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Abstract
The high prevalence of age-related diseases among the population explosion of senior citizens has gained significance in the 
pursuit of therapeutic agents capable of slowing the progression of degenerative disorders and preventing premature aging. 
Since our societies’ rising longevity is correlated with an increase in morbidity, preserving health in old age has become the 
main objective for biomedicine. Natural antioxidants are increasingly used as healthy ingredients in the nutrition, cosmetics, 
and pharmaceutical industries. Some synthetic drugs used as health supplements are enzyme inhibitors mediating several 
disease processes. However, due to concerns regarding their toxicity and adverse effects, several newly discovered heteroge-
neous phenolic and biphenolic structures have sparked a search for novel, safe, and effective agents, especially from natural 
sources. Natural antioxidants are one of the most well-studied natural product groups due to the wide range of biological 
effects they have. This review summarizes current knowledge on the various antioxidants and their action against age-related 
diseases like rheumatoid arthritis, skin aging, eye degeneration, metabolic syndrome, and neuroinflammation. According to 
our study, a wide variety of antioxidants have been examined, and although some potential therapeutic molecules have been 
identified based on their antioxidant action, further in vivo studies and evaluation are needed before a possible therapeutic 
implementation as drug candidates.
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Introduction

Humanity has wanted to attain immortality since the dawn of 
civilization, and the modern human need for medicines is so 
extensive that it is thought to be a deep evolutionary behavior 
(Hardy 2021). Satisfactory living conditions and the increase 
in medical technology have prolonged human life significantly 
in the last hundred years. Aging is a process that affects all 
parts of the body, such as cardiovascular diseases, neurological 
conditions, and cancer, resulting in irreversible physiological 
deterioration. Patients, their families, and society as a whole 
bear a heavy economic and psychological burden as a result of 
these age-related diseases (Hano and Tungmunnithum 2020). 
The average life expectancy has risen steadily in recent decades, 

reaching around 71.4 years in 2015. Based on global popula-
tion demographics between 2000 and 2050, the population is 
projected to rise from 605 million to 2 billion people during the 
next 60 years. While increased life expectancy is an example 
of increased human progress, it also presents a new obstacle. 
In reality, neurological and biological degenerations, such as 
physical frailty, psychological deficiency, and cognitive loss, 
are all linked to being older (Elfawy and Das 2019). In the 
twenty-first century, age-related illnesses have emerged as the 
largest health concern. Aging is an innate, systemic, multifacto-
rial, and progressive phenomenon marked by progressive loss 
of function and eventually increased mortality rate (Bosch-
Morell et al. 2020).

Age-related diseases are linked to structural changes in mito-
chondria, as well as differences in physicochemical character-
istics of the membranes, such as changes in electron transport 
chain complex functions and reduced fluidity, which lead to 
energy imbalance and mitochondrial loss. These changes dis-
rupt cellular homeostasis and mitochondrial activity, increasing 
oxidative stress vulnerability (Elfawy and Das 2019). Owing 
to a decrease in the efficacy of their endogenous antioxidant 
processes, aged people are more vulnerable to oxidative stress 
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(Fig. 1). Organs like the brain and heart, which have large oxy-
gen intake rates but low respiration speeds, are especially sus-
ceptible to this effect, which helps understand why cardiovascu-
lar diseases (CVDs) and neurological problems are so common 
in older people (Bosch-Morell et al. 2020).

Natural compounds may be able to alleviate oxidative stress 
and increase immune function, according to emerging research 
evidence (Liguori et al. 2018). Indeed, oxidative stress is highly 
dependent on hereditary or acquired defects in redox-mediated 
signaling enzymes. Thus, the function of molecules with anti-
oxidant activity in promoting healthy aging and mitigating 
oxidative stress warrants further discussion (Elfawy and Das 
2019). Polyphenols and flavonoids (active redox agents) are 
widely spread in nature and fully recognized as antioxidants or 
scavengers. The pharmacological potential of medicinal plant 
material is probably due to the capability of polyphenols and 
flavonoids to interact with important cellular processes in which 
key enzymes such as cyclooxygenase, lipoxygenase, phospholi-
pase A2, NADH oxidase, or glutathione reductase are involved. 
Catechols in flavonoids and polyphenols are also able to form 
chelates with metals and are reactive in their oxidized form (like 
quinones) with nucleophiles present in lateral protein chains 
such as cysteine and lysine. To illustrate the potential effects of 
aging, we highlighted the list of antioxidants and their mecha-
nism of action in the prevention of age-related diseases in this 
review.

Search Strategy

Search terms related to studies of most potent natural anti-
oxidants for new age-related disorders were compiled in the 

following manner: oxidative stress/mitochondrial dysfunc-
tion/age-related disorders, polyphenols/EGCG/epigallocat-
echin gallate/withaferin A/salvianolic acid (A, B, C, D, E, F, 
and G)/extra virgin olive oil/olive oil derivatives/curcumin/
metabolites of curcumin and phenol/phytochemicals, as well 
as health benefits/human diseases/oxidative stress/oxidative 
damage/neurodegenerative diseases/cardiovascular diseases/
cancer/rheumatoid arthritis/eye diseases/skin ailments, and 
also baicalein/plumbagin/sulforaphane/vitamins/resveratrol/
quercetin/omega-3 fatty acids/olive oil and phytochemicals/
dietary supplements/bioavailability/mechanism of action/
nano-formulations/in vitro/in vivo animal studies. The fol-
lowing electronic scientific databases were searched for data 
collection: Google Scholar, Science Direct, Springer, Else-
vier, PubMed, Wiley Online Library and Taylor, and Fran-
cis Library. PubMed Advanced Search Builder was used to 
search research papers between 2012 and 2021.

Discussion

Aging Diseases

Oxidative stress plays a significant role in the disease pro-
cess and its development in model animals, humans, and 
microorganisms. The oxidative stress theory of aging asserts 
that a progressive and incremental increase in oxidative 
exposure caused by reactive oxygen species (ROS) has a 
direct effect on core aspects of aging biology, leading to 
impaired physiological mechanisms, increased disease prev-
alence, and a reduced life span. Oxidative stress is defined as 

Fig. 1   Age-related multiple 
diseases caused by excessive 
formation of reactive oxygen 
species. Owing to a decrease 
in the efficiency of antioxi-
dant enzymes, excessive free 
radicals damage biomolecules 
which start from accumula-
tion of abnormal proteins and 
ultimately cause various age-
related pathologies
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an interruption and deregulation of the signaling and redox 
system that can be caused by an imbalance in the produc-
tion of oxidant and antioxidant species. To counterbalance 
the oxidant species, there is an antioxidant system formed 
by enzymes and nonenzymatic molecules. Though, during 
pathological events, there may be an increase in the produc-
tion of oxidant species not neutralized by the antioxidant 
system, resulting in oxidative stress that promotes cellular 
damage through protein denaturation, changes in the func-
tions of nucleic acids, lipid peroxidation, and cell death.

It is a well-known fact that mitochondria are the energy 
house of the cell and help in the production of energy 
through oxidative phosphorylation and are also involved in 
the metabolism of lipids, fats, proteins, and carbohydrates. 
But during all these processes, it releases free radicals. 
These free radicals are implicated in various processes such 
as aging, mutagenesis, and pathological events. Free radi-
cal production and their targeted action on biomolecules 
can also increase oxidative stress in the brain, ultimately 
leading to neurodegenerative disorders. Oxidative damage 
includes mitochondrial dysfunction, α-synuclein aggrega-
tion, glial cell activation, dopamine auto-oxidation, altera-
tions in calcium signaling, and excess free iron. Moreover, 
neurons encounter more oxidative stress as a counteracting 
mechanism with advancing age that does not function prop-
erly (Elfawy and Das 2019). Age-related eye disorder is the 
progressive loss of vision or other vision-related problems 
owing to increased production and imbalance of free radical 
scavenging (Bosch-Morell et al. 2020).

