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Abstract

Natural polyphenol resveratrol, which can be present in some meals, has drawn a lot of attention due to its dual potential
benefits to health and concerns. Due to its antioxidant qualities, this chemical may provide anti-aging benefits as well as
help reduce oxidative stress. Resveratrol also shows potential for cardiovascular health by lowering inflammation and en-
hancing blood vessel function. Its attraction is further enhanced by its alleged anti-cancer qualities and beneficial effects on
metabolic function. Harnessing its benefits is complicated by issues like low bioavailability, dose-dependent effects, and in-

consistent clinical evidence.
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Introduction

The growing number of people over 60 has be-
come a major Concern. The proportion of people over 60 in
the world rose from 8% to 10% in the preceding 60 years, a
negligible increase [1]. But in the next forty years, this
group is predicted to grow from 0.8 billion to 2 billion peo-
ple, accounting for 22% of the world's population [2]. Living
beings aged by undergoing a series of progressively degener-
ative changes and by becoming more susceptible to internal
and external stimuli [3]. This modification included in-
creased oxidative stress, inflammation buildup, cell apopto-
sis, significant harm to the cellular and organ systems' struc-
tural and functional components [4,5]. Therefore, there is
an increased chance of developing multiple diseases (e.g., ill-
nesses of the nervous system, sarcopenia, heart problems, di-
abetes, obesity, and malignant tumors) as well as an in-
creased chance of dying as one ages [6]. In this sense, reduc-
ing the negative effects of aging on health and halting the de-
velopment of age-related disorders present a challenge to
the aging population [2,7]. Numerous studies have con-
firmed that using natural products or bioactive substances
from traditional Chinese medicine could be a safe and effec-

tive way to prevent Aging and illnesses linked to aging.

In the world of nutraceuticals, some phytochemi-

cals and phytoestrogens which contains bioactive com-
pounds and is mostly present in fruits, veggies, and soy
have seek attention of researchers and health enthusiasm
[8]. These substances consist of four main categories: lig-
nans, isoflavonoids, flavonoids, and stilbenes. Out of them,
the stilbenes particularly resveratrol is generally acknowl-
edged to be good for human health [5,9]. The polyphenolic
phytoalexin molecule resveratrol (3,5,4'-trans-trihydroxystil-
bene) is a member of the stilbene family of phytochemicals
[10]. In addition to grape skins and seeds, other foods that
contain resveratrol include wines, peanuts, berries, and tea
[11]. Resveratrol is reported with many biological activities
like antioxidant, anticarcinogenic, antitumor and estro-
genic. Resveratrol is a biologically active chemical that is
produced by plants that are exposed to radiation or infec-
tion [12]. Resveratrol was originally extracted from the
roots of white hellebore (veratrum grandiflorum O. Loes) in
1940. It was then extracted from the roots of polygonum
cuspidatum in 1963 [13]. The herb Polygonum cuspidatum
is utilized as an anti-inflammatory and anti-platelet agent in
traditional Chinese and Japanese medicine [14]. More than
70 plant species have been shown to contain resveratrol, par-
ticularly in small amounts seen in red wines and other hu-
man diets [15]. Due to Vitis vinifera's reaction to fungus,

resveratrol is found in high concentrations in grapes.

Table 1: Major source of resveratrol

Source Concentrations References
Grape juice 1.14-8.69 mg/IL 16
Wine 0.32-15.35 pg/g 17
Peanut butter 0.02-0.98 pg/g 18
Black grapes 0.95-1.88 pg/g 19
Green grapes 0.01 pg/g 16
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Figure 2: Biological properties of Resveratrol

Chemistry of Resveratrol

As a stilbenoid polyphenol, resveratrol consists of
an ethylene bridge joins two rings of phenol. Resveratrol
(trans-3,5,40-trihydroxystilbene) has been found to exist in
two isomeric forms: Resveratrol, both trans- and cis-form.

Trans form is more common than other forms and is
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thought to have a variety of biological effects, including trig-
gering cellular reactions such as apoptosis, differentiation,
and cell cycle arrest, as well as strengthening the ability of
cancer cells to resist proliferating. The molecular formula
for resveratrol is E-5-(4-hydroxystyryl) benzenel,3-diol (IU-
PAC nomenclature) [20]. There are two geometric isomers

of it: trans-(E) and cis-(Z). When trans form is exposed to
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UV radiation, it can isomerize into cis form. It was discov-
ered that Trans-resveratrol powder remained stable at "ac-
celerated stability” conditions of 40 °C and 75% humidity in
the presence of air [21]. The restricted bioavailability of
resveratrol impeded its use in medicine. Because of this, re-
searchers have concentrated especially on altering the struc-
ture of resveratrol, leading to the development of several
resveratrol derivatives, such as hydroxylated, methoxylated,
and halogenated derivatives. These substances all appear to

have prospective medicinal uses.

Biological Activities of Resveratrol
Anti- oxidant

Reactive oxygen species (ROS) production and an-
tioxidant defence are out of balance in oxidative stress,
which can result in a number of age-related illnesses include
diabetes, cancer, chronic renal disease, cardiovascular dis-
ease, and neurological diseases. Overproduction of ROS
causes inflammation, mitochondrial dysregulation, and cell
death. If Glucose is autoxidized it may contribute to the
overproduction of ROS and oxidative stress. Resveratrol is
one of the powerful antioxidant drugs, due to three hydrox-
yl groups in structure [22]. It inhibits the effect of excessive
ROS production. When resveratrol is administered to pri-
mary epidermal keratinocytes, endogenous glutathione pro-
duction increases 1.3-fold, while the cellular redox environ-
ment and endogenous ROS production are quantitatively re-
duced [23]. Resveratrol appears to play a part in preserving
cellular redox equilibrium since it inhibits both a rise in the
production of reactive oxygen species and a fall in the poten-
tial of the mitochondria in astrocyte cells treated with am-
monia. Resveratrol has a protective effect against the damag-
ing effects of reactive oxygen species (ROS) by preventing
the attenuation of oxidative phosphorylation, decreasing mi-
tochondria fragmentation, and maintaining the potential of
the mitochondrial membrane in fibroblasts exposed to
rotenone [24]. Resveratrol inhibits oxidative stress and in-
flammation in obese mice fed a high-fat diet, preventing he-

