress, such as miR181a and miR-145
(Shenouda et al., 2011; Deng et al., 2020). Its involvement has
also been reviewed by Hong et al. in bone diseases and
osteogenic differentiation (Hong et al., 2020).

Growth arrest-specific 5 (GAS5) enhances elevated glucose-
induced kidney damage by oxidative stress reduction and can
serve as a miR-221 sponge via direct and agonote2-dependent
targeting (Ge et al., 2019). Its sponging abilities equally link them
to miR-223-3p, to achieve their effect on inflammatory responses in
the microglia cells in Parkinson’s disease (Wei et al., 2020). In
addition, miR-221 is able to induce the downregulation of proteins
related to proliferation and fibrosis by targeting sirtuin1 (SIRT1)
which is a deacetylase protein that helps counteract oxidative stress
in various diseases, including diabetes (Baldinu et al., 2004; Meng
et al., 2020). In high glucose-induced human tubular cells, GAS has
been proven through its heightened expression to be an inhibitor of
the inflammatory and oxidative stress process by targeting miR-452-
5p (Xie L. et al., 2019). The same anti-inflammatory effect on
lipopolysaccharide-induced inflammation is seen in sepsis
through GAS 5 targeting of miRNA-23a-3p (Zhenping and Dan,
2021).

NEAT 1 has an oncogenic role in various cancers. It is involved
in the regulation of many other oxidative stress- and inflammation-
related diseases (Chen et al., 2019; Cui-Cui and Fang., 2019). Its
effect on inflammation is achieved through the NF- κB signaling
pathway. NEAT enhances oxidative stress by inhibiting antioxidant
enzymes such as SOD.

Other ncRNAs involved in oxidative stress and inflammation-
related disorders are circular RNAs such as circ-PRKCA, circ-
ZNF83, circ-PLEKHM3, circ-FNDC3B, circ-102115
circSATB2 and circFOXM1 on which natural products
modulation have been investigated on in cancers and other
chronic diseases (Zhang H. et al., 2022).

Much work has been done on ncRNA regulation by natural
products in cancers, however, the effect of natural products on
ncRNAs such as lncRNAs and circRNAs in other oxidative stress
and inflammation-related disorders including neurodegenerative
diseases, diabetes, obesity, liver and cardiovascular diseases still
warrant a lot of research. It is also important to explore these
aspects of research more on human subjects.

4 Natural products involved in oxidative
stress and inflammation-related
disorders

Natural products have different classifications, one of them
being the broad classification based on the structural features and
biosynthetic origin into alkaloids, polyphenols, phenylpropanoids
(which are phenylalanine derived), polyketides (from malonate and
acetate), and terpenoids (from isoprene, glycosides) (Osbourn and
Lanzotti, 2009; Phurpa, 2018) (see Table 2 below). The four main
sources from which natural products are obtained include; animals,
plants, marine organisms, and microorganisms (Jabeen et al., 2014),
and have a wide variety of uses in therapeutics. About 80%–90% of
the world’s population is dependent on traditional medicine derived
from natural products for primary healthcare and about 73% of
pharmaceutical drugs or products have been derived from them
(Phurpa, 2018). These products carry antioxidant, anti-
inflammatory, anti-cancerous, and immunomodulatory potentials
which could be exploited for the development of novel therapeutic
strategies.

4.1 Natural Product’s modulation of non-
coding RNAs involved in oxidative stress and
inflammation-associated disorders

Natural products and their secondary metabolites have been
used for decades as medicines either in combination with other
product(s) or as stand-alone medicine. Secondary plant metabolites
or specialized metabolites are a group of natural products or toxins
produced by the lifeforms and function in the survival and fecundity
of the entity. Phytochemicals possess biological characteristics such
as antioxidant, anti-inflammatory and anticancer properties and are
responsible for promoting health and preventing disease (Kashyap
et al., 2021). Based on their chemical structures, phytochemicals are
grouped into the following; phenols and polyphenols (e.g.,
quercetin, luteolin, genistein, resveratrol, calycosine, daidzein, and
genistein), nitrogen-containing alkaloids (e.g., berberine and
sanguinarine), terpenes (e.g., betulin), and sulfur compounds
(e.g., sulforaphane) (Yang et al., 2019) (Table 2). Several studies
especially on cancers have highlighted natural products in the
modulation of oxidative stress and inflammatory disorders
through their action on ncRNAs (Saghafi et al., 2019; Irshad and
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Husain, 2021; Kalhori et al., 2021; Piergentili et al., 2022) but more
research to unveil their in-depth mechanism of action is warranted
as well as their investigation in other oxidative stress and
inflammatory disorders. This review has been able to outline
some of these natural products and present a brief summary in
Table 3.

4.1.1 Baicalein
Baicalein (5,6,7-trihydroxy flavone) is a flavonoid compound

obtained from Scutellaria species. It has also been found to be present
in the Indian trumpet flower. Baicalein has properties like
neuroprotection, anti-inflammatory, and antioxidation. Baicalein
has been shown to exert its anticancer effects in melanoma
cancer cells by inhibiting the expression of CCAT1 (transcript
1 associated with colon cancer, its upregulation increases the
melanoma index). Baicalein may reduce cell invasion and
migration if inhibition of CCAT1 expression inhibits the MEK/
ERK andWnt/β-catenin pathway axis by reducing the expression of
the Wnt-3a, β-catenin, MEK, and ERK genes, in addition to
decreasing cell proliferation by increasing the percentage of
apoptotic cells (Yu et al., 2018). Baicalein may reduce κBα
phosphorylation inhibitors (IκBα) and nf-κ B activity by
increasing the expression of NKILA interacting with nf-κ B,
thereby inhibiting migration, proliferation, and inducing
apoptosis. LNCRNA-NKILA is a negative regulator of NF-κ B
activity and is downregulated in hepatocellular carcinoma (Wang
et al., 2017). Wang L et al.’s experiment in 2017 on rat intestinal cells

showed that pre-treatment with baicalein could reverse the effects of
TNF-α-induced expression of miR-191a, which would improve the
viability of rat small intestine epithelial cells (Pan et al., 2017).