A multifaceted condition including insulin dysfunction 
which leads to abnormal homeostasis of glucose as well as 
the metabolism of lipids is called diabetes (Adeshara et al. 
2016). During the pathology, macrophages and endothe-
lial cells are supposed to release reactive oxygen species 
and cytotoxic nitric oxide. Specifically, in type 2 diabe-
tes, vascular complications increased due to the release of 
free radicals (Son 2012). Free radical increase in diabetes 
may be contributed to a decrease in the natural antioxidant 
system present in the body (Korac et al. 2021). Moreover, 
vascular diseases caused by free radicals are the main cul-
prit of death in diabetes instead of hyperglycemia (Korac 
et al. 2021). Free radicals affect several biochemical and 
molecular processes inside the cell, resulting in DNA dam-
age that can cause cancer in the pancreas, mouth, stomach, 
and esophagus, inter alia. When tissue undergoes damage, 
either mechanical, chemical, or physical, it is trailed by an 
inflammatory response. Reactive oxygen species and reac-
tive nitrogen species work to convey the message in inflam-
matory response by increasing free radical activity at the site 
of damage, which activates neutrophils to increase inflam-
mation at the injury site (Srinivas et al. 2019) (Fig. 1).

Antioxidants are battalions against detrimental free radicals, 
which can securely react with free radicals and can dismiss the 

chain reaction before biomolecules are decayed. The harmful 
action of free radicals can be thwarted, to some extent, by the 
natural antioxidant enzymes (superoxide dismutase, catalases, 
glutathione peroxidase, glutathione S-transferase, glutathione 
reductase) of the body. These are involved in the prevention of 
cellular damage, by scavenging free radicals which cause pre-
mature aging and age-related disorders. A wide range of plant-
based antioxidants are employed in the treatment of diseases 
caused by oxidative stress (Zhang et al. 2015). Plant-derived 
antioxidants contain various constituents such as organo-sul-
furic compounds, phenolics, and flavonoids. The antioxidant 
properties of these phytochemicals are well established (Zhang 
et al. 2015). Natural antioxidants are well known to exhibit a 
wide range of biological effects including anti-inflammatory, 
antithrombotic, anticancer, antidiabetic, and vasodilatory activi-
ties. Antioxidant supply is not limited to the biological systems 
because one antioxidant molecule can react only with a single 
free radical (Zhang et al. 2015). Thus, there is a continuous 
need to replenish antioxidant resources, whether endogenously 
or through supplementation. When free radicals are produced 
in living organisms, many antioxidants come into action like 
catalase, glutathione peroxidase, superoxide dismutase, toco-
pherols, ascorbic acid, and flavonoids (Singh et al. 2019). The 
significance and effectiveness of these antioxidants depend on 
which reactive oxygen species is involved, and where it is gener-
ated. Thus, an antioxidant may be active in one system yet may 
fail in another. Sometimes a protective antioxidant may become 
aggressive. Also, the antioxidants of food articles may not neces-
sarily be protective in the body. Antioxidants are powerful elec-
tron donors. In this process, the antioxidant is oxidized and must 
be regenerated or replaced. Thus, a produced antioxidant radical 
is relatively unreactive and unlikely to attack further molecules 
(Zhang et al. 2015).

Several chemicals of plant origin have been studied to ben-
efit age-related pathology. Early and regular consumption of 
major phytochemicals can delay the onset of age-related dis-
eases like cancer, arthritis, and psoriasis, as well as neurode-
generative and cardiovascular disorders. The role of the most 
potent and important chemicals of plant origin will be discussed 
in detail in the present review.

Neurodegenerative Diseases

Alzheimer’s disease, Parkinson’s disease, multiple sclerosis, 
and amyotrophic lateral sclerosis are neurodegenerative dis-
eases in which brain and spinal cord nerve cells degenerate, 
which can lead to sensory as well as functional loss. This can 
also lead to abnormalities in mitochondria and finally become 
the reason for aging and neurodegenerative diseases. Several 
factors, such as environmental factors, can be the cause of neu-
rodegenerative diseases like heredity, but the excessive forma-
tion of free radicals due to faulty redox metal system in the 
body can be the leading cause of nerve cell death (Elfawy and 
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Das 2019). Antioxidative enzymes present in our body help 
in regulating the free radical formation in the body, and also 
if there is no balance between free radical formation and its 
scavenging, then it can lead to neurodegeneration (Singh et al. 
2019). Reactive oxygen species (nitric oxide, hydrogen perox-
ide, monoxide radicals, and superoxide anions) are considered 
as the real problem of neuronal degeneration (Elfawy and Das 
2019). They are the cause of mitochondrial degeneration, and 
degenerated mitochondria act as the storehouse of the reac-
tive oxygen species (Elfawy and Das 2019). Originally, it was 
assumed that reactive oxygen species were generated due to the 
imbalance between its production and elimination. But now, 
it is a well-known fact that controlled generation of reactive 
oxygen species can regulate biological processes at the cellu-
lar level (Gupta et al. 2020). However, free radicals have been 
identified as the primary cause of neuronal death, which leads 
to neurodegenerative diseases (Singh et al. 2019). The composi-
tion of the human brain is more prone to oxidative damage. The 
brain contains a high concentration of unsaturated lipids, which 
are highly labile to lipid peroxidation by free radicals, resulting 
in mitochondrial dysfunction and apoptotic cell death, which 
cause neurodegeneration (Singh et al. 2019).

Therapy for Neurodenegeration

Current medicines available in the market to cure neuroinflam-
mation approved by USFDA are rivastigmine, galantamine, 
donepezil, and the N-methyl-d-aspartate receptor antagonist 
memantine. These drugs support cholinergic neurotransmission 
or block excitotoxic neuronal injury and death. However, these 
drugs provide only modest, temporary, and palliative benefits 
(Tan et al. 2014). The natural defense (antioxidant) system pre-
sent in the body can help scavenge the free radicals, but when 

an imbalance occurs between the production of ROS and the 
natural defense (antioxidant) system in our body, consequently, 
cell death occurs. Excessive formation of free radicals causes 
mitochondrial dysfunction which is mainly due to an imbal-
ance between the formation of free radicals and the antioxidant 
system as we age. This imbalance in oxidative stress leads to 
defective proteasome which is responsible for the degradation 
of abnormal protein aggregates like beta-amyloid, tau protein, 
and alpha-synuclein. Therefore, aggregation leads to neurode-
generation. The onset of the pathology can be delayed by anti-
oxidant therapy which enhances natural antioxidant enzymes, 
scavenges free radicals, and establishes a healthy state with the 
normal functioning of the proteasome system for the degrada-
tion of aberrant proteins and the balance between the antioxi-
dant enzymes superoxide dismutase (SOD), catalase (CAT), 
glutathione S-transferase (GSH), and free radical production. 
By supplementing our body with exogenous antioxidant phyto-
chemicals, free radicals–mediated cell death can be managed to 
some extent as shown in Fig. 2. Numerous natural compounds 
are commercially viable, and studies are ongoing on herbal 
preparations that can effectively boost the endogenous anti-
oxidant system’s ability to neutralize free radicals and reduce 
inflammation in the brain such as EGCG (1), the most abundant 
catechin in tea (Singh et al. 2016); withaferin A (2, Withania 
somnifera (L.) Dunal, Solanaceae) (Zahiruddin et al. 2020); 
polyunsaturated fatty acids (α-linolenic acid (3) (Eriksdotter 
et al. 2015, Madore et al. 2020); resveratrol (4, grapes and ber-
ries); sulforaphane (5, cruciferous vegetables such as broccoli, 
Brussels sprouts, and cabbages); salvianolic acid A (6; Salvia 
miltiorrhiza Bunge, Lamiaceae); curcumin (7; Curcuma longa 
L., Zingiberaceae); and blueberry polyphenols. Caloric restric-
tion, as well as physical exercise, can help slow down neurode-
generation (Poulose et al. 2017).
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Antioxidants found in fruits and vegetables help prevent the 
formation of free radicals and cytokines in activated neuronal cells 
(Elfawy and Das 2019). Serotonin and melatonin are two of these 
natural antioxidant molecules from plants capable to attenuate, or 
even prevent, stress oxidative-related disorders, which are widely 
found in Mediterranean foodstuffs, fruits, vegetables, and medicinal 
herb (Gonçalves et al. 2021). Additionally, polyphenols derived from 
plants have been shown to protect neuronal cells from inflamma-
tion by downregulating NF-κB and inhibiting transcription factors 
involved in pro-inflammatory cell signaling pathways. Chemicals 
present in olive oil (Olea europaea L., Oleaceae) like tyrosol (8) and 
3-hydroxytyrosol (9), as well as the bitter glycosylated secoiridoids, 
oleuropein (10), and ligstroside (11) and their aglycon, and the phe-
nylethanoid oleocanthal (12), are found to show anti-inflammatory 
activities (Rodríguez-Morató et al. 2015, Brunetti et al. 2020).