patic steatosis.
Anti-inflammatory

Resveratrol inhibits the transcription and transla-

tion of IL-6, which reduces the amount of the protein secret-
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ed by macrophages. Similarly, resveratrol treatment to
monocyte cells reduces the production of two inflammatory
mediators, TNF-a and IL-8, without leading to cytotoxicity.
According to Xia et al. (2018) [25], resveratrol dramatically
reduces pancreatic stellate cells' ability to produce extracellu-
lar matrix proteins, which is a step towards the develop-
ment of pancreatic fibrosis [26]. Moreover, resveratrol con-
tributes to the suppression of toll-like receptors, which
when activated can increase the activation of both h innate
and adaptive immunity and induce the production of proin-
flammatory cytokines and chemokines [27]. Resveratrol
dose-dependently inhibits the synthesis of TNF-q, IL-1, and
IL-6 in chondrocytes with osteoarthritis and decreases ma-
trix-metalloprotease expression. Moreover, oral implantolo-
gy patients who receive resveratrol treatment have de-
creased serum levels of TNF-a, IL1f, and IL-17A, and elevat-
ed levels of IL-2, IL-6, and IL-10. resveratrol effectively in-
hibits NF-kB signaling by reducing the activities of NF-xB
and IxB kinase as well as by regulating the phosphorylation
of JAK/STAT signaling pathways.

By preventing mast cell degranulation and lower-
ing intestinal epithelial cell apoptosis, resveratrol protects
against intestinal ischemia-reperfusion injury and averts to-

tal organ failure [28].
Antiglycation Activity

Tissue injury can result from the physiological,
non-enzymatic process of glycosis. It takes place between
proteins, DNA, and lipids and free reducing sugars. Sugars'
reactive carbonyl groups, which produce intermediate Ama-
dori products, typically start the process [22]. Advanced gly-
cation end products (AGEs) are created by further modify-
ing these products by oxidation, dehydration, polymeriza-
tion, and cross-linking. Furthermore, hyperglycaemia can
result in the formation of glycated macromolecules during
oxidative stress [29]. Glycated macromolecule accumula-
tion, primarily of proteins, is thought to be a reasonable
marker of tissue damage associated with aging and age-relat-
ed disorders and has been demonstrated to affect organ
function. Impairment to the elastic and collagen fibers
caused by AGE:s is intimately linked to changes in the der-
mal layer's fibroblast-rich top layer, which interacts with the

epidermis directly to reduce epidermal thickness and stratifi-
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cation [6,30,31]. The presence of resveratrol and its deriva-
tives can inhibit the senescent phenotypes that are caused
when cultured dermal fibroblasts are treated with methylgly-
oxal. Glycation of the skin damages the top layers of the der-
mis, especially the collagen and fibroblast-dense area that in-
teracts directly with the epidermis, resulting in senescence--
like alterations. These occurrences are intimately linked to
changes in the epidermalization kinetics, as shown by the
build-up of nucleated keratinocytes that have a reduced abil-
ity to differentiate and contribute to the stratified layers that
constitute the skin barrier. Natural compounds have the
ability to prevent or restore these glycation-related conse-
quences [31]. Resveratrol has been shown to have the
strongest effect on AGE formation suppression, fibroblast
density enhancement, ROS production inhibition, collagen

repair, and epidermal stratification.
Anti-Cancer Activity

Anti-cancer drug resveratrol has been demonstrat-
ed to change a number of cellular pathways related to tu-
mor growth. It has been demonstrated to be chemo preven-
tive in a number of tumor types, such as canine oral mucos-
al melanoma cells, which upregulate differentiation marker
mRNA expression and improve sensitivity to cisplatin [32].
Additionally, it possesses the capacity to inhibit 17f3-estradi-
ol in breast cancer cells, perhaps boosting its bioactivity. It
can also make colorectal cancer cells more sensitive to 5-flu-
orouracil, which may help them overcome resistance to
more potent treatments. In tumor cells, resveratrol stimu-
lates the pathways leading to programmed cell death while
inhibiting the PI3-kinase, AKT, and NF-kB. signaling path-
ways [33]. Through the SIRT1 signaling pathway, it sup-
presses NF-kB phosphorylation, and its actions are connect-
ed to the growth of tumors through other processes. Accord-
ing to recent research, resveratrol causes lung cancer cells to
undergo autophagy and death, with protective autophagy
being boosted at concentrations lower than 55 pM. It also in-
hibits the growth of osteosarcoma cells and removes the ca-
pacity for self-renewal of MG-63 and MNNG/HOS cells.
Resveratrol suppresses Wnt signaling in colon cancers, re-
ducing cell migration and proliferation [34]. It inhibits the
expression of B-catenin, targeting the genes c-Myc, MMP7,
and surviving, and stops the growth of breast cancer stem--