4.1.2 Tanshinone IIA
Tanshinone IIA is a lipophilic diterpenoid medicinal herb

extracted from the roots of Salvia miltiorrhiza Bunge (Danshen).
It is used in the treatment of diseases like diabetes, sepsis, arthritis,
and cardiovascular diseases. Some research has been done on the
effects of Tan II on cancers like colorectal cancer where they are able
to exert their anti-inflammatory potential by reducing Hct116 and
Ht29 cell proliferation and inhibiting microRNA-155 (Tu et al.,
2012).

Furthermore, Tan IIA has been shown to reduce the level of
expression of some cytokines, chemokines, and acute phase proteins,
for instance, TLR4, MyD88, GM-CSF, sICAM-1, CXCl-1 and MIP-
1α (Cheng et al., 2018). In addition, it significantly inhibits the
mRNA expression levels of IL-1β, TNF-α, and COX-2, thereby
suppressing lipopolysaccharide-induced activation (LPS) of the
TLR4-NF-κ B pathway (Fan et al., 2016). Tan IIA has anti-
inflammatory activity by exerting a negative regulation on the
expression of miR-155, miR-147, miR-184, miR-29b, and miR-
34c. Moreover, Tan IIA performs a protective function in
atherosclerosis induced by Porphyromonas gingivalis by exerting
a negative regulatory action on the expression levels of miR-155
therebymarkedly reducing inflammatory factors like CRP, OX-LDL,
IL-1β, IL-6, IL-12, TNF-α, CCL-2, and MMP-2 (Xuan et al., 2017).

TABLE 2 Natural products, subtypes, and their therapeutic uses.

Natural
products

Sub products and origins Therapeutic activity References

Alkaloids Nitrogen containing compounds with an indole
ring. Isolated from plants, bacteria, fungi and
animals

Anaesthetic, antioxidant, anxiolytic, antimalaria
(quinine), anticancer (homoharringtonine),
cardioprotective, anti-inflammatory, analgesic
(morphine), antiasthma (epinephrine), stimulant
(nicotine)

Chaves et al. (2016), Kurek (2019)

Polyphenols - Non-flavonoids: Cucumin, from the turmeric
longa plant resveratrol from plants like (grape,
pomegranates, blackberries), lignans, phenolic
acids
- Flavonoids: Plant-based foods (rich in flavones,
flavonols, isoflavones, catechins, wogonine, etc.)
such as fruits, dark vegetables, dark chocolate, tea,
red wine, cereals. They are composed of 15 carbon
atoms, 2 phenyl rings and 2 heterocyclic rings

Anti-inflammatory, anticancer, immunomodulatory
effects, antioxidant, immunorestorative

Miranda et al. (1991), Chen et al.
(2004), Veronique and Christine
(2012), Singla et al. (2019)

Phenylpropanoids Sourced from fruits, vegetables, cereal plants,
beverages, herbs

Antioxidant, antidiabetic, anticancer, anti-
inflammatory, antimicrobials. Examples include
eugenol and cinnamaldehyde

Sharma et al. (2016), Khatkar and
Sharma (2019)

Polyketides Gotten from several organisms including
filamentous fungi. Synthesized by polyketide
synthase and similar to fatty acids. Some examples
include lovastatin from Aspergillus terreus,
Monascus ruber, T. virens and T. atroviride

Immunosuppressants, anticancer, antibiotics. For
example, lovastatin for hypercholesterolemia treatment,
emodine as an anti-inflammatory and anticancer,
chrysophanol as anticancer, antiulcer and
hepatoprotective

Smith and Tsai. (2007), Ahmed (2014),
Domitrović and Potočnjak (2016), Xie
C. et al. (2019)

Glycosides Isolated from plants (for example, digitalus
purpurea, helleborus, cotyledon) Observed in
amphibians (Bufonidea) and snakes (Rhabdophis
tigrinus), There are several types when subdivided
based on the nature of aglycone. For example,;
coumarin, athraquinone, cyanogens, flavonoids,
phenols, saponins

Treatment of heart failure and atrial arrhythmias
Aninflammatory, analgesics, antiinflammatory,
cardiotonic, antibacterial, antifungal, antiviral, and
anticancer effects

Soto-Blanco (2022)
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TABLE 3 A summary of Natural Products that Modulate Non-coding RNAs and its mediated effect in a given condition.

Natural
product

Source Action on disease
or condition

Effect on ncRNA ncRNA mediated effect Reference

Baicalein 7-D-glucuronic-5,6-dihydroxy-
flavone acid is a flavonoid
compound extracted from the root
of Scutellaria baicalensis

Anticancer effect on
melanoma cancer cells (CI
50: 50 μM, 24 h)

Inhibition of CCAT1 lcRNA
expression

inhibition of CCAT1 expression
reduce cell invasion and
migration by inhibiting the
MEK/ERK and Wnt/β-catenin
pathway axis by reducing the
expression of the Wnt-3a, β-
catenin, MEK and ERK genes

Yu et al. (2018)

Anti-cancer:
Hepatocellular carcinoma

Increase regulation of
NKILA.

Increased NKILA expression
reduces κBα phosphorylation
inhibitors (IκBα) and nf-κB
activity involved in the
development of hepatocellular
carcinoma. It also inhibits
migration, proliferation and
induces apoptosis

Wang et al.
(2017)

Tanshinone IIA Phenanthro [1, 2-b] furan-10, 11-
dione, 6, 7, 8, 9-tetrahydro-1, 6, 6-
trimethyl) is a lipophilic
diterpenoid extracted from the
root of Salvia miltiorrhiza

Anti-inflammatory Downregulation of the
expression of miR-155 in
colon cancer cell lines, miR-
147, miR-184, miR-29b and
miR-34c

LPS induced miR-155 over
expression is modulated by Tan
IIA through PU.1 regulation.
This reduces the risk of colon
cancer

(Tu et al.,
2012; Fang
et al., 2021)