Resveratrol (4) is currently being studied to target SIRT1 
because it helps activate secretase, which helps cleave amy-
loid precursor protein, protecting the brain from unwanted 

Fig. 2   Proposed mechanism of antioxidant therapy for neurodegener-
ative diseases. Excessive formation of free radicals causes mitochon-
drial dysfunction which is mainly due to an imbalance between the 
formation of free radicals and the antioxidant system as we age. This 
imbalance in oxidative stress leads to defective proteasome which is 
responsible for the degradation of abnormal protein aggregates like 
beta-amyloid, tau protein, and alpha-synuclein. Therefore, aggrega-

tion leads to neurodegeneration. The onset of the pathology can be 
delayed by antioxidant therapy which enhances natural antioxidant 
enzymes, scavenges free radicals, and establishes a healthy state with 
the normal functioning of the proteasome system for the degradation 
of aberrant proteins and the balance between the antioxidant enzymes 
superoxide dismutase (SOD), catalase (CAT), glutathione S-trans-
ferase (GSH), and free radical production
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accumulation of the fibrillar protein amyloids, which are the 
main cause of neuroinflammation-mediated neurodegeneration 
(Sun et al. 2021), and several preclinical shreds of evidence 
show resveratrol (4) help treat hepatitis C virus (HCV). Another 
chemical that helps slow down neurodegeneration is curcumin 
(7) as it helps neutralize reactive oxygen species directly by 
enhancing the function of superoxide dismutase (Samarghan-
dian et al. 2017). Curcumin (7) helps modulate different bio-
chemical pathways, e.g., phosphatidylinositol 3-kinase/protein 
kinase B pathway, AMP-activated protein kinase pathway, and 
mitogen-activated protein kinase, and modulation of these path-
ways ultimately helps prevent oxidative burden (Thota et al. 
2020). Other curcumin (7) derivatives, such as tetrahydrocur-
cumin (13), were able to increase dopamine levels in mouse 
models and inhibit the activity of monoamine oxidase, which 
degrades neurotransmitters (Chainoglou and Hadjipavlou-
Litina 2020). Demethoxycurcumin (14) protects neurons by 
increasing glutathione activity (Chainoglou and Hadjipavlou-
Litina 2020), and octahydrocurcumin (15) helps activate Nrf2 
(nuclear erythroid-2-p45–related factor 2) pathway (Chainoglou 
and Hadjipavlou-Litina 2020). Curcumin (7) derivatives with 
phenyl hydroxy and phenyl methoxy groups have been shown 
to prevent the formation of amyloid plaques in a recent study. 
The keto-enol tautomerism of curcumin derivatives seems to be 
a novel modification for the design of amyloid-binding agents 
(Chainoglou and Hadjipavlou-Litina 2020).

In a recent report, several chemicals have been isolated 
from marine algae, like polyunsaturated fatty acids, poly-
saccharides, sterols, carotenoids, tocopherols, terpenes, 
phycobilins, phycocolloids, and phycocyanin. These bioac-
tive compounds have been reported to show neuroprotective 

effect by neutralizing free radicals and slowing down neu-
roinflammation (Barbalace et al. 2019). The latest research 
on green, red, and brown algae showed that they can help 
alleviate the symptoms of Alzheimer’s, Parkinson’s, multiple 
sclerosis, and other chronic diseases (Pereira and Valado 
2021). Astaxanthin (16), a blood red pigment produced by 
the freshwater microalga Haematococcus pluvialis and the 
yeast fungus Xanthophyllomyces dendrorhous, has been 
shown to relieve oxidative stress (Wu et al. 2020).

Ginseng and its main active triterpene saponins, gin-
senosides (17), have also been reported to prevent the 
onset of neurodegenerative diseases (Huang et al. 2019). 
Coffee, tea, and dark chocolate (cacao) can promote brain 
health and may reduce the risk of age-related neurode-
generative disorders when consumed regularly (Caman-
dola et al. 2019). In a recent study, the function of tan-
nins in the treatment of neurodegenerative diseases was 
investigated (Camandola et al. 2019).

The combined treatment of epigallocatechin gallate (1), 
sulforaphane (5), and plumbagin (18), from species of the 
plant genus Plumbago, was found to be more effective 
than single treatment in relieving oxidative burden because 
it can alleviate endogenous antioxidant system, suppress 
nicotinamide adenine dinucleotide phosphate oxidases 1 
and 2, and increase cell viability (Marrazzo et al. 2019). 
Monoterpenes, sterols, polyphenols, polyunsaturated fatty 
acids, polysaccharides, and carotenoids help stabilize the 
homeostasis of calcium in the brain to relieve inflamma-
tion (Welcome 2020). Studies conducted in vitro and in 
vivo proved that bioactive compounds like resveratrol 

392 Revista Brasileira de Farmacognosia (2021) 31:387–407



1 3

(4) (Sun et al. 2021), curcumin (7) (Thota et al. 2020), 
and quercetin (19) have the potential to slow down brain 
damage by disassembly of abnormally folded proteins 
and abnormal mitochondria (Ay et al. 2017). The onset 
of neurodegenerative diseases can be delayed by continu-
ous consumption of some vital nutritional ingredients like 
polyphenols and endogenous substances like coenzyme 
Q10 (20), acetyl-l-carnitine (21), and polyunsaturated 
fatty acids (Elfawy and Das 2019).