like cells. Cancer types have higher levels of Nrf2 expres-
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sion, and resveratrol stimulates the Nrf2 signaling pathway,
which leads to the separation of the Nrf2-Keapl complex
and increased transcription of antioxidant enzymes. Resver-
atrol decreases the production of hypoxia-inducible factor-1
and vascular endothelial growth factor, which lowers the re-
lease of VEGF. It affects autophagy, DNA transcription, cell
cycle regulation, and drug bioavailability [35]. Additionally,
it suppresses leukaemia cell growth and induces apoptosis
through pro-apoptotic and anti-metastatic action. Cancer
treatment and prevention can benefit from these benefits.
Resveratrol enhances cancer cell sensitivity to chemothera-
peutic agents by promoting drug absorption, limiting drug
metabolism, and reducing efflux [36]. By altering ROS lev-
els, modifying DNA repair mechanisms, and impacting cell
death pathways, it targets resistance factors in cancer cells.
By suppressing the stem-like characteristics of lung cancer
stem cells and lowering IL-6 levels, resveratrol nanoparti-
cles reduce tumor activity in lung cancer. It also targets
non-coding RNAs and cancer stem cells, which are impor-
tant for drug resistance and stemness and have an impact
on the development and spread of cancer. Resveratrol in-
hibits the initiation, development, and advancement of tu-
mors at every stage of the carcinogenesis process. It inhibits
enzymes that lead to the formation of cancer, detoxifies car-
cinogens, offers antioxidant defence, and shields DNA from
oxidative damage [32]. Resveratrol is a promising anti--
cancer drug for use in upcoming cancer prevention and
therapy plans because of its wide range of anticancer ac-

tions.

Resveratrol has been shown to have anti-cancer
properties; thus, nano-formulations such as polymeric, lipo-
some, micelle, metallic, and solid lipid nanoparticles have
been created [34,37]. These systems enhance stability, solu-
bility, and penetration across biological membranes. Resver-
atrol can also be used in nanomedicines with compounds
like curcumin, quercetin, paclitaxel, docetaxel, 5-fluoroura-
cil, and siRNAs to increase its anti-cancer activity. In solid
tumor cell lines MCF-7, HeLa, and HepG2, resveratrol en-
hanced cytotoxicity and reduced side effects when coupled
with standard anti-cancer medications docetaxel and dox-
orubicin. Additionally, it strengthened fluorouracil's anti-tu-
mor action in murine hepatoma22 cells. Resveratrol encap-
sulation in silica nanoparticles significantly enhances solu-

bility and release kinetics, enhancing antibacterial and anti--
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cancer effects. Human breast cancer cells have demonstrat-
ed anti-cancer activity towards nano-resveratrol encapsulat-
ed in lecithin. The stability and solubility of resveratrol may
be increased by novel delivery methods such as metallic
nanoparticles, liposomes, micelles, and polymeric nanoparti-
cles. Combining resveratrol with other anti-cancer drugs
can increase cytotoxic effects and decrease side effects. How-
ever, clinical studies on nano-resveratrol in various cancers

are limited, and most trials have not been completed.

Mitochondria-Related Anti-Cancer Effects of Resver-

atrol

Resveratrol inhibits the apoptotic pathways of the
mitochondria, interferes with energy metabolism, increases
oxidative stress, modifies mitochondrial calcium, targets
cancer stem cells, reduces inflammation, and eliminates mi-

tochondria.

It has been discovered that resveratrol causes can-
cer cells to undergo mitochondria-mediated apoptosis,
which is essential for unchecked cell division. The release of
cytochrome c, an essential element in the apoptotic cascade,
is the cause of this [38]. Proapoptotic proteins like Bak and
Bax are activated by resveratrol, and this permeabilization
of the mitochondrial outer membrane can result in the re-
lease of apoptogenic substances. Additionally, it tips the
scales in favor of apoptosis by inhibiting antiapoptotic pro-
teins including Bcl-2 and Bcl-xL. Resveratrol has the ability
to increase oxidative stress in the mitochondria, which can
cause dysfunction in the mitochondria and accelerate apop-
tosis. Additionally, it can affect different signaling pathways
within the cell, which can affect mitochondrial activity and
trigger apoptosis, ultimately resulting in the death of tumor
cells [32]. Resveratrol dose-dependently decreased cell via-
bility and increased ROS level and apoptosis in human col-
orectal cancer cells. Additionally, it showed how various
pro-apoptotic effects in colorectal cancer might be achieved
via p53 and Sirt-1 regulation. Resveratrol is therefore a subs-
tance of interest for therapeutic uses in oncology since it has

the ability to inhibit tumor growth.

By modifying the energy metabolism of cancer
cells, resveratrol affects a vital mitochondrial function. The
Warburg effect refers to the tendency of cancer cells to refo-

cus their metabolic attention toward glycolysis, even in the
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presence of oxygen. By preventing aerobic glycolysis, resver-
atrol lowers the survival and growth of cancer cells. It can al-
so alter gene expression, transcription factors, and several
signaling pathways to change how glucose and carbohy-
drates are metabolized in cancer cells [34]. Research has de-
monstrated that resveratrol suppresses development in PC3
prostate cancer cells by metabolically switching from aero-
bic glycolysis to oxidative phosphorylation, inhibits glycoly-
sis through the PI3K/Akt/mTOR signaling pathway in hu-
man cancer cells, and decreases the intake of glucose by can-
cer cells. Additionally, resveratrol raises the amount of vas-
cular endothelial growth factor and inhibits the growth of
colon cancer cells. Because resveratrol inhibits mitochon-
drial ATP synthase, it may reduce the amount of ATP pro-
duced by cancer cells, which may suppress the growth of tu-
mors [37]. This mitigates the Warburg effect and increases
the effectiveness of cancer treatments by increasing the sus-
ceptibility of tumor cells to therapeutic actions. It has been
shown that resveratrol, a substance that can function in can-
cer cells as a potent pro-oxidant as well as an antioxidant, is
specifically harmful to cancer cells. It increases the level of
oxidative stress in the mitochondria, which damages and
kills cells while preserving healthy ones. Both pro- and an-
tioxidant actions are involved in resveratrol's anti-cancer
properties. Research has demonstrated that in HeLa cells,
resveratrol can suppress light chain 3-II expression, ROS ac-
tivation, and cell proliferation. It also reduces OxPhos pro-
tein concentrations and fluxes in tumor mitochondria, in-
creasing cellular ROS production and decreasing SOD activ-
ity and GSH levels. Through strong mitophagy activation
and increased ROS production, resveratrol can kill cells by
preventing OxPhos from functioning and halting the
growth of metastatic HeLa cancer cells. By interacting with
mitochondrial calcium channels, resveratrol influences in-
tracellular calcium levels as well as cellular functions like
apoptosis and energy metabolism [36]. The survival and pro-
liferation of cancer cells depend on these modifications. Ele-
vated calcium concentrations can change the potential of
the mitochondrial membrane and activate enzymes, which
can impact the viability and functions of cells. Additionally,
resveratrol can interfere with cellular signaling pathways,
which can impact the differentiation, cell cycle progression,
and stress response. This has the potential to stress cancer