Atherosclerosis induced
by Porphyromonas

gingivales

Downregulation of miR-146b
and miR-155

The downregulation of miR-
146b and miR-155 significantly
reduced the level of
inflammatory factors such as
CRP, OX-LDL, IL-1β, IL-6, IL-
12, TNF-α, CCL-2, CD40 and
MMP-2

Xuan et al.
(2017)

Geniposide (GEN, methyl (1S,4aS,7aS)-7-
(hydroxymethyl)-

1 [(2S,3R,4S,5S,6R)-3,4,5-
trihydroxy-6-(hydroxymethyl)

oxan-2yL] oxy-1,4a,5,7a-
tetrahydrocyclopenta [c]pyran-4-
carboxylate) is derived from
Gardenia jasminoides Ellis

Anti-inflammatory and
cardiomyocytic

Upregulation of miR-145
expression

Inhibition of the pro-
inflammatory factors IL-6, TNF-
α and MCP-1, and suppression
of the MEK/ERK pathway

Su et al. (2018)

Carvacrol/Thymol
Carvacrol Thymol

(5-isopropyl-2-methylphenol) and
thymol (2-isopropyl-5-
methylphenol) are isolated from
the essential oil of Origanum
vulgare L. and Thymus vulgaris

Anti-inflammatory in
allergic asthma

Upregulation of miR-155,
miR146a and miR-21

Upregulation of miR-155,
miR146a and miR-21 leads to
TLR 2, and TLR4 inhibition

Khosravi and
Alder (2016)

Triptolide Tripterygium wilfordii is the
thunder god vine from which
triptolide is produced. Triptolide is
an organic heterohepatacyclic
compound

Diabetic nephropathy Downregulation of miR-155-
5p through BDNF
upregulation and hence
inflammatory injury and
oxidative stress inhibition

miR-155-5p targets brain
derived neutrophic factor
(BDNF) which further reversed
inhibitory action of miR-155-5p
on triptolide protection on
podocyte injury in mice. Genes
COX-2 and IL-6

Gao et al.
(2022)

Oleacein 2-(3,4-dihydroxyphenyl) ethyl
(4Z)-4-formyl-3-(2-oxoethyl)
hex-4-enoate from Olea lancea

Anti-oxidant and anti-
cancer

Interacting with miRNAs
miR-193a-3p, miR-193a-5p,
miR-34a-5p, miR-16-5p,
miR-214-3p

Represses melanoma cell
proliferation via interaction with
microRNAs

Carpi et al.
(2020)

Curcumin Natural polyphenolic compound
extracted from turmeric longa

Anti-inflammatory,
antioxidant and anti-
cancer

Downregulation of
UCA1 lncRNA

Inhibits the proliferation and
promotes the apoptosis of cancer
cells

Wang W. H.
et al. (2018)

Hepatocarcinoma Inhibits the expression of
lincROR

Blocks Wnt/beta catenin
signalling pathway

Shao et al.
(2020)

(Continued on following page)
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4.1.3 Geniposide
Geniposide is derived from Gardenia jasminoides Ellis. It is a

medicinal iridoid glycoside compound with antidiabetic, anti-
inflammatory and antioxidant, and cardioprotective properties.
Studies performed on LPS-injured H9c2 cells have reported anti-
inflammatory and cardiomyocytic protective effects of geniposide. It
upregulates the expression of miR-145, inhibits the pro-inflammatory
factors of IL-6, TNF-α, and MCP-1, and then suppresses the MEK/
ERK pathway and at such inhibits apoptosis and promotes cell viability
(Su et al., 2018). In diffuse large B-cell lymphoma, geniposide is able to
knockdown lncRNAHCP5 thereby increasingmiR-27b-3p (a target of
HCP5) levels and so inhibiting cell proliferation and inducing
apoptosis in this condition (Hu et al., 2020).

4.1.4 Carvacrol/Thymol
Carvacrol or cymophenol and thymol (2-Isopropyl-5-

methylphenol) are monoterpenoid phenol isomers found in
thyme oil, pepperwort oil, and wild bergamot. These isomers
have antioxidant, antihypertensive, anticancer, and anti-microbial
properties. In chitin-induced models, Car/Thy had the potential to
suppress inflammation allergic asthma by upregulating miRNAs

and factors of inflammation such as; miR-155, miR146a, and miR-
21, promoter of pro-inflammatory cytokines. More so SOCS, SHIP1,
and miR-155 target and negatively regulate TLR-mediated
inflammation and are inhibited by chitin. Abnormal expressions
of TLR2, TLR4, SOCS1, SHIP1 andmiR-155, miR-146a, andmiR-21
can also be reversed by the combination of Car/Thy (Khosravi and
Alder, 2016).

4.1.5 Triptolide
Triptolide is derived from the medicinal herb Tripterygium

wilfordii, (Yang Y. Q. et al., 2018; Yuan K et al., 2019; Tamgue
et al., 2021). This triepoxyde diterpene has cytotoxic, anti-
inflammatory, and anticancerous activities. Cytotoxic activities of
triptolide have been highlighted in some tumors through induction
of necrosis and apoptosis, and cell cycle arrest in several cell lines
(Yang Y. Q. et al., 2018; Tamgue et al., 2021). The anti-inflammatory
activities of triptolide are achieved through mechanisms ranging
from the downregulation of NF-kb, p-TAK1, p-IκBα. It is able to
reduce OS and inflammation in podocyte injury in diabetic
nephropathy treatment through the downregulation of miR-155-
5p which targets brain-derived neurotrophic factors. AP-

TABLE 3 (Continued) A summary of Natural Products that Modulate Non-coding RNAs and its mediated effect in a given condition.