Nanoformulations of natural antioxidants like biopoly-
meric nanoparticles can be used to deliver bioactive com-
pounds and enhance the effectiveness at the specific targeted 
site in the treatment of several diseases. Poly(lactic-co-gly-
colic acid) (PLGA) is one of the most successfully devel-
oped biodegradable polymers that has attracted considerable 
attention due to its desirable properties like high bioavail-
ability (Liu et al. 2019). Rhinacanthus nasutus (L.) Kurz., 
Acanthaceae, is a herbal plant, native of Thailand, that has 
been reported to help with neurodegenerative diseases, but 
no clinical data is available (Brimson et al. 2020). Bioac-
tive flavonoids from the dried fruits of Cullen corylifo-
lium (L.) Medik. (syn. Psoralea corylifolia L.), Fabaceae, 
namely bavachin (22), bavachinin (7-O-methylbavachin) 
(23), bavachalcone (24), and isobavachalcone (25), have 
been established to relieve Alzheimer’s symptoms in vitro 
as well as in vivo by relieving oxidative stress, inhibiting 
neuroinflammation, and regulating acetylcholinesterase and 
glycogen synthase kinase (Zhou et al. 2020). Dried roots of 
Glycyrrhiza uralensis Fish. consist of chalcones, flavanones, 
coumarins, and triterpenoid saponins. Out of these phyto-
chemicals, the most potent phytochemicals used to delay the 
progression of neurodegenerative disease were found to be 
the flavanone liquiritigenin (26) and its precursor chalcone 
isoliquiritigenin (27) (Ramalingam et al. 2018). Soya flavo-
noids found in soybean have been proven to show neuropro-
tective effects (Welcome 2020).
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Cardiovascular Diseases
CVD, including stroke, heart failure, heart attack, 
arrhythmia, and other inherited heart ailments, remains 
the principal cause of disease and death globally. In car-
diovascular disease, patients’ formation of plaque from 
lipid peroxidation has become the main cause of death 
because of the rupturing of atherosclerotic plaque in 
arteries which is known as myocardial infarction (Chen 
et al. 2021). The hardening of arteries due to lipid per-
oxidation is known as atherosclerosis, and it is caused by 
oxidative changes in low-density lipoproteins (Chen et al. 
2021). The antioxidant system in the heart aids in the 
prevention of low-density lipoprotein oxidation during 
blood vessel formation, although there are a variety of 
other mechanisms at work in the development of disease 
in which low-density lipoproteins become oxidized and 
cause disease (Chen et al. 2021). Oxysterols are oxidized 
derivatives of cholesterol or its precursors, and they are 
implicated as mediators of the metastatic effects of a 
high-fat diet and the etiology of neurodegeneration (Grif-
fiths and Wang 2019). Arachidonic, docosahexaenoic, 
and eicosatetraenoic acids oxidize to form isoprostanes. 
These prostaglandin F2–like compounds are formed in 
vivo by nonenzymatic free radical–catalyzed peroxida-
tion of arachidonic acid. Because these compounds are a 
series of isomers that contain the prostane ring of pros-
taglandins, they were termed F2-isoprostanes (Montuschi 
et al. 2004). These end products of peroxidation are used 
as biomarkers to determine the risk of cardiovascular 
disease (Chen et al. 2021). Free radicals are produced 
by a variety of factors, including genetic risk factors, 
aging, lifestyle choices, and environmental factors 
(Ghezzi 2020). Oxidative stress, caused by the presence 
of nitrogen oxides, causes blood vessels to be damaged 
more severely. Excessive formation of free radicals can 
damage blood vessel endothelial cells, resulting in blood 
vessel hardening (Chen et al. 2021). Supplementing with 
plant-based chemicals or antioxidants can aid in the scav-
enging of free radicals, thereby reducing cardiovascular 
damage.

Cardiovascular Therapy

CVDs are complex diseases with diverse pathophysi-
ologic mechanisms, and increased oxidative stress has 
been viewed as one of the potential common etiologies 
(Chen et al. 2021). The oxidative burden due to excessive 

formation of free radicals causes damage to endothelial 
cells which leads to the expression of vascular adhesion 
molecules (VCAMs) that ultimately recruit monocytes 
into a sub-endothelial space, and hampers the protective 
role of nitric oxide (NO), and peroxidation of low-den-
sity lipoproteins (LDLs) cause inflammation altogether 
leading to accumulation of lipids in the arteries and ulti-
mately to the development of cardiovascular disease. A 
variety of plant chemicals are available or are undergo-
ing clinical trials to determine their effectiveness against 
this disease. A common mechanism of action of dietary 
phytochemicals is to relieve the oxidative burden, avoid 
oxidation of low-density lipoproteins, and enhance the 
protective effect of nitric oxide as shown in Fig. 3. Res-
veratrol (4) is a naturally isolated stilbene with diverse 
health applications. Among phenolic compounds, res-
veratrol is credited with playing a key role in red wine’s 
health-promoting effects. In vitro and in vivo studies 
have shown the promising performance of resveratrol on 
cardiac problems as shown in the 3xTg mouse model. 
Resveratrol has been shown to improve cardiac function 
in conjugation with exercise (Esfandiarei et al. 2019) as 
mentioned in Table S1, but the beneficial effects of res-
veratrol have not been deep rooted and are unsatisfactory 
(Chudzińska et al. 2020). Curcumin (7), another essential 
chemical present in turmeric, is a potent diarylhepta-
noid. Administration of curcumin to healthy subjects has 
been shown to decrease homocysteine level and increase 
high-density lipoproteins, but no significant change was 
observed in central blood pressure, endothelial function, 
and oxidative stress biomarkers (Campbell et al. 2019).

Nevertheless, curcumin has recently been classi-
fied as both a pan-assay interference compound (PAIN) 
and an invalid metabolic panacea (IMP) candidate. The 
likely false activity of curcumin in vitro and in vivo has 
resulted in > 120 clinical trials of curcuminoids against 
several diseases. No double-blinded, placebo-controlled 
clinical trial of curcumin has been successful. Curcumin 
(7) is an unstable, reactive, nonbioavailable compound 
and, therefore, a highly improbable lead (Nelson et al. 
2017). Derivatives such as tetrahydrocurcumin (13) and 
bisdemethoxycurcumin (28) have been shown to protect 
cardiomyocytes and help reduce oxidative stress (Suna-
gawa et al. 2018). Sulforaphane (5) is an isothiocyanate, 
commonly found in broccoli and was found to prevent 
age-associated mitochondrial dysfunction and oxidative 
damage in cardiac and muscular disorders through Nrf2 
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signaling in C57BL/6 mice (Bose et al. 2020). A central 
regulator of cellular responses to electrophilic stress is the 
transcription factor Nrf2 shown to be essential for detoxi-
fication gene activity, including in mammalian cardiac 
cells and other components of the cardiovascular system 
(Bose et al. 2020).

Salvianolic acids, the most effective and abundant 
polyphenols extracted from Salvia miltiorrhiza Bunge, 
are well known for their good antioxidative activity. 
Danshen (S. miltiorrhiza) has been extensively used as a 
traditional medicine to treat cardiovascular-related dis-
eases in China and other Asian countries for hundreds of 
years. In vivo and in vitro experiments have demonstrated 
that salvianolic acids can modulate signal transduction 

within fibroblasts and cancer cells. Salvianolic acids pro-
mote the apoptosis of cancer cells, due to the inhibition 
of cancer-associated epithelial-mesenchymal transition 
processes (Ma et al. 2019; Du et al. 2020).

 Salvianolic acid A (6) has been shown to suppress 
the NF-κB pathway, hence helps protect the cardiac 
tissue in cardiac fibroblasts (Oh et al. 2011). Salvia-
nolic acid B (29) has also been shown to exert benefi-
cial effects on the cardiovascular system by restoring 
endothelial function in angiotensin II–induced mice. 
Salvianolic acids C (30) and D (31) have been proven 
beneficial to relieve inflammation by inhibiting NF-κB 
activation. Salvianolic acid D (31) has also been proven 
beneficial clinically for an acute myocardial infarction 
(Du et al. 2020). Salvianolic acids E (32), F (33), and G 
(34) have also been isolated, characterized, and found 
to scavenge oxygen free radicals and thus can provide a 
way to prevent and treat free radical–mediated damage 
to vital organs (Du et al. 2020).