cells, interfere with their capacity to adjust metabolically,
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and make them more vulnerable to anti-cancer therapies.
Research indicates that resveratrol increases the uptake of
calcium into the mitochondria of cancer cells, hence induc-
ing cell death in a specific manner [33]. This modification
can increase cancer cells' susceptibility to anti-cancer treat-
ments. Metabolic plasticity and chemotherapeutic
medicines' harmful effects on tumor cells are crucial. Resver-
atrol can weaken these resistances by altering mitochondrial
functions and causing apoptosis. Combining resveratrol
with standard medicines can increase cytotoxic effects, po-
tentially reducing drug dosages while enhancing the results
of therapy. Because of their resistance mechanisms, cancer
stem cells, a distinct subpopulation of tumor cells, frequent-
ly evade standard therapies. Because of their mitochondrial
metabolism, which depends on oxidative phosphorylation
to provide energy, they could be the subject of therapeutic
interventions. Resveratrol, a drug, has been suggested to tar-
get these cells by inhibiting their bioenergetic function, po-
tentially depleting their energy reserves and promoting cell
death [39]. This strategy may lessen tumor recurrence and
improve the effectiveness of current cancer treatments. The
extracellular matrix, stromal cells, and cancer cells that
make up the tumor microenvironment frequently display
pro-inflammatory states that aid in tumor growth and im-
mune system evasion. Resveratrol, an anti-inflammatory
agent, can modulate mitochondrial functions, reducing the
production of pro-inflammatory cytokines like TNF-a,
IL-6, and IL-1p. This mitigation can potentially hinder tu-
mor growth and progression, and restore immune cell func-
tion, making them more effective in targeting and eliminat-
ing cancer cells. Mitophagy, a specialized autophagy, is cru-
cial for maintaining cellular homeostasis by selectively de-
grading damaged mitochondria. Dysregulated mitophagy
can lead to diseases like cancer, as it can cause oxidative
stress and DNA damage. Resveratrol, an antioxidant, can ac-
tivate mitophagy pathways by upregulating proteins and re-
ceptors, preventing mitochondrial dysfunction and reduc-
ing the harmful effects of oxidative damage. This makes can-
cer cells more vulnerable to therapies, thereby enhancing

their survival benefits under stress.

Cardiovascular Protective

Atherosclerosis is the most prevalent cause of car-

diovascular diseases (CVDs), which are conditions that af-
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fect the heart and blood vessels. These conditions include
coronary heart disease, cerebral vascular disease, peripheral
arterial disease, rheumatic heart disease, hereditary heart ill-

nesses, thrombosis, and embolism [40].

Approximately 20 molecular targets have been
identified by resveratrol, through which it interacts and in-
fluences the activity of numerous molecules linked to cardio-
vascular disease. Since resveratrol is often regarded as a
weaker antioxidant than frequently supplied vitamin C, it is
through these direct and indirect actions that resveratrol dis-
plays its promising potential in treating numerous diseases,
including antioxidant properties. Among these molecular
targets, the estrogen receptor (ER), nuclear factor ery-
throid-derived 2-related factor-2 (Nrf2), AMP-activated pro-
tein kinase (AMPK), and class III histone deacetylase sir-
tuin 1 (SIRT1) are of particular significance. Patients with a
variety of cardiovascular illnesses always have some degree
of impairment in the endothelial relaxation process [41]. Its
malfunction as a precursor to atherosclerosis is closely
linked to NO generation and bioactivity, both of which are
positively impacted by resveratrol. Protein deacetylase Sir-
tuin 1 (SIRT1) has the ability to alter a wide range of
metabolic pathways by deacetylating a large number of his-
tone and non-histone proteins. SIRT1 is a member of the
seven genes that make up the conserved family of silent in-
formation regulatory genes (SIR). High expression of SIRT1
occurs in endothelial cells, where it can regulate angiogenic
activity during vascular remodeling and growth [42]. SIRT1
is a shuttle between the nucleus and cytoplasm. SIRT1 ap-
pears to promote mRNA stability and the transcription of
the nitric oxide synthase (eNOS) gene. Resveratrol's impact
on endothelial cells' eNOS expression is mediated via SIRT1
rather than the estrogen receptor. The upregulation caused
by resveratrol is inhibited when the SIRT1 gene is knocked
down by siRNA, whereas eNOS production is elevated
when the gene is overexpressed. Furthermore, SIRT1 in-
creases eNOS activity in two ways: (a) SIRT1 and eNOS co-
localize in endothelial cells, where SIRT1 deacetylates
eNOS; and (b) the calmodulin-binding domain of eNOS's
lysines 496 and 506 mediate the SIRT1- induced rise in en-
dothelial NO. To provide more insight into the RESV/S-
TAT 1/eNOS pathway, Xia et al. [25] have demonstrated
that downregulating the forkhead box proteins O 1 and 3a
(FOXO1 and FOXO3a), which are located downstream of
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signal transducer and activator of transcription 1 (STAT 1),
may inhibit the transcriptional activation of eNOS induced
by resveratrol. Similar to SIRT1, AMP-activated protein ki-
nase (AMPK) is a conserved enzyme whose activity is corre-
lated with the cell's energy condition. The effects of RESV
on the cell are mediated by the SIRT1 and AMPK signaling
pathways. Through direct contact with SIRT1, RESV may
cause liver kinase (LKB 1) to become deacetylated, which
may then phosphorylate and activate AMPK [43]. By com-
petitively blocking the enzyme that breaks down cAMP,
phosphodiesterase (PDE), RESV may also indirectly acti-
vate SIRT1 [40,42]. When cAMP builds up, it activates the
cAMP effector protein Epacl, raises intracellular Ca2+ lev-
els, and Activates the pathway of CamKKB-AMPK. In both
scenarios, PGC-1a is phosphorylated as a result of AMPK