Natural
product

Source Action on disease
or condition

Effect on ncRNA ncRNA mediated effect Reference

Resveratrol Resveratrol (3,5,4′-
Trihydroxystilbene) is a
polyphenolic phytoalexin derived
from many plants such as grapes;
Peanuts, pine, vines

Anti-cancer Induction of tumor
suppressors miR-34a, miR-
424 and miR-503

Channel p53 Otsuka et al.
(2018)

Inflammatory, anti-
inflammatory pathways

miR-155 and miR-663 Latruffe et al.
(2015)

Acute kidney injury
induced by sepsis

Downward regulation of
Malat1 and miR-205

Inhibition of the lncRNA
MALAT1/miR-205 axis by
resveratrol

Wang B. et al.
(2021)

Antiinflammatory Increases miR-Let7A Song et al.
(2016)

Allergy asthma and
associated inflammation
in the lungs

miR-34 downregulation Overexpression of transcription
factor FOXP3

Alharris et al.
(2018)

Toxicity induced by
staphylococcal
enterotoxin B

Downregulation of miR
193-a

Activation of the anti-
inflammatory pathway

Alharris et al.
(2018)

Allicin Also known as diallyl thiosulfinate
Organic sulfur compound found
in onion and other allium plants

Oxidation and autophagy
in osteosarcoma

Upregulates
MALAT1 expression

Regulation of MALAT1 miR-
376a sponge expression via
MALAT1-miR-376a-Wnt/
B-Caterine signaling pathway

Xie et al.
(2022)

Berberine Berberine (5,6-dihydro-9,10-
dimethoxybenzo [g]-1,3-
benzodioxolo [5,6-a]
quinolizinium) is extracted from
the Chinese herb Coptis chinensis
(Huanglian)

Antidiabetic Modulation of miR-122,
miR-30, lncRNA
MRAK052686, lncRNA
MRAK080926

AMPK and JNK port targeting Chang (2017)

Omega 3 fatty acids The main three are
eicosapentanoic acid,
docosahaenoic acid, alpha-
linolenic acid Omega 3 fatty acids
are obtained from fish, nuts, seeds,
plant oils

Downregulation of
phosphate and tensin
homolog (PTEN) mRNA
in hepatocytes and lead to
onset of liver disorders

miR-21 upregulation Inhibition of miR-21 target
phosphatase and tensin
homolog (PTEN)

Vinciguerra
et al. (2009)
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1–controlled pro-inflammatory molecules such as TNF-α, IL-6, IL-
12, IL-1β, and Ptgs-2 are also downregulated by triptolide in several
cell types (Yang Y. Q. et al., 2018; Tamgue et al., 2021).

4.1.6 Oleacein
Oleacein is an olive secoiridoid alcohol. It is known for its anti-

inflammatory and antioxidant abilities which renders them a
potential treatment option for neuroinflammatory disorders.
Oleacein equally has anti-cancerous effects where it represses
melanoma cell proliferation by interacting with several
microRNAs like miR-193a-3p to target MCL1 and K-RAS, miR-
193a-5p, miR-34a-5p, miR-16-5p, miR-214-3p and their mRNA
targets encoding family proteins Bcl-2 and the mTOR pathway
which opposes cell survival, proliferation, and apoptosis (Carpi et al.,
2020).

4.1.7 Curcumin
Curcumin is a polyphenolic compound extracted from Curcuma

longa Linn. It has been demonstrated to have various properties such
as anti-cancer, anti-inflammatory, antimutagenic, and
antimicrobial, and is able to increase antioxidant production by
the body (Mirzaei et al., 2018). The anticancerous effects of
curcumin are portrayed by its ability to influence multiple
signaling pathways like the NF-kB, MAPK, PTEN, and
p53 which are all involved in the progression of cancers. For
instance, curcumin inhibits progression and promotes cancer cell
apoptosis by negatively modulating the lncRNA UCA1 (Wang R.
et al., 2018), it also upregulates microRNAs such as miR-502c, miR-
181b, miR-16, miR-15a, miR-146b-5p, and miR-132 while
downregulating others like miR-19a, miR-19b (Piergentili et al.,
2022). In hepatocarcinoma cells, it suppresses the expression of
lincROR and blocks theWnt/B-catenin signaling pathway activation
(Shao et al., 2020) while another study demonstrates that it inhibits
GAS5 expression in lung cancer by affecting major pathways such as
NF-kB and STAT3 (De Bacco et al., 2011). Furthermore, curcumin is
able through the miR-21/PTEN/Akt pathway, to reduce gastric
cancer cell line proliferation by inducing apoptosis (Qiang et al.,
2019). It is equally able to inhibit the expression of miR-21 and
upregulate miR-34a expression in gastric cancer cells.

4.1.8 Resveratrol
Resveratrol is a polyphenolic phytoalexin derived from many

plants such as grapes; groundnut, pine, and vine which revealed
anti-cancer effects (Rauf et al., 2018). There have been several
research demonstrating the regulation of ncRNAs by resveratrol
(Giordo et al., 2022). It inhibits breast cancer cell proliferation by
inducing the expression of tumor suppressor miRNAs (miR-34a,
miR-424, and miR-503) through the p53 pathway (Otsuka et al.,
2018) and lncRNA LINC00978 (Deng et al., 2016). The link between
resveratrol and lncRNAs correlation with inflammation and
oxidative stress is still being studied and its mechanism of action
is yet to be clearly understood. Resveratrol appears to have a
modulatory effect on miRNAs, among which are miR-155
involved in the inflammatory pathways, miR-663; an anti-
inflammatory ncRNA, and oncogenic miR-21 (Latruffe et al.,
2015). In addition, Malat 1 lncRNA and miR-205 were
downregulated in rats with resveratrol-treated sepsis-induced
acute kidney injury compared to rats not receiving treatment

(Wang B. et al., 2021), the same study suggests that inhibition of
lncRNA MALAT1/miR-205 by resveratrol has a protective function
in sepsis-induced acute kidney injury (Wang W. et al., 2021). Also,
miR-Let7A decreases inflammation by upregulation after resveratrol
treatment in human THP-1 macrophages (Song et al., 2016). The
negative modulatory effect of resveratrol on miR-34 attenuates
asthma allergy symptoms and associated inflammation in the
lungs of mice via overexpression of the transcription factor
FOXP3 (Alharris et al., 2018). Low regulation of miR-193-a by
resveratrol has a protective action against toxicity induced by
staphylococcal enterotoxin B by activation of anti-inflammatory
pathways in mice (Alharris et al., 2018).