Fig. 3   Proposed antioxi-
dant therapy mechanism for 
protection on endothelial cells, 
low-density lipoprotein, inflam-
mation, and thrombosis (top 
panel). The oxidative burden 
due to excessive formation of 
free radicals causes damage to 
endothelial cells and leads to 
the expression of vascular adhe-
sion molecule (VCAM) which 
ultimately recruits monocytes 
and hinders the protective role 
of nitric oxide (NO) and the 
peroxidation of low-density 
lipoproteins (LDLs), causing 
inflammation and altogether 
leading to accumulation of 
lipids in the arteries and, ulti-
mately, to the development of 
cardiovascular disease (bottom 
panel)
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Oleocanthal (12) has been shown in human studies to 
reduce inflammatory markers of CVD (Rodríguez-López 

Omega-3 fatty acid (3) carried on male Wistar rats has 
been shown to increase the viability of cardiomyocytes, 
improve membrane potential, and reduce the release of 
lactate dehydrogenase (Varghese et al. 2017). Ferulic 
acid (35), a polyphenol found in vegetables and cere-
als, has been shown to improve heart health by lowering 
oxidative stress, improving lipid profiles, and decreasing 
inflammation in hyperlipidemic patients (Bumrungpert 
et al. 2018). 3-Hydroxytyrosol (9), another polyphenolic 
drug, has been shown to inhibit inflammatory pathways 
and reduce oxidative stress (Rodríguez-López et  al. 
2020). Oleuropein aglycone (36) restored autophagic 
defects in neonatal rat ventricular myocytes (Rodríguez-
López et al. 2020).
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et al. 2020). Plumbagin (18), an active constituent derived 
from the roots of the traditional medicinal plant Plumbago 
zeylanica L., has been shown to reduce ischemia–reper-
fusion (IR) injury in IR rats (Zaki et al. 2018). Quercetin 
(19), a flavonoid found in grapes, has been clinically stud-
ied. It has been shown in clinical trials to reduce plasma 
lipid profile and help reduce CVD pathology in human 
subjects (Muñoz-Bernal et al. 2021). Coenzyme Q10 (20) 
has also been studied clinically in human subjects, and 
it was discovered that when treated with coenzyme Q10 
(20), the lipid content in blood plasma decreased (Jorat 
et al. 2018). Another highly effective treatment for cardio-
vascular disease that has been tested on rats is l-carnitine 
(37), a quaternary ammonium compound involved in the 
metabolism of fatty acids in most mammals and derived 
from the methylation of the amino acid lysine, which was 
found to improve caspase-3 expression in albino rats by its 
combining capacity with vitamin E (38) (Aboubakr et al. 
2020). Postmenopausal women have an increased risk of 
CVD due to estrogen deficiency, which can be corrected 
by supplementing with isoflavones (39) or other phytoes-
trogens (Stojanov and Kreft 2020), according to a recent report 
on postmenopausal women (Stojanov and Kreft 2020). Simi-
larly, a clinical trial on vitamin C (40) co-supplementation with 
other vitamins (A (41), B (42), D (43), and E (38)) and minerals 
was not consistent in patients with CVD (Ingles et al. 2020). Bai-
calin (44), a plant flavonoid found in several species in the genus 
Scutellaria (Lamiaceae), has recently been shown to facilitate 
the release of nitric oxide in CMEC cells (Bai et al. 2019).

alterations at the cellular and DNA level which can cause muta-
tions (Ligouri et al. 2018). Free radicals also cause damage to 
macromolecules like lipids, proteins, carbohydrates, and other 
important molecules of life (Ligouri et al. 2018). The relation 
between free radicals and abnormal cell proliferation has been 
well documented (Klaunig 2018). A balanced diet and nutrients 
can help prevent the onset of these diseases. There is a long list 
of antioxidants that can help ameliorate the consequences of 
free radicals, and evidence of the same is found in the literature. 
Several studies have demonstrated that some herbal nutrients 
help cope with adverse reactions inside living organisms (Hano 
and Tungmunnithum 2020).

Cancer Therapy

Under oxidative stress conditions, Keap1 (Kelch-like 
ECH–associated protein) releases Nrf2 from the complex 
and ultimately Nrf2 (nuclear factor-erythroid 2–related fac-
tor 2) is translocated into the cell for transcription; elevated 
Nrf2 causes abnormal cell division. But when the cell is sup-
plemented with antioxidants, this action helps alleviate the 
expression of Keap1 and inhibit the expression of Nrf2, thus 
normalizing the function of Keap1 and inhibiting further 
transcription of Nrf2. Keap1 tightly regulates the expression 
of Nrf2 protein levels. Dimers of Keap1, E3 ubiquitin ligase, 
cullin 3 (Cul3), and ring box protein 1 (RBX1) make a com-
plex through the N-terminal BTB domain to promote Nrf2 
ubiquitination and degradation. β-TrCP-SKP1 (β-transducin 

 
Cancer

Cancer is a multistage process involving transformation and 
uncontrolled cell proliferation. Cancer is also one of a variety 
of serious chronic diseases caused by free radicals and even-
tually causes fatal illnesses, including cancer by unbalanced 
free radicals. The cause of these free radicals may be attrib-
uted to an unhealthy lifestyle, eating too much-processed food, 

environmental conditions, and heredity factors (Klaunig 2018). 
Free radicals operate in dual directions: on the one hand, causing 
the death of healthy cells within an organism, and on the other 
hand, acting as pro-oxidants for cancer cells or causing apoptosis 
in cancer cells. High-level generation of free radicals can lead to 
an oxidative burden on cells, and these free radicals can cause 
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repeat–containing protein)-cullin 1 (Cul1)-RBX1 and HRD1 
(3-hydroxy-3-methylglutaryl reductase degradation) and E3 
ubiquitin ligase complex is also elevated by antioxidants to 
regulate Nrf2 as shown in Fig. 4 (Rada et al. 2012).

Evidence has been found for several plant chemicals: 
resveratrol (4) helps induce apoptosis and arrest the cell 
cycle in prostate cancer cell lines (Ammar et al. 2020). 
Sulforaphane (5) controls the malignant proliferation of 
CSCs in TNBC via a Cripto-mediated pathway in BALB/c 
nude mice (Castro et al. 2019). Curcumin (7) also helps 
induce apoptosis in breast cancer cell lines like T47D, 
MCF7, and MDA-MB-231 (Tomeh et al. 2019). Salvia-
nolic acid B (29) helps reduce oxidative stress and inflam-
mation and shows a cytotoxic effect on human breast 
cancer adenocarcinoma (MCF-7) cells (Du et al. 2020). 
By lowering cancer inflammatory markers in female can-
cer patients (mean age: 58 years), omega-3 fatty acid (3) 

significantly reduces breast cancer (Dydjow-Bendek and 
Zagoźdźon 2020). Ferulic acid (35), in combination with 
trans-resveratrol (4) nanoparticles, helps increase cytotox-
icity in HT-29 cell lines (Kumar et al. 2020). Hydroxyty-
rosol (9) helps reduce pain and inflammation when given 
in combination with curcumin (7) and omega-3 fatty acids 
(3) in early-stage breast cancer patients (Martínez et al. 
2019). Oleuropein aglycon (36) shows antiproliferative 
activities in MDA-MB-231 and MCF-7 (MCF-7/TR) cell 
lines (Musial et al. 2021) Novel oleocanthal (12) formula-
tion with xylitol solid dispersion shows cytotoxic effect in 
breast cancer cells (Qusa et al. 2019). Tetrahydrocurcumin 
(13) shows an antitumoral effect on the tumor-bearing 
mouse model (Tomeh et al. 2019). Demethoxycurcumin 
(14) can induce a caspase-dependent pathway to stop the 
growth of cancer cells in the human skin squamous cell 
carcinoma cell line A431 and the human keratinocyte cell 