activation, preparing it for SIRT1's final deacetylation.

An important regulator of mitochondrial biogene-
sis and oxidative metabolism, activated PGC-1a, coactivates
nuclear respiratory factors (NRF-1 and NRF-2). The tran-
scription of genes involved in mitochondrial biogenesis is
brought on by these factors. The nicotinamide salvation
route, which involves nicotinamide phosphoribosyl trans-
ferase (NAMPT) and nicotinamide mononucleotide adeny-
lyl transferase (NMNAT), increases the NAD+/NADH ratio
as a result of AMPK activation. This, in turn, positively
loops to activate NADsensitive SIRT1. Because AMPK acti-
vation needs multiple ATPs, which may not always be pre-
sent in particular pathophysiological situations, NAD+ lev-

els may not always rise as a result of it.

Resveratrol and Estrogen Receptor (ER)

In addition to the conventional route, which in-
volves the ER's activation of a signaling cascade in response
to estradiol and other estrogenic compounds, the ER can al-
so repress genes related to inflammation by means of trans-
repression, which is achieved through its interaction with ac-
tivator protein complexes and NF-kB. Resveratrol was
found to be one of the most successful ligands in a screen-
ing procedure for estrogen receptor-a (ERa) ligands that
block the generation of IL-6 by Srinivasan et al. in 2013
[40]. The same group subsequently provided evidence that
RESV's anti-inflammatory effect is predominantly ERa me-

diated and showed how it modulates the inflammatory re-
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sponse by acting as an ERa ligand, but not cell proliferation.
Although they do not bind normal ER ligands, orphan re-
ceptors—also referred to as estrogen-related recep-
tors—have a structure similar to that of ER. There are three
isoforms of ERRs, and the principal respiratory chain gene
regulator is designated as ERRa, the alpha isoform. In addi-
tion to cells and tissues, resveratrol's activity is reliant on
several metabolic processes. For example, resveratrol activat-
ed the ER and ERRa signaling pathways as well as SIRT1
and AMPK-independent mitochondrial activity in human fi-
broblasts.

Resveratrol and CVD Related to COVID-19

Meta-analyses conducted in 2020 indicate a strong
correlation between the severity of COVID-19 sickness and
underlying disorders, including cardiovascular disease
(CVD). Functional supplement resveratrol may be used to
treat COVID-19 by reducing COVID-19 severity and miti-

gating CVD risk factors in patients with poor prognoses.

It was discovered that resveratrol, which is well--
known for its antiviral properties against respiratory virus-
es, inhibited SARS-CoV-2 replication in Vero cells, indicat-
ing promise as a therapeutic treatment. Additionally, it acts
as a cardioprotective supplement, reducing the cardiotoxici-
ty that SARS-CoV-2 patients may experience from treat-
ment with chloroquine or hydroxychloroquine. Patients
with COVID-19 have a procoagulative state; thrombotic le-
sions in pulmonary microvessels are twice as common in
critical patients as in noncritical ones. Severe COVID-19 is
correlated with a high risk of thromboembolism, which rais-
es the risk of mortality [40]. With its antithrombotic proper-
ties, resveratrol is suggested as a supportive care measure.
SARS-CoV-2-induced hyper inflammatory syndrome in-
creases COVID-19 disease severity and death. Studies on
the anti-inflammatory effects of resveratrol have revealed de-
creased generation of inflammatory cells and pro-inflamma-
tory cytokine buildup. Agent’s nutraceutical that target mi-
croRNAs that modulate inflammation may be able to stop
cytokine storms. It has been discovered that resveratrol has
a sanatory effect on the pathophysiology of SARS-CoV-2
linked to CVD. To avoid lung and heart damage, it boosts
the angiotensin 1-7/Mas receptor axis and decreases the an-

giotensin II/angiotensin II type 1 receptor axis.

] Med Plant Herbs 2024 | Vol 3: 101



This implies that resveratrol might be a useful die-
tary supplement to lessen the renin-angiotensin system im-
balance associated with the pathophysiology of COVID-19.
In advanced COVID-19 instances [44], SARS-CoV-2 infects
vascular endothelial cells, resulting in inflammation and da-
mage. Resveratrol can shield vascular function, averting
end-organ damage and thrombotic events by increasing en-
dothelial NO production and lowering oxidative stress.
Drugs that influence immune cell activity, such as resvera-
trol, may have enhanced the cytotoxic capability of immune
cells in COVID-19 patients, assisting in the removal of
SARS-CoV-2 infection and regaining control over immune
responses, ultimately minimizing tissue/organ damage.
Resveratrol may lessen COVID-19-induced tissue and or-
gan damage and stop viral protein binding on host cells,
which could help treat the infection [45]. It also has the po-
tential to decrease oxidative stress [40,44]. Resveratrol has
potential to alleviate COVID-19 disease, reduce its conse-
quences, and potentially decrease morbidity risk during in-