4.1.9 Solarmargine
Solarmargine is a steroidal alkaloid glycoside derived from

solanum plant species such as Solanum nigrum with anticancer
activities (Kalalinia and Karimi-Sani, 2017). A study demonstrated
that solarmagine regulates miR-155-induced apoptosis by
repressing the expression of lncRNA HOXA1-AS and inhibits
cancer cell proliferation (Meng et al., 2022).

4.1.10 Allicin
Allicin or diallythiosulfinate is an organic sulphury compound

found in onion and other allium plants such as garlic. It is extracted
from the allium bulb and has anti-cancer, anti-inflammatory,
antibacterial, and anti-viral effects (Ba et al., 2019).
Physiologically, low doses of allicin have antioxidative effects in
atherosclerosis through low-density lipid protein oxidation. It
functions in the treatment of so many cancers like colorectal
cancers, breast cancers, and lung cancers through its
proapoptotic ability. Xie et al. were able to show that allicin was
able to reduce MALAT1 expression and hence inhibited
osteosarcoma proliferation and progression by targeting the Wnt/
β-catenin pathway thereby regulating the genes in this pathway.

4.1.11 Aqueous extract or pulp of Açai
Pulp of Acai is a source of polyphenols. Oxidative stress and

inflammation make up some of the underlying conditions that lead
to the advancement of non-alcoholic fatty liver disease. Acai pulp
has been investigated in this condition and shown to prevent the
oxidation of low-density lipoproteins (Pereira et al., 2016). Flavon
velutin is an active ingredient found in acai and has been reported to
act as an effective anti-inflammatory agent by blocking LPS-
mediated production of TNF-α and interleukin-6 thereby
inhibiting the activation of NF-κB and the MAPK pathway (Xie
C et al., 2012). These two pathways are involved in themechanism of
action of certain LncRNAs such as NKILA (Liu B et al., 2015). Also,
research has shown that acai can be useful against lung diseases. In
this condition, it is able to exert its antioxidative effects through an
inhibitory action on the NF-κB pathways and Nrf2/ARE pathway
stimulation.

4.1.12 Berberine
Berberine extracted from the Chinese herb Coptis chinensis

(Huanglian), is an isoquinoline alkaloid that has been known to
have antidiabetic effects by targeting pathways like the AMPK and
JNK pathways thereby regulating ncRNAs. Some ncRNAs regulated
by berberine include miR-122, miR-30, lncRNA MRAK052686,
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lncRNAMRAK080926 (Chang, 2017). By so doing, berberine is able
to reduce stress in the endoplasmic reticulum and overcome insulin
resistance (Chang, 2017). In type 2 diabetic patients, berberine has
been known to help in weight gain reduction, reduction of blood
lipid level production as well as antiglycaemic. Through hepatocyte
nuclear factor-4α (HNF-4α) inhibition, miR-122 expression has
been reported to decrease with the treatment of berberine. This
promotes a fall in expression levels of enzymes like PEPCK and
G6Pase involved in hepatic gluconeogenesis.

4.1.13 Quercetin
Quercetin is a pentahydroxy flavone from the group of

flavonoids of polyphenols. Plants containing this natural product
include; green tea, red wine, and onions. It is commonly used but not
limited to the treatment of heart conditions, diabetes, obesity, and
certain cancers where they have been found to dysregulate miR-16,
miR-145, MALAT-1, miR-155, miR-146a, miR-197, lncRNA
SNHG7 and miR-223 (Piergentili et al., 2022). Studies have
demonstrated that quercetin has a protective effect against free
radicals from smoking and lowers lncRNA DBH-AS1 expression
through antioxidant activities in hepatocellular carcinoma (Saghafi
et al., 2019). Quercetin is also a core anti-inflammatory molecule
with the ability to inhibit enzymes that are key regulators of the
inflammatory process acting on its mediators through their
influence on enzymes such as lipoxygenase and cyclooxygenase
(Xiao et al., 2011). It also functions in lowering levels of LDL
and increasing the dilation of major arteries which ease blood
flow thereby preventing heart diseases.

4.1.14 Genistein
Genistein (prunetol) is a tyrosine kinase inhibitor with a 4′,5,7-

trihydroxyisoflavone chemical structure. Genistein is an
isoflavonoid extracted from soybeans and fava beans. Genistein
has been known for various biological and therapeutic properties
for so many years. In tissue culture, for example, it is used as a
phytoestrogen to induce cell differentiation. Studies have
documented that genistein is able to reduce the severity of
histopathological changes in acute pancreatitis through the action
of its antioxidant, anti-inflammatory, and anti-apoptotic properties.
(Heubach et al., 2015; Prasong et al., 2022). Genistein has anti-
cancerous properties as seen in its ability to suppress the progression
of apoptotic cells in metastatic cancers and inhibit HOTAIR in renal
and prostate cancer (Imai-Sumida et al., 2017). It also downregulates
miR-34a in prostate cancer. It has also been widely researched in
their modulation of ncRNAs in cancers like miR-151, miR-221,
miR-222, miR-223 downregulation andmiR-34a, miR-573-3p, miR-
1296 upregulation in prostate cancers, miR-155 suppression in
breast cancers, miR-34a, miR-200 upregulation in pancreatic
cancer (Piergentili et al., 2022).

4.1.15 Omega-3 fatty acids
Omega-3 fatty acids are healthy polyunsaturated fatty acids that exist

primarily in food sources, especially oily fish. To date, there are several
controversial effects of omega-3 fatty acids on oxidants and antioxidants.
But that does not rule out their beneficial effects in lowering triglyceride
levels and rendering protection against neurodegenerative and cardiac
diseases through their anti-inflammatory, anti-allergic, and
cardioprotective properties. Studies conducted by a randomized

clinical trial (RCT) on patients reveal that omega-3 fatty acid
supplementation significantly improves decreased malondialdehyde
(MDA), total antioxidant capacity, and glutathione peroxidase
activity. Thus, rendering omega-3 fatty acids as factors amplifying the
antioxidant defense against ROS. (Javad et al., 2019). Omega- 3 fatty
acids are also involved in liver diseases by targetingmiR-21 which causes
PTEN degradation (Vinciguerra et al., 2009). In cancers, omega-3
unsaturated fatty acids have also been found to regulate apoptosis-
relatedmiRNAs such as miR- 17, miR- 26a, miR-200a, miR-323 (Visioli
et al., 2012).