Fig. 4   Proposed mechanism of antioxidant role in cancer. Under 
oxidative stress conditions, Kelch-like ECH–associated protein 1 
(Keap1) release nuclear factor-erythroid 2–related factor 2 (Nrf2) 
from complex and, ultimately, Nrf2 translocated into the cell for tran-
scription; elevated Nrf2 causes abnormal cell division. The cell sup-
plemented with antioxidants helps alleviate the expression of Keap1 
and inhibit Nrf2 expression, thus normalizing the function of Keap1 

and inhibiting further transcription of Nrf2. Keap1 tightly regulates 
the expression of Nrf2 protein level. Dimers of Keap1, E3 ubiquitin 
ligase, cullin3 (Cul3), and ring box protein 1 (RBX1) make a com-
plex through the N-terminal BTB domain to promote Nrf2 ubiquit-
ination and degradation. β-Transducin repeat-containing protein 
(β-TrCP-SKP1)-cullin1 (Cul1)-RBX1 and HRD1 and E3 ubiquitin 
ligase complex is also elevated by antioxidants to regulate Nrf2
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line HaCaT (Tomeh et al. 2019). Another derivative of 
curcumin (bisdemethoxycurcumin 28) has also shown the 
cytotoxic effect on cancer cells (Tomeh et al. 2019). Bis-
demethoxycurcumin (28) helps sensitize NSCLC cells to 
icotinib via apoptosis (Tomeh et al. 2019). Epigallocat-
echin gallate (1) helps regulate TLR4 signaling in male 
BALB/c mice (Musial et al. 2021). Plumbagin (18) helps 
block the STAT3 in cancer cells and suppress jaw fibro-
sarcoma in breast and gastric cancer cells, large cell lung 
cancer cells, and hepatic cancer cells (Yu et al. 2018). 
Quercetin (19) assists to initiate apoptosis in cancer cells 
in MCF-7 breast cancer cells and CT-26, LNCaP, MOLT-
4, and Raji cell lines and has shown antitumoral effect on 
mice bearing tumors (Niazvand et al. 2019). Coenzyme 
Q10 (20) helps decrease the viability and migration of 
myeloma cells and, when supplemented with l-carnitine 
(18), improves the quality of life by reducing pain in the 
tumor-bearing mouse model (Awa et al. 2017). Isoflavones 
(39) show cytotoxic effect against breast cancer cell lines 
(Hatono et al. 2021). Vitamin C (40) was also found to 
show cytotoxic effect on KRAS-mutated cancer cells (Di 
Tano et al. 2020). In a human trial, vitamin E (38) has 
failed to show any consistent effect on cancer patients 
(Ammar et al. 2020). Attenuation of inflammatory mark-
ers was found when myeloma cancer cell lines were treated 
with withaferin A (2). The growth of HCT116 colon can-
cer cells was suppressed when treated with the cytotoxic 
baicalin (44) (Ammar et al. 2020).

Rheumatoid Arthritis

Rheumatoid arthritis is a chronic inflammatory bone joint 
disease that is manifested by joint pain, inflammation, slow 
joint movement, redness, and swelling (Ferreira et al. 2021). 
In the development of inflammatory arthritis, reactive oxygen 
species and reactive nitrogen species play a significant role as 
the damaging essential components of the bone structure (Fer-
reira et al. 2021). An imbalance between the antioxidant and 
oxidant systems plays a crucial role in pathogenesis (Ferreira 
et al. 2021). Hydrogen peroxide interferes with ATP synthesis 
and inhibits the enzyme G-3-P dehydrogenase in bone cells 
which is important for bone health, ultimately leading to free 
radical–mediated cartilage degradation. This will activate the 
phagocytes, leading to an inflammatory response by activat-
ing different inflammatory cytokines. Activated phagocytes 
produce reactive oxygen species and reactive oxygen species 
which further change the immunoglobulin G behavior and 
lead to the development of the disease (Ferreira et al. 2021).

Arthritis Therapy

As it is well known that free radicals play a critical role in rheu-
matoid arthritis pathogenesis, the phytochemicals which can 

scavenge the free radicals can delay the progression of the dis-
ease (Kour et al. 2021). Xanthine oxidase helps in purine metab-
olism as it converts purines to uric acid. Uric acid is required at 
the optimum level in the body for proper functioning. Elevated 
expression of enzyme xanthine oxidase in old age is the main 
reason for rheumatoid arthritis pathology as it hampers immu-
nity (Kour et al. 2021). Adenosine and guanosine nucleosides 
convert into xanthine following the above-mentioned pathway, 
which is depicted in Fig. 5, where the enzyme xanthine oxidase 
converts xanthine to uric acid. Supplementing cells with anti-
oxidants can block the active site of the enzyme by competing 
with hypoxanthine and xanthine for the active site (Fig. 5). Res-
veratrol (4) was found to inhibit specifically TNF-alpha and IL-
1beta–induced NF-kappa B activation to stop the progression 
of rheumatoid arthritis in the rabbit model (Kour et al. 2021). In 
a recent study, resveratrol (4) has been shown to suppress p62 
expression and reduce the serum levels of C-reactive protein 
and inflammatory cytokines in antigen-induced rheumatoid 
arthritis animals (Kour et al. 2021). Inhibition of the NF-κB 
signaling pathway and the promotion of macrophage apopto-
sis were found in collagen-induced arthritis (CIA) rats when 
treated with curcumin (7) (Makuch et al. 2021). Curcumin (7) 
directly controls microRNA which promotes cancer in T24 and 
SV-HUC-1 cell lines (Makuch et al. 2021). A randomized, dou-
ble-blind, clinical study was directed to analyze the proportional 
effectiveness of two different dosages of curcumin (250 mg or 
500 mg) twice daily for 90 days. Curcumin (7) has been found 
to significantly change the C-reactive protein level, erythrocyte 
sedimentation rate, disease activity score, and rheumatoid fac-
tor value (Jacob et al. 2018). Sulforaphane (5) was found to 
inhibit the interleukin-1β (IL-1β)–induced rheumatoid arthritis 
and activate Nrf2 (Moon et al. 2021). Similarly, omega-3 fatty 
acids (3) help reduce the pain of inflammation in rheumatoid 
arthritis (da Fonseca et al. 2019). Decreased TNF-α, decreased 
JAK2 levels, reduced inflammation, and inhibition of JAK/
STAT pathway were found when complete Freund’s adjuvant 
(CFA) rats were treated with ferulic acid (35) (Zhu et al. 2020). 
Hydroxytyrosol (9) was found to suppress oxidative stress and 
reduce inflammation in chondrocytes from female Sprague 
Dawley rats (Castejón et al. 2020). Oleuropein aglycon (36) 
is also a chemical that helps reduce pain in CIA rats (Castejón 
et al. 2020). Oleocanthal (12) was found to inhibit IL-1β, TNF-
α, and GM-CSF protein synthesis from LPS-stimulated mac-
rophages in ATDC5 murine chondrogenic cells (Castejón et al. 
2020). Tetrahydrocurcumin (13) was found to improve pain 
and reduce inflammation in human patients (Jacob et al. 2018). 
Demethoxycurcumin (14) helps attenuate all the inflammatory 
markers of RA in CIA rats (Jacob et al. 2018). Quercetin (19) 
was found to attenuate inflammatory markers of rheumatoid 
arthritis in fibroblast-like synoviocytes (da Fonseca et al. 2019). 
Coenzyme Q10 (20) in combination with probiotics and zinc 
helps reduce the level of inflammatory cytokines in CIA rats 
(da Fonseca et al. 2019). Supplementation of vitamin C (40) can 
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improve the symptoms of rheumatoid patients (da Fonseca et al. 
2019). Combination therapy of vitamin E (38) with vitamins 
A (41) and C (40) and methotrexate can attenuate the inflam-
matory markers in the blood in a clinical trial (da Fonseca et al. 
2019). Baicalin (44) attenuates all the inflammatory cytokines 
in the rheumatoid mouse model (da Fonseca et al. 2019).