fection and convalescence.
Effects of Resveratrol on Human Kidney

Two clinical trials have looked into how RSV af-
fects kidney illness in people [46]. A pilot study found no
significant effects and low toxicity in non-Dialysis Chronic
Kidney Disease patients, with antioxidant and anti-inflam-
matory markers unchanged. A study by Lin et al. [47] found
that low-dose or high-dose RSV intake for 12 weeks im-
proved mean net ultrafiltration volume and rate in peri-
toneal dialysis (PD) patients. High-dose RSV reduced angio-
genesis markers and increased angiopoietin receptor and
thrombospondin-1 levels in peritoneal dialysate effluent.
The study suggests that longer administration duration of
specific doses may be required for beneficial effects. Re-
search shows that RSV administration can improve insulin
sensitivity, reduce serum glucose and cholesterol levels, and
improve kidney function in type 2 diabetic patients. A ran-
domized study found that oral RSV administration in-
creased insulin sensitivity, reduced serum creatinine levels,
and maintained GFR [46]. A related study discovered that
RSV treatment enhanced the lipid profile and decreased the
levels of triglycerides and total cholesterol, indicating im-

proved kidney function. Research indicates that administer-
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ing RSV to patients with established renal disease and dia-
betic nephropathy protects the kidneys, emphasizing the ne-
cessity for more clinical trials to determine the precise bene-

fits of the medication.

Neuroprotective

One possibility for a neuroprotective agent against
Alzheimer's disease is resveratrol and its derivatives. They
can lessen AD-related neurodegeneration by preventing tox-
ic AP from aggregating [48]. Additionally, they contain an-
ti-inflammatory and free radical scavenging qualities, which
may guard against cerebrovascular endothelial dysfunction
and preserve the integrity of the blood-brain barrier. Drug
design may employ modifications based on hybrid resvera-
trol derivatives and selenium nanoparticles [49]. But resvera-
trol's limited therapeutic applicability stems from its low
bioavailability. With improved pharmacokinetic characteris-
tics, gnetin C—a naturally occurring stillben resveratrol
dimer—has the potential to lessen the incidence of neurode-
generative illnesses like Alzheimer's. Additional research is

required to confirm its impact on human metabolism.
Anti-Bacteria

The chemical resveratrol interacts with more than
20 proteins in eukaryotic species, such as Escherichia coli
and bovine ATP synthase [50]. It partially inhibits the pro-
cesses of ATP generation and hydrolysis in Arcobacter spp.,
Mycobacterium smegmatis, and Escherichia coli. Addition-
ally, it stops E. Coli cells from growing on non-fermentable
carbon sources and restricts growth on fermentable glucose

by inhibiting oxidative phosphorylation.

In E. coli, resveratrol causes DNA fragmentation
and increases the SOS stress-response regulon, but these ac-
tions are not directly linked to growth inhibition. By inhibit-
ing the production of ftsZ, a crucial protein in septum for-
mation during cell division, it also has an impact on cell divi-
sion [50]. Treatment with resveratrol has been linked to
membrane damage because of increased uptake of propidi-
um iodide and increased leakage of potassium, but not Sta-
phylococcus aureus. Resveratrol's pleiotropic effects imply
that different bacterial species may have different targets, al-
though the exact mechanism underlying the inhibition of

bacterial growth is still unknown.
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Antifungal Activity

RSV often had minimum inhibitory concentra-
tions (MICs) that demonstrated considerably stronger anti-
fungal than antibacterial activity [50]. RSV inhibitory activi-
ty varies from 25 to 50 ug/mL for the fungal dermatophytes
Trichopterone mentagrophytes, Trichopterone tonsurans,
Trichopterone rubrum, Epidermophyton floccosum, and
Microsporum gypseum. The inhibitory action against Can-
dida albicans, Saccharomyces cerevisiae, and Trichosporon

beigelii is 10-20 pg/mL.

Another study has not shown up any evidence of
candidiasis. The plant pathogen against which RSV activity
proven to be inhibitory is B. cinerea, the whole gray mold or-
ganism in which B germination has been occurring [51].
There have been reports of doses ranging from 60 to 140

pg/mL for B. cinerea conidia and mycelial development.
Ant virulence Properties

The term "virulence" refers to a pathogen's capaci-
ty to infect a host. Its virulence factors encompass the host--
damaging mechanisms (e.g., toxin excretion) as well as the
instruments it uses to establish a condition (e.g., adhesion,
invasion, invasion, and biofilm development) [50,52]. Quo-
rum sensing (QS) and two-component systems (T'CSs) also
tightly control virulence gene expression, enabling timely
and well-organized environmental adaptation. The method
by which ant virulence substances disarm a pathogen's po-
tential to injure a host and, depending on the host immune
system, eliminate the germs is the main focus of their thera-

peutic usefulness.
Antibiofilm Properties

Bacteria can exist as extracellular materials called
biofilms or as planktonic cells that are grouped together and
adhered to surfaces. One benefit of bacterial biofilm produc-
tion is that it produces a more stable habitat that protects
against environmental threats such as antibiotics and phago-
cytosis [53,54]. Biofilms are now recognized as a therapeuti-
cally important issue associated with recurring and long-
lasting infections. RSV has also been shown to have the abili-
ty to reduce the growth of biofilms on certain bacterial infec-

tions. At dosages 4-64 times below the lowest inhibitory
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concentration, RSV inhibits the growth of biofilms in the
Gram-negative anaerobic bacteria Fusobacterium nuclea-
tum, which is implicated in dental plaque, without affecting
the development of planktonic cells. Additionally, RSV ex-
hibits antibiofilm qualities against E. coli, P. acnes, and V.
cholerae, two to six times the minimum inhibitory concen-
tration (MIC).