The interaction of natural products with ncRNAs could be on
the basis of several natural products modulating one ncRNA; for
example, miR-21 regulation by sulforaphane, icariin, and
piceatannol (Irshad and Husain, 2021) or one natural product
having the potential of controlling several ncRNAs. The latter is
seen in an example like curcumin which has the ability to modulate
several lncRNAs such as H19, LINC00623, PVT1, PANDAR,
AF086415 (Mishra et al., 2019). Future research can equally
exploit the combined effects of some natural products on a
particular ncRNA in order to see if they react antagonistically or
synergistically in the moderation of a specific ncRNA of interest.

4.2 Natural products involved in oxidative
stress and inflammation-related disorders
with unknown effects on ncRNAs

4.2.1 Zanthoxylum bungeanum
Zanthoxylum bungeanum Maxim (ZBM) is plant species of the

Rutaceae family of traditional herbal medicine. It is widely found in Asia.
The mature pericarp of ZBM is used for the treatment of diseases and as
a spice Sichuan pepper used for cooking (Wang et al., 2020). It is a rich
source of chemicals with about 140 chemical compounds being isolated
from it including terpenoids, flavonoids, and alkaloids giving this
plant a very vast array of therapeutic and medicinal functions.
Antioxidant, anticancer, and hepatoprotective effects are found
in Zanthoxylum alkylamides and comprises α-, β- and γ
alkylamides (Ren et al., 2017). ZBM has been reported to
attenuate liver injury by activating nuclear factor-κB (NF-κB)
and mitogen-associated protein kinase (MAPK) signaling
pathways. This is accomplished through the inhibitory action
of phosphorylated p65/NF-κB, MAPK (including p38, JNK, and
ERK1/2), and activation of transcription factor 3 protein
expression, with further suppression of Bax, cytochrome c,
caspase-9 and caspase-3 (Zhang et al., 2018). ZBM also has
anti-inflammatory and anti-analgesic effects.

4.2.2 Canna genus rhizome
It is a plant used in the traditional environment for its anti-

inflammatory, analgesic and antipyretic properties. It is a rich source
of flavonoids, phytosterols and phenolic acids. CGE has been reported to
attenuate inflammation in ulcerative colitis by down-regulating LPS/
TLR4 signal pathways, cleaving caspase-1, NLRP3 decreased protein
expression, and NF-ҡB expressions (Mahmoud et al., 2021).

4.2.3 Fuzi-ganjiang herb pair
Fuzi and ganjiang are widely used in China, Korea, and Japan in

the treatment of ulcerative colitis (UC), vomiting, and heart failure
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TABLE 4 Non-coding RNAs involved in Oxidative stress and Inflammation related Disorders on which the Effect of Natural Products has not been Investigated.

Non-
coding
RNAs

Oxidative stress and/
or inflammatory
disease

Target of the ncRNA Action of ncRNA Model References

SnoRNA Cancers
-Non-small-cell lung
carcinoma
-Colorectal cancer
-Breast cancer
-Ovarian SNORD8

P53
Notch 1/c-Myc

Promote cell cycle arrest,
induce apoptosis and inhibit
cell proliferation by targeting
its pathways.
-Modulates the response of
p53 and promotes cell
proliferation.
-Promotes cell proliferation
when upgraded

Clinical cancer tissues and
breast cancer cell lines

Zhang L. et al. (2020a),
Zhang L. et al. (2020b),
Cui et al. (2021), Huang
et al. (2022)

siRNA Pulmonary Fibrosis
Cancers Human breast
cancer
Rheumatoid Arthritis

P53 Notch 1/c-Myc Bach 1
Notch 1
IL-1, IL-6, IL-18

Knockdown of Bach 1 (Bach
1 induces oxidative stress by
targeting NrF2)
-Down regulate Notch
1 expression hence increasing
chemosensitivity
-Increases chemoresistance
through Notch 1 knowckdown
siRNA targeted silencing led to
downregulation of
inflammatory and rheumatoid
arthritis autoimmune
components

Lungs of mice with bleomycin
induced pulmonary fibrosis
-Mice

Ye et al. (2012), He-da
et al. (2015), Liu et al.
(2017)

piwi RNA Lung cancer
-Liver cancer

mammalian target of
rapamycin
-piR-Hep 1 suppress cell
death

-Inhibit cell migration and
invasion by functional
maintenance of
phosphorylated erzin-radixin-
moesin
- piR-55490 suppresss cell
proliferation through 3′ UTR
binding to mammalian target
of rapamycin
-suppress cell death by
activating signal transducer
and activator of transcription 3
(Stat3)/Bcl-xL

Xi et al. (2020)

CircRNA
1. CircNCX1
2. CircACR
3. CircHIPK3

MiR-133a-3p
Glycogenesis pathway
miR-29a

Induces target 1 p53(CPIP1)
Induces the decrease in
glucose levels
miR-29a sponge

Cardiomycytic cells
SchwannRSC96 cell phone
Endothelial cells

Apoptosis of cardiomycytic
cells
Alleviates SchwannRSC96 cell
apoptosis excited by high
glucose content, autophagy
and ROS generation
Protects endothelial cells
from damage caused by
oxidative stress and vascular
dysfunctions in vitro

Li M. et al. (2018), Li Q.
et al. (2018), Liu et al.
(2019), Wang X. et al.
(2019)

miRNAs
1. miR-210
2. miR-330a
3. MiR-145

Atherosclerosis
Alzheimer’s Disease (AD)
Diabetic cardiomyopathy

caspase
VAV1, ERK1, JNK1,
P38MAPK and Aβ
Negative regulation of ARF6

An overexpression of miR-210
induces a Inhibition of
apoptosis and a reduction in
ROS and caspase levels in
HUVEC treated with H2O2
Reduces mitochondria
dysfunction and oxidative
stress
MiR-145 attenuated HG-
induced inflammatory
response and bone damage in
cardiomyocytes by
downregulating ARF6