Skin Aging

Oxidative stress in the skin plays a major role in the aging 
process. This is true for intrinsic or chronological aging and 
even more for extrinsic aging or photoaging. Intrinsic and 
extrinsic aging are terms used to describe cutaneous aging 
of the skin and other parts of the integumentary system, 
primarily involving the dermis. Intrinsic aging is influenced 
by internal physiological factors alone and extrinsic aging 
by many external factors, which include ultraviolet radia-
tion, cigarette smoking, and air pollution, among others. Of 
all extrinsic causes, radiation from sunlight has the most 
widespread documentation of its negative effects on the 
skin. Although the results are quite different in the dermis 
and epidermis, extrinsic aging is driven, to a large extent, 
by oxidative stress caused by ultraviolet (UV) irradiation. 
They include a disruption of the epidermal calcium gradi-
ent in old skin with an accompanying change in the com-
position of the cornified envelope. This modified cornified 
envelope also leads to an altered antioxidative capacity and 
a reduced barrier function of the epidermis (Rinnerthaler 
et al. 2015). Oxidative stress induced by the accumulation 
of ROS can lead to lipid, protein, nucleic acid, and organelle 

damage, thus leading to the occurrence of cellular senes-
cence, which is one of the core mechanisms mediating skin 
aging (Gu et al. 2020). As we age, there is an imbalance in 
the formation of free radicals and natural antioxidant sys-
tems, which eventually activates mitogen-activated protein 
kinase (MAPK), which induces transcription factors such 
as activator protein 1 (AP-1) and nuclear factor-B (NF-B), 
which leads to the activation of metalloproteinases such as 
collagenase, elastase, and hyaluronidase, which degrade col-
lagen and elastin. This also inhibits the transforming growth 
factor-β which helps produce collagen. Several antiaging 
strategies can help scavenge free radicals, including topicals, 
energy-based procedures, and dermal fillers, and restore the 
molecular features of dermal aging with clinical efficacy 
(Gu et al. 2020).

Skin Anti‑aging Therapy

As aging progresses, skin becomes hypersensitive to external 
stimuli like UV rays of the sun, pollution, and environmental 
factors, leading to the generation of excessive free radicals 
causing mitochondrial dysfunction. Further free radicals dam-
age DNA and protein and increase the production of colla-
genase, elastase, and hyaluronidase which degrade collagen 
in the skin and damage it. But when the cell is under antioxi-
dant protection, the free radical formation can be managed 
due to the scavenging potential of antioxidants. Furthermore, 
antioxidants block the DNA damage pathway; inhibit protein 
oxidation; inhibit the action of collagenase, elastase, and hya-
luronidase; and protect premature aging as shown in Fig. 6. 
Resveratrol (4) was used to enhance the antioxidant system, 

Fig. 5   Proposed mechanism of 
antioxidants in the prevention of 
rheumatoid arthritis. Elevated 
expression of the enzyme 
xanthine oxidase in old age is 
the main culprit of rheumatoid 
arthritis pathology. Adenosine 
and guanosine nucleosides con-
verted into xanthine by enzymes 
adenosine deaminase and 
guanosine deaminase, respec-
tively, and the enzyme xanthine 
oxidase converts xanthine to 
uric acid. Supplementing cells 
with antioxidants can block the 
active site of the enzyme by 
competing with hypoxanthine 
and xanthine for the active site
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ultimately helping to reduce skin aging as the formation of 
free radicals slows down and the activation of inflamma-
tory markers is also suppressed (Michalak et al. 2021). Sul-
foraphane (5) has also been shown to increase the production 
of collagen in the keratinocyte/fibroblast co-culture system 
(Ko et al. 2020). Another chemical that is very potent to slow 
down skin aging by inhibiting metalloproteases is curcumin 
(7), which was also proven in a clinical trial on patients with 
severe photoaging (Michalak et al. 2021). Demethoxycur-
cumin (14) has been shown to protect human keratinocyte 
cell lines from free radical–induced death (Liu et al. 2016). 
Tetrahydrocurcumin was reported to improve skin aging when 
used in combination with extract of Centella asiatica (L.) 
Urb., Apiaceae (Astuti et al. 2021). l-Carnitine (18) helps 
attenuate UV-induced DNA damage markers in the skin in a 
rat model (Salama et al. 2018). Quercetin (19) also suppressed 
PKCδ and JAK2 in the skin JB6 P + and JB6 P + PKCδ DN 
cells (Michalak et al. 2021). Isoflavones (39) are also one 
of the natural chemicals that have been reported to reduce 
the signs of skin aging when administrated on hairless mice 
(Michalak et al. 2021). Similarly, baicalin (44) helps reduce 
skin inflammation (Kostyuk et al. 2018). Salvianolic acid B 
(29) has also been shown to reduce inflammatory cytokines 
in skin fibroblast proliferation by TGF-β/SMAD and MAPK/
ERK pathway suppression in the bleomycin-induced SSc 
mouse model (Du et al. 2020). In a double-blind clinical 

trial, healthy young females were selected to see the effect 
of omega-3 fatty acids (3) and Aloe vera in combination. At 
the end of the study, improved skin hardness and skin elas-
ticity were found in females treated with a combination of 
omega-3 fatty acids (3) and Aloe vera (L.) Burm.f., Xanthor-
rhoeaceae (Michalak et al. 2021). In another study, omega-3 
fatty acids (3) have been shown to protect the skin from ultra-
violet rays and free radicals and reduce skin inflammation 
(Michalak et al. 2021). Treatment of JB6 epidermal skin cells 
with omega-3 fatty acids (3) has been shown to stabilize the 
Nrf2 protein as it is the master regulator of antioxidant and 
anti-inflammatory gene expression (Michalak et al. 2021). 
Ferulic acid (35) in combination with vitamins C (40) and 
E (38) helped reduce signs of aging in human subjects (Kim 
et al. 2020). Hydroxytyrosol (9) has been shown to attenu-
ate inflammatory markers of photoaging in keratinocytes and 
blastocytes (Castejón et al. 2020). Oleocanthal (12) has been 
reported to decrease the photoaging-induced inflammation in 
human skin fibroblasts (Castejón et al. 2020). Nanoparticles 
loaded with coenzyme Q10 (20) microemulsion regenerated 
skin in keratinocytes and fibroblasts (Michalak et al. 2021). 
In a clinical trial, vitamin C (40) has been shown to delay skin 
aging in human subjects (Michalak et al. 2021). A clinical 
trial on 45-year-old men and women found that foods high 
in antioxidants, such as vitamin E (38), can delay skin aging 
(Michalak et al. 2021).

Fig. 6   Proposed mechanism of antioxidants in the prevention of age-
related skin disease. Aging makes the skin extra-sensitive to external 
stimuli like UV rays of the sun, pollution, and environmental factors 
that lead to the generation of excessive free radicals causing mito-
chondrial dysfunction. Further free radicals damage DNA and protein 
and increase the production of collagenase, elastase, and hyaluroni-

dase which degrade collagen in the skin and damage it. But when the 
cell is under antioxidant protection, the free radical formation can be 
managed due to the scavenging potential of antioxidants. Further anti-
oxidants block the DNA damage pathway; inhibit protein oxidation; 
inhibit the action of collagenase, elastase, and hyaluronidase; and 
protect premature aging
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Eye Diseases