Antimotility Properties

Motility is essential for many bacterial species
when they are colonizing an area. Motion might be pro-
duced, for example, by swimming and swarming, which
need the development of functional flagella, and twitching,
which requires type IV pili. P. mirabilis shows a dose-depen-
dent decrease in swarming capacity at subinhibitory concen-
trations of RSV [23,53,54]. The TCS protein RsbA is a nega-
tive swarming regulator that is essential to RSV's capacity to
regulate swarming. Inhibiting certain genes related to motili-
ty and flagellar function, RSV restricts the ability of E. coli
to swim and swarm. There have also been reports of Vibrio

vulnificus having less ability to swarm.

Toxin Interference

Due to their numerous structurally and functional-
ly unique toxins, bacterial pathogens play a major role in
the development of disease. Remarkably, some research
suggests that RSV obstructs the expression of toxins. RtxAl
is a multifunctional cytotoxic toxin needed for death in
mice caused by V. vulnificus, and treatment with RSV re-
duces rtxAl expression. SV specifically binds cholera toxin
(CT) in V. cholerae and inhibits its endocytosis into host
cells, potentially preventing diarrhea caused by CT. Conse-
quently, RSV dramatically lowers S. aureus in human blood
cells; however, the mechanism of suppression is yet un-

known.
Interference with Quorum Sensing

Through cell-to-cell communication, quorum sens-
ing mechanisms enable bacteria to respond to density and
control gene expression. QS controls the expression of viru-
lence genes in bacterial pathogens, enabling a coordinated
attack that may be able to overcome host defenses [55,56].
QS entails the production and release of signal molecules

known as autoinducers, which increase cell density. The bac-
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teria alter gene expression when they identify an autoinduc-
er threshold limit. At a concentration that has no effect on
growth characteristics, RSV prevents Yersinia enterocolitica
and Erwinia carotovora from synthesizing the autoinducers
Nacyl-homoserine lactones [57]. RSV uses an unidentified
mechanism to impact QS systems in Chromobacterium vio-
laceum and Escherichia coli. Therefore, at doses up to 64
times lower than growth-inhibitory values, RSV influences
a variety of virulence properties [58]. If RSV can have some
uses as a compound for ant virulence needs to be tested in

appropriate animal studies.

Resveratrol Interactions: Drugs Perspective
Interaction with Cytochrome P450

Patients who use conventional medications fre-
quently use natural goods, which increases the possibility of
drug interactions between natural products and medica-
tions. Numerous drugs may interact with resveratrol [39].
At high concentrations, it may cause interactions with differ-
ent forms of cytochrome P450 (CYP). It has been document-
ed that resveratrol inhibits CYP3A4 activity in both healthy
volunteers and in vitro. Consequently, high resveratrol in-
takes, even when taken as supplements together with other
medications, may lessen the metabolic clearance of drugs
that go through a lot of first-pass CYP3A4 metabolism,
which would increase the drugs’ bioavailability and toxicity
risk. These polyphenols may be advantageous or detrimen-
tal because they have been shown to have substantial interac-
tions with phase I and II enzymes both in vitro and in vivo.
In fact, those on medications like tamoxifen, whose effective-
ness depends on CYP enzymes and is highly specific, may
be especially vulnerable [3,52]. Therefore, when using high-
er amounts of supplementary resveratrol for health benefits

like chemoprevention, care should be exercised.

Interaction with Transporters

In pharmacological interactions, resveratrol has
been shown to inhibit P-glycoprotein, MRP2, and
OAT1/OAT3. Few clinical investigations have been done,
and interactions with transporters are not thoroughly
known [59]. Higher dosages are thought to compete with
other polyphenols for transporters, which would limit their

absorption and any possible synergistic benefits. There is a

JScholar Publishers

11

need for more research because the absorption, distribu-
tion, renal excretion, and elimination of the active compo-
nents in resveratrol in humans have not been thoroughly

studied.

Interaction with Anticoagulant and Antiplatelet

Drugs

Resveratrol has been shown to stop human platelet
aggregation in vitro. Large doses of resveratrol supplements
taken in conjunction with anticoagulant, antiplatelet, and
even non-steroidal anti-inflammatory drugs (NSAIDs) may

make bleeding and bruising more likely.

Side-Effects of Resveratrol

Future research on the medication resveratrol may
be beneficial because it hasn't demonstrated any harmful or
incapacitating adverse effects. Although it has been utilized
in a number of in vitro and in vivo investigations, it is still
important to determine the best dose and mode of adminis-
tration. In tumor tissues, resveratrol causes cell death with
comparatively no impact on the neighboring normal tis-
sues. Disparities in the cellular targets that are accessible
and the expression of certain genes in as a result, resveratrol
is particular to tumors [60]. Higher doses cause tumor cells
to die through pro-apoptotic actions, whilst lower amounts

may have positive health consequences.

While 2.5 g or more per day may cause nausea,
vomiting, diarrhoea, and liver damage in people with non-
alcoholic fatty liver disease, short-term dosages (1.0 g) do
not seem to have any negative effects. However, long-term
clinical investigations revealed no significant adverse ef-
fects. It has been determined that resveratrol, either taken as
part of a multi-day dosing regimen or as a single dose up to

5 g/day, is safe and well-tolerated [61].

The fact that resveratrol taken orally is metabol-
ized by the gut microbiota complicates the dose-dependen-
cy and mode of delivery, making it challenging to distin-
guish between effects that are exclusively attributable to
resveratrol and those that are also caused by its metabolites.
Research has demonstrated that, in hypercholesterolemic
rabbits, resveratrol does not prevent atherosclerosis; on the

contrary, it accelerates its development.
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High doses of resveratrol have been shown to both
inhibit cell growth and trigger apoptosis in normal cells, de-
monstrating the biphasic nature of the compound's effects
throughout a range of concentrations [62]. It quickly and in
a dependent manner activates Src, matrix metalloprotei-
nase, epidermal growth factor receptor, mitogen-activated

protein kinase (MAPK) in MEK-1.