Endothelial cells in the
human umbilical vein
(HUVEC)
AD mice
H9c2 cells

Banerjee et al. (2017),
Zhou et al. (2018), Zheng
et al. (2021)

SNHG16 Pneumonia miR-146a-5p JNK and NF-
κB pathways

promoting viability,
restraining apoptosis and
production of inflammatory
cytokines

restoring Csingle bondC
motif chemokine ligand 5
(CCL5) expression

Zhou et al. (2019)

MALAT 1 Diabetic kidney disease KLF 5 downregulation InhibitedMALAT1 suppressed
podocyte injury, oxidative

Diabetes mice Zhang X. L. et al. (2020)

(Continued on following page)
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for over 1,800 years (Huang et al., 2020). Fuzi-ganjiang contains a lot
of alkaloids and has been outlined for its anti-inflammatory
properties. Research carried out on DSS-induced mouse colon
tissue by Huang et al. showed that 6-gingerol which is an active
ingredient obtained after the combination of fuzi-ganjiang herb pair
was able to inhibit the production of MPO and suppress the
expression of inflammatory cytokines which in this case were
IFN-γ, TNF-α, IL-1β, IL-6, IL-10, and IL-17A. the expression
levels of inflammatory mediators like MPO, iNOS, and COX
mRNA are also suppressed by this combination. Moreover, the
MAPK, NF-κB, and STAT3 signaling pathways are also inhibited by
this combination of Fuzi-gangiang in order to accomplish its anti-
inflammatory activities (Huang et al., 2020).

4.2.4 Aronia melanocarpa
Generally used in the production of juices and jams. Another

name for it is black chokeberry and has been found to have
ethnopharmacological properties due to the richness in the
biologically active molecules of the natural product with

pharmaceutical and physiological effects (Li et al., 2022). In
obesity-induced inflammation in adipose tissue, Aronia extract
has been shown in vivo and in vitro, to inhibit phosphorylation
of the NF-kB pathway and P65. Extracts from this plant have been
found to possess hypolipidemic and antioxidative properties. For
example, anthocyanin-rich fraction from this fruit plant was able to
reduce the levels of ROS caused by high glucose through its
scavenging action in pancreatic β cells. The fruit juice of black
chokeberry has equally been shown to have hypoglycaemic
functions (Valcheva-Kuzmanova et al., 2007).

4.2.5 Peppermint
Peppermint (Mentha piperita L.) is extracted from the

peppermint plant and contains important compounds such as
menthol, iso-menthone, and neomenthol. It is used worldwide
for its anti-inflammatory, antioxidant, antiviral, antimicrobial,
and antibacterial activities among others (Sun et al., 2014). In
inflammatory bowel disease, one of its key components menthols
is able to decrease the production of inflammatory cytokines such as

TABLE 4 (Continued) Non-coding RNAs involved in Oxidative stress and Inflammation related Disorders on which the Effect of Natural Products has not been
Investigated.

Non-
coding
RNAs

Oxidative stress and/
or inflammatory
disease

Target of the ncRNA Action of ncRNA Model References

stress and inflammation in
renal tissues of DN mice

MEG 3 Obesity Diabetes mellitus
Diabetic nephropathy (DN)

Dynamin-related protein 1
(Drp1) miR-181 sponge

Impairs glucose homeostasis
and increases insulin resistance
MEG 3 knockdown relieves
renal dysfunction, glomerular
injury, promotes mitochondria
fission, albuminuria Direct
targeting in Ago2-dependent
manner on miR-181 which
targeted Egr-1, promoted MC
fibrosis and inflammatory
response

Diet induced mice Human
podocytes and
Meg3 podoyte-specific
knockdown mice Mesanglial
cells and DN rat models

Zha et al. (2019), Deng
et al. (2020), Zhang X. L.
et al. (2020)

GAS 5 Diabetic nephropathy (DN) miR-221 sponge targeting of
Sirtuin 1 matrix
metalloproteinase 9
(MMP9)

sirtuin 1counteracts oxidative
stress downregulation of
MMP9 by EZH2 to alleviate
inflammation and renal
interstitial fibrosis in the
kidneys

Mesanglial cells DN rats Ge et al. (2019), Huang
and Hu (2021)

lncRNA MIAT Diabetic rettinopathy Transforming growth
factor (TGF)

Upregulates TGF- β1signaling ARPE-19 cells Li et al. (2020)

LINC00638 Rheumatoid arthritis Inflammatory cytokines Overexpression of
LINC00638 activates Nrf2/
HO-1 pathway and decreases
IL-6, IL-17, IL-23, ROS levels

Peripheral blood
mononuclear cells (PBMCs)

Yanqiu et al. (2022)

H19 Diabetes miR-657 Reverses inflammation and
oxidative stress via miR-657
targeted inhibition of voltage
dependent eanion channel 1
(VDAC1)

Diabetic mouse Sun et al. (2016)

LINC01619 Diabetic nephropathy miR-27a Oxidative stress and podocyte
injury enhancement by
sponging on miR-27a, which
negatively targets FOXO1 and
activates ER stress

HG podocytes and diabetic
rats

Bai et al. (2018)
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IL-1, IL-6, IL-23, and TNF- α and free radicals in colonic tissues.
PEO is also able to enhance the upregulation of anti-inflammatory
cytokines in irritable bowel syndrome (Zhao et al., 2022). However,
indebt knowledge of the mechanisms of action in their various
pharmacological effects is still to be uncovered. This is of importance
due to the diverse use of these products universally giving reason to
believe that it holds an affluent potential if investigated in its ability
to target ncRNAs in oxidative stress and inflammation-related
disorders.

4.2.6 Gingerol
It is an amphiphilic phenolic lipid obtained from the ginger

rhizome. Its anti-inflammatory activities have been documented in
HDM-induced asthma in rats where 6-gingerol is able to cause a
decline in neutrophilic inflammation by reducing levels of •NO, IL-
6, TNF- α and myeloperoxidase (Babajide et al., 2022). It also has a
protective role by decreasing proinflammatory cytokines and
oxidative stress in liver diseases (Alsahli et al., 2021). Cote et al.
(2022) in their review of the role of some phytochemicals in
inflammation-associated disorders outlined gingerol activities in
cancers where it was able to reduce inflammation thereby
decreasing tumors, in cardiovascular diseases, and equally in
fasting blood glucose, inflammation, and oxidative stress
reduction in diabetes.