Oxidative stress–induced free radicals affect the cellularity 
of the human trabecular meshwork (HTM) which increases 
the pressure inside the ocular region which leads to eye 
damage and abnormality that is glaucoma. Therefore, 
glaucoma is the result of the excessive generation of free 
radicals (Nita and Grzybowski 2016). Most of the anterior 
segment of the eye, i.e., cornea and lens, are exposed to 
UV radiation, leading to histopathological changes, which 
is the main cause of cornea damage also known as pho-
tokeratitis (Nita and Grzybowski 2016). According to the 
World Health Organization, corneal blindness is the fourth 
largest cause of blindness in the world. Excessive exposure 
to UV radiation can cause acute to severe damage to the 
anterior portion of the eye. But, normal cornea contains 
nonenzymatic antioxidants like vitamins C (40) and E 
(38), glutathione, and enzymatic antioxidant systems like 
catalase, superoxide dismutase, and others. But as we age 
and have age-related disorders, all these enzymatic as well 
as nonenzymatic systems fail, which produce free radicals 
and lead to corneal damage (Nita and Grzybowski 2016). 
Reactive oxygen species leads to activation of the NF-κB 
pathway which ultimately leads to the inflammation of the 
trabecular meshwork in the eye. Inflammation of the tra-
becular meshwork resists the flow of aqueous humor and 
increases the pressure inside the eye, which is the lead-
ing cause of glaucoma (Nita and Grzybowski 2016). Dry 
eye, an age-related condition, is a multifactorial disease 
of the tears and ocular surface that results in symptoms 
of discomfort, visual disturbance, and tear film instability. 
Environmental factors are also often implicated in dry eye, 
including exposure to pollutants, UV radiation, and ozone 
as well as the chronic use of preserved eye drops such as in 

the treatment of glaucoma. These factors increase oxidative 
stress and ocular surface inflammation. A small number of 
interventional studies suggest that oxidative stress may be 
directly targeted in topical therapy of dry eye treatment. 
For example, in vitro studies suggest that l-carnitine (18) 
and pterostilbene (trans-3,5-dimethoxy-4-hydroxystilbene), 
a blueberry component chemically related to resveratrol 
(4), 3,5,4′-trihydroxytrans-stilbene (3), may reduce oxida-
tive stress (Seen and Tong 2018), and in in vivo studies, 
selenoprotein P and alpha-lipoic acid have been proven to 
relieve the symptoms of dry eyes (Seen and Tong 2018).

Eye Therapy

Increased production of reactive oxygen species during old 
age causes an imbalance between ROS and antioxidant sys-
tem, leading to lipid peroxidation, protein damage, DNA 
damage, cell dysfunction, inflammation, apoptosis, and 
necrosis which ultimately cause age-related macular degen-
eration and diabetic retinopathy (Fig. 7). Conflicting results 
were found when vitamin E (38) was given to treat eye dis-
orders in human subjects (Schwartz et al. 2020). In another 
study, patients with retinal vascular disease were found to 
have a good field of the visual index when treated with coen-
zyme Q10 (20) (Fernández-Vega et al. 2020). Omega-3 fatty 
acids (3) were also found to provide moisture to the dry eyes 
in human subjects (Giannaccare et al. 2019). Resveratrol 
(4) has been shown to improve streptozocin-induced reti-
nal damage in rats (Chen et al. 2019). Sulforaphane (5) was 
found to help reduce diabetic-induced retinopathy in male 
Sprague Dawley rats (Li et al. 2019). In a clinical trial, 100 
patients suffering from eye disorders were treated with cur-
cumin (7) and found to recover retinal damage (Mazzolani 
and Togni 2013). Salvianolic acid B (29) protected retinal 

Fig. 7   Proposed mechanism 
of antioxidants in the preven-
tion of age-related eye disease. 
Increased production of reactive 
oxygen species during old age 
causes an imbalance between 
ROS and antioxidant system, 
leading to lipid peroxidation, 
protein damage, DNA damage, 
cell dysfunction, inflammation, 
apoptosis, and necrosis which 
ultimately cause age-related 
macular degeneration and dia-
betic retinopathy
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pigment epithelial (RPE) cells by Grx1 induction through 
activating the Nrf2 pathway in human fetal RPE cells (Liu 
et al. 2016). Examples of treatments used in clinical trials 
include vitamin B12 eye drops and iodide iontophoresis 
(Seen and Tong 2018). Therefore, the ultimate conclusion 
is that natural antioxidants, active redox agents, are helpful 
to scavenge free radicals or to fix the production of exces-
sive free radicals.

Perspectives and Future Directions

Plants are commonly available, inexpensive, and high in 
polyphenols, which is why they have been used in con-
ventional and herbal medicine, as well as in studies on 
health-promoting compounds. However, keep in mind that 
this is already a long way off. Complete knowledge of bio-
active extract’s chemical profiling and biological activity 
is important but not sufficient. Identification and authenti-
cation of plants, processing, and postharvest care are also 
essential considerations. Genetics and/or environmental 
factors can have a substantial effect on the phytochemi-
cal profile of an extract, impacting both its biological 
activity and consumer safety. The rational identification 
of bioactive components in the raw extract, as well as 
their molecular targets, is an equally critical process. An 
increasing amount of focus is being paid to environmen-
tally sound and consumer-friendly extraction processes 
based on green chemistry concepts, in addition to renew-
able sources. As we already see so frequently in the eyes 
of the general public or the mass media, “plant extract” 
or “natural product” does not necessarily mean “safer” 
than industrial materials in fact, so contamination and/or 
possible side effects must be studied. Targeted compounds 
can be used in biomedical and medicinal science, ranging 
from in vitro to in vivo and clinical trials, to determine 
the candidate compounds’ stability, effectiveness, and side 
effects in the short and long terms.

Polyphenols, especially some stilbenes (resveratrol), are 
reported to increase the shelf life of diverse model organ-
isms such as Drosophila melanogaster (~ 10%), Caeno-
rhabditis elegans (~ 10%), and Saccharomyces cerevisiae 
(~ 70%) by activating SIRT1 and SIRT2 genes which are 
responsible for aging processes. Various clinical and human 
trials suggested that potential drug candidates for various 
polyphenolic compounds as they are effective against vari-
ous noncommunicable diseases like type 2 diabetes melli-
tus, cancer, and cardiovascular and neurodegenerative dis-
orders. Resveratrol was previously overlooked until it was 
linked to the French paradox. The phrase “French paradox” 
was introduced in 1992 about epidemiological data from 

French individuals who had a low incidence of cardiovas-
cular disease despite high saturated fat consumption. This 
conundrum was attributable to their moderate wine intake 
(20–30 g/day), which was anticipated to inhibit platelet 
aggregation. Since 1992, the French paradox has changed 
significantly, and its explanation has been ascribed to the 
positive benefits of resveratrol. Polyphenols are, and will 
undoubtedly continue to be, serious potential candidates in 
the medicinal and medical fields to improve human wellbe-
ing, avoid, and treat multiple diseases, through all of these 
challenges until the identification of an active molecule that 
will become a lead compound.

Conclusions

Aging is a common biochemical phenomenon that can lead 
to a variety of age-related complications, including cancers, 
type 2 diabetes, metabolic syndrome, and neurodegenera-
tive problems. Mitigating the aging process will help peo-
ple live longer and live healthier lives. Traditional dietary 
therapies have been designed to combat age-related illnesses 
and can also help people live longer lives. The effects of 
plant chemicals on longevity and healthspan by specifically 
targeting the aging process have only recently been investi-
gated. As a result, the majority of phytochemical research to 
date has been concentrated on the impact of plant secondary 
metabolites on the biochemical and physiological features 
of age-related diseases. Numerous endogenous and external 
activities generate reactive oxygen species. Oxidative stress 
is caused by an imbalance in the generation of ROS and anti-
oxidant defenses and is mainly associated with the “aging 
theory.” Additionally, oxidative stress is associated with 
several chronic illnesses and, in conjunction with chronic 
inflammation, with sarcopenia and frailty in the elderly. Oxi-
dative stress biomarkers may be useful as a diagnostic tool or 
therapeutic target. Antioxidant therapy, such as resveratrol 
and other dietary supplements, in combination with moder-
ate aerobic exercise, has been shown to improve the clinical 
damage caused by oxidative stress. Additional research is 
required to determine the actual efficacy of these therapeutic 
interventions.
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