In summary, resveratrol has demonstrated encour-
aging promise for use in the development of pharmaceuti-
cals that don't have harmful or incapacitating side effects.
To find the best dosage and mode of administration for this

intriguing medication, more research is required.
Negative Effects of Resveratrol

It has been discovered that resveratrol, a well--
known antioxidant with positive biological benefits, acts as
a pro-oxidizing agent, which may have an effect on the

pathophysiology of a number of disorders.

Its ability to upregulate cells' antioxidant defense
and scavenge reactive oxygen species (ROS) is responsible
for its antioxidant potential. According to studies, resvera-
trol can function as a signaling substance found in tissues
and cells that controls the expression of genes and proteins

via redox-sensitive intracellular activation of pathways.

ROS can be produced by the (auto-) oxidation of
resveratrol, which produces semiquinones and the relatively
stable 40-phenoxyl radical. The pH and the existence of or-
ganic bases or hydroxyl anions affect the oxidative respons-
es of polyphenols [63]. According to a study by Martins et
al. [64], depending on the dose or treatment duration speci-
fied, resveratrol can regulate many pathways at once, pro-

ducing unique and even opposing biological effects.

Over shorter exposure times, resveratrol's dose-de-
pendent pro-oxidative action causes oxidative stress in cells;
however, at the same dose and longer exposure times, less
pronounced cytotoxicity was observed. This shows that, as
resveratrol's effects lessen with duration of treatment, surviv-
ing cells appear to be more resilient to the damage it causes
[65]. It has been shown that low concentrations of resvera-
trol (0.1-1.0 pg/mL) increase cell proliferation, whereas

greater levels (10.0-100.0 pg/mL) cause endothelial cells
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and human malignancies to undergo apoptosis and have

less mitotic activity.

Recently, it was shown that resveratrol had dual
pattern effects on the death and proliferation of HT-29
colon cancer cells [31,53]. At low concentrations, resvera-
trol increased the number of cells, but at larger dosages, it
decreased the number of cells and raised the percentage of

necrotic or apoptotic cells.

Acute resveratrol administration's dose-time de-
pendence on lipoperoxidation levels (in the liver, kidney,
and heart of male rats synchronized with a 12-hour light--
dark cycle) was examined [66]. Resveratrol was discovered
to exhibit pro- and pro-oxidant behavior during the light
and dark periods, which may be a reflection of the postpran-
dial oxidative bursts that follow meals or the putative shift-
ing ratio between pro- and antioxidant activities in different

organs during 24-hour cycles.

According to research, resveratrol's pro-oxidant
impact can cause DNA damage as well as an interruption of
the cell cycle that can be either reversible or permanent. Ac-
cording to Plauth et al. [67], the physiological resistance
against oxidative stress is increased when cells respond to
resveratrol therapy through an oxidative triggering action
that leads to a more reductive state through hormetic induc-
tion of cell fitness. According to Ahmad et al. [68], resvera-
trol's pro-oxidant effect—which is demonstrated by a
marked increase in intracellular O2-production—rather
than its antioxidant activity is what causes its inhibitory ef-
fect on H202-induced apoptosis. This creates an intracellu-
lar environment that is not favorable for the execution of

apoptosis.

The structure-activity connection of resveratrol, a
molecule possessing both pro- and antioxidant qualities,
has been investigated in cell-free systems. It has not been
shown to have cytotoxic, cytostatic, cytoprotective, or an-
tioxidant properties in cultured cells, according to earlier re-

search.

However, the pro-oxidant action of resveratrol
was initially discovered in the presence of transition metal
ions, such as copper, using a plasmid-based DNA cleavage

assay [69]. Metal-chelating agents have the ability to mobil-
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ize copper ions from chromatin, which results in internucle-

osomal DNA breakage, a feature of dying cells.

Resveratrol has a strong relationship with bases of
DNA, specifically guanine, which can be mobilized by met-
al-chelating agents and cause fragmentation of inter-nucleo-
somal DNA [22]. This implies that the anticancer action of
resveratrol is a result of its anticancer action. Additionally,
it functions as a phytoestrogen, displaying varying degrees
of estrogen receptor agonist activity in various systems [70].
Resveratrol functions as a superagonist in some cell types
and provides an activation that is either equivalent to or less

than that of estradiol in others.

Mitochondrial complex I (CI) is the direct target
of resveratrol's regulation of mitochondrial respiratory
chain function [71]. According to in vivo research, resvera-
trol raises CI in the brain mitochondria of both young and
elderly mice, but it also causes oxidative stress in older ani-
mals with weakened antioxidant defenses [72]. Age and
dosage determine how important it is to maintain a balance

between the pro- and antioxidant effects of resveratrol.

In pancreatic cancer cells, resveratrol plays two dif-
ferent roles: first, through up-regulating Bax, it suppresses

tumor growth, and second, through up-regulating VEGF-B,
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it activates tumor growth. These studies demonstrate the
critical roles that aging and dose-dependency play in the re-
sponses to health benefits that resveratrol elicits [32]. In a
different study, resveratrol increased insulin sensitivity in
elderly mice given regular diets but did not change the in-

sulin resistance of these mice given high-protein diets.

On the other hand, resveratrol showed adverse ef-
fects through raising the level of inflammation, producing

superoxide, and lowering aortic distensibility.

Conclusion

Resveratrol is a substance that may be beneficial to
health, especially in terms of its cardioprotective and antioxi-
dant properties. Notwithstanding, obstacles pertaining to
bioavailability, ideal dosage, and coherent clinical evidence
underscore the necessity for additional investigation. As
with many other nutritional substances, resveratrol's full
health advantages can only be realized with a well-rounded,
multifaceted approach to lifestyle and nutrition. People
should speak with medical professionals to determine
whether resveratrol supplementation is appropriate for
their unique health circumstances and goals before consider-

ing it.
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