5 Non-coding RNAs involved in
oxidative stress and inflammation-
related disorders on which the effect of
natural products has not been
investigated

Several authors have documented the implication of natural
product-modulated ncRNAs; especially miRNAs and lncRNAs in
various types of cancers, still leaving much to be done with regard
to other oxidative and inflammation-related disorders like
neurodegenerative disorders (for example, Parkinson’s diseases
and Alzheimer’s disease), atherosclerosis or rheumatic diseases
with a good number of regulatory ncRNAs on which natural
products have not been investigated (Gámez-Valero et al., 2020;
Zhang W. et al., 2022; Infante-Menéndez et al., 2023). We,
therefore, highlight in this section and in Table 4, some of
these ncRNAs that have not yet been investigated with natural
substances in the context of diseases related to oxidative stress
and inflammation.

As part of the regulation of oxidative stress, several lncRNAs
act by increasing apoptosis like lncRNA BDNF-AS, FOXD3-AS1,
Linc 00,963, and lncRNA ODRU (Wang X. et al., 2019) but
antisense lncRNA natural BDNF-AS also regulates oxidative
stress by reducing cell viability but its expression is inversely
proportional to the synthesis of superoxide dismutase and
catalase; Linc 00,963 also modulates the expression of the
lncRNA FoxO3 in order to be able to attenuate renal fibrosis
and oxidative stress during chronic renal failure; the lncRNA
ODRU downregulates the level of Bcl2 expression through its
interaction with the AKT and JNK signaling pathways as well as
the PI4K alpha proteins. In diabetes, lncRNA SNHG16 increases
the production of ROS and apoptosis via the increase in the level

of expression of the KLF9 factor and that of miR-106a, MALAT 1,
GAS5, CASC2, HOTAIR, MEG 3 are also implicated in this
disorder (Chu et al., 2022). LncRNA MIAT is overexpressed
following oxidation in the context of hypoxic pulmonary
hypertension and its silencing by knockdown leads to the
suppression of oxidative stress (Li, et al., 2020).

Furthermore, lncRNA LUCAT1 thanks to the increase in its
level of expression, post-transcriptionally regulates the splicing
and stability of NR4A2, leading to the activation of the production
of inflammatory cytokines and interferons during inflammatory
bowel and lung disease (Vierbuchen et al., 2022). This lncRNA is
also upregulated in asthma and chronic obstructive pulmonary
disease. lncRNA FAO regulates inflammation in macrophage cells
followed by restoration of homeostasis by activating fatty acid
oxidation via its interaction with the HADHB subunit of the
mitochondrial trifunctional protein for FAO activation
(Nakayama et al., 2020). Zhao et al., in 2022 showed that
lncRNA Carl is an apoptosis-related lncRNA; during intestinal
inflammation, the expression or overexpression of the lncRNA
Carl leads to the expression of IL-1 beta and of the ptgs2 gene via
its interaction with NF-kB P65; lncRNA CHRF leads to an increase
in cytokine and oxidant levels following its overexpression, it also
triggers the inflammation signaling pathway by activating
MyD88 through miR-489; lncRNA FIRRE acts at the post-
transcriptional level to regulate proinflammatory genes by
interacting with hnRNPU proteins and by binding to the
p56 subunit of NFkB; lncRNA PTPRE-AS1 acts via the MAPK/
ERK1/2 signaling pathway to regulate inflammation via increasing
and decreasing levels of TNF-alpha and IL-10 respectively; Long
intergenic RNA not encoding proteins 638 (Linc00638) is
implicated in several autoimmune diseases (Yanqiu et al., 2022).
It regulates oxidative stress and inflammation especially by
targeting inflammatory cytokines like IL-6, IL-17, IL-23 and
regulating the Nrf2HO-1 pathway in rheumatoid arthritis (Sun
et al., 2021). In human breast cancer, Small interfering RNA
(siRNA) has been found to downregulate Notch-1 expression
thereby causing an increase in chemosensitivity (Yang et al.,
2010) while in prostate cancer, Notch silencing by siRNA
increased chemoresistance by promoting cell growth inhibition
(Ye et al., 2012). Piwi-interacting RNAs (piRNAs) have been
reported to play a role in hepatocellular carcinoma, renal cell
cancer, multiple myeloma (Yan et al., 2014), cardiovascular
diseases (Yang J. et al., 2018), Alzheimer’s disease, and
Parkinson’s disease (Qiu et al., 2017; Schulze et al., 2018).

We also observed that some lncRNAs can regulate oxidative
stress and inflammation at the same time. The lncRNA
Linc00638 acts by activating the Nrf2/HO-1 signaling pathways
following an increase in its level of expression to inhibit oxidative
stress and inflammation in rheumatoid arthritis (Sun et al., 2021);
lncRNA OIP5-AS1 promotes inflammation and oxidative stress via
up modulation of miR-128-3P expression to inhibit cyclin-
dependent kinase 2A (Li et al., 2019).

6 Conclusion

We reviewed natural products that display biological effects on
oxidative stress and inflammation-associated disorders via
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mechanisms involving the targeting of ncRNAs. Since this research
axis is still emerging, there is a pressing need to shed more light on
the mechanisms of these ncRNA-mediated biological activities
which will advance the valorization of these natural compounds
in the control and treatment of oxidative stress- and inflammation-
associated disorders. Furthermore, an investigation is also warranted
in the areas of the unknown ncRNAs-mediated mechanisms
underlying natural products’ bioactivities and effects, ncRNAs
involved in oxidative stress and inflammation-related disorders
on which natural products have not been investigated as well as
more natural products which may be implicated in common
therapeutic remedies but whose effect has not been evaluated in
the domain of oxidative stress and inflammation-related disorders.
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