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ABSTRACT

Background: Resveratrol is a non-flavonoid polyphenol possesses many biological properties
with great potential to develop into various products. In order to cure a wide variety of
diseases, resveratrol has attracted a great deal of attention for medicinal purposes. Objective:
The present review aimed to provide a comprehensive literature summary of latest scientific
evidences on the chemistry, biological properties and therapeutic potentials of resveratrol.
Methods: To complete this review, relevant literatures were collected from several scientific

”

databases, including Google Scholar, Pubmed and ScienceDirect, using keywords “source’,

“chemistry’, “bioavailability’, “pharmacokinetics’ “isolation’ “anticancer’, “analgesic’ “anti-
inflammatory’ “antidiabetic’ “nephroprotective activity, “neuroprotective activity’, “anti-
obesity’ “cardioprotective effects’ “antioxidant’ “anti-aging” with resveratrol. After a detailed

screening process for inclusion and exclusion, the information obtained was summarised.
Results: The information on the source, chemistry, bioavailability, biological and therapeutic
potentials of resveratrol were tabled. In various pathological conditions, resveratrol can be
considered as powerful antioxidants along with multidimensional molecular targets such
as NFxB, MAPK, AMPK, SIRT-1, Nrf-2, m-TOR, PI3K/Akt and PPAR-vy signaling pathways.
Conclusion: Based on the existing knowledge, we may believe that resveratrol has a significant
therapeutic potential for the treatment of various diseases. To accelerate the development
and utilization of resveratrol as promising products, in-depth studies should be focused on

exploiting its properties and developing phytopharmaceuticals.
Key words: Resveratrol, Bioavailability, Pharmacology, Toxicity, Molecular targets, Inflammatory

cytokines.

INTRODUCTION

Resveratrol is a naturally occurring non-flavonoid
phytoalexin that belong to the class of polyphenolic
compounds called stilbenes. This secondary
metabolite is produced by plants in response to
stressful conditions."” Resveratrol was first isolated
by a Japanese scientist, Michio Takaoka from the
Veratrum grandiflorum or white hellebore plant
in 1940.3* Later, in 1963, Nomomura isolated
resveratrol from the Japanese knotweed or
Polygonum cuspidatum.®

In fact, resveratrol is widely used in many renowned
traditional Chinese medicine (TCM) formulations
and registered in the Chinese Pharmacopoeia.®
In 1992, resveratrol was also found in wine by
Siemann and Creasy.* Resveratrol is likewise, one
of the most essential bioactive elements present in
grapes (Vitis vinifera) and is a natural phytoalexin
that accumulates in the skins of fruits or stems
and roots of the plant due to environmental
stimulation.” It is also found in glycosylated
forms in fruits such as berries, raw peanuts and
red currant.>® Resveratrol is also known as the
“French Paradox™; a phenomenon that occurred in
France based on an epidemiological data, in which
the French were seen to have a low incidence of
coronary heart diseases despite having a diet that is

high in saturated fat. This phenomenon created great
interest among researchers to understand the reason
behind the relationship. One of the researchers’
team was Renaud and de Lorgeril who found that
more than 50% of the total alcohol consumption
in France consists of moderate intake of wine, thus
suggesting that the protective effect on coronary
heart diseases may be contributed by a decreased
platelet aggregation.>*

Many review of resveratrol have so far concentrated
on the individual biological properties of resveratrol
including anticancer, antidiabetic and anti-
inflammatory activities of resveratrol.>* However,
there is no latest and updated comprehensive review
of scientific evidences available especially on the
chemical, biological and therapeutic potential of
resveratrol. Hence, in the present study, we aimed to
conduct a narrative literature review and provide its
comprehensive summary focusing on the sources,
distribution, chemistry, bioavailability, biological
properties, toxicity profile, tolerability as well as
applications in food products.

METHODS

To complete this review, relevant literatures were
collected from several scientific databases, including
Google Scholar, Pubmed and ScienceDirect.
The categories of keywords used for the search
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were “Resveratrol” and “Pharmacological Studies” or “Biological
Studies” or “Source” or “Chemistry” or “Isolation” or “Anticancer”
or “Analgesic” or “Anti-inflammatory” or “Antidiabetic” or
Nephroprotective Activity” or “Neuroprotective activity” or
“Antiviral” or “Anti-obesity” or “Cardioprotective Effects” or
“Antioxidant” or “Anti-aging” or “Toxicity” or “Bioavailability” or
“Pharmacokinetics” etc. Studies not written in English and which
have no abstracts were excluded from initial screening. There was
no restriction to be followed for collecting the resveratrol-related
studies, especially in the aspects of dose, route of administration,
duration of treatment, animal and human study. The articles
were chosen for final analysis after applying the inclusion and
exclusion criteria and removing duplicates from the databases.
The information included in the review was separated into two
main categories: phytochemical and pharmacological properties
of resveratrol. Additionally, they were categorised according to the
main findings of the study. Following a complete screening, the
information obtained were summarized and were included in the
present review.

PLANT SOURCES AND DISTRIBUTION OF
RESVERATROL

Resveratrol is reported to be present in almost 72 plant species,
scattered around 31 genera and 12 families. The families are Myrtaceae,
Vitaceae, Cyperaceae, Dipterocarpaceae, Pinaceae, Gnetaceae, Fabaceae,
Moraceae, Liliaceae and Fagaceae; from the spermatophytes division."
Historically, a Japanese scientist was the first to detect resveratrol in
the roots of Veratrum grandiflorum and later resveratrol was isolated
from the roots of Polygonum cupsidatum.? Polygonum cuspidatum (P,
cupsidatum) is an herbaceous perennial and is a member of the genus
Polygonum in the Polygonaceae family. The herb grows in Asia as well
as in North America. There are approximately 80 species of Polygonum
utilised in Traditional Chinese Medicine. Its dried root is officially listed
in the Pharmacopoeia of the People’s Republic of China under the name
“Hu Zhang”, while in Japan and Korea, it is used as folk medicine.”” The
roots, stems, leaves, flowers, fruits and seeds are commonly used for
extraction."

In recent years, resveratrol mainly is found in grapes and grape
products', but only in the trans-isomer resveratrol.” Both isomers
have been detected in red wine, while peanut and peanut butter'®
contained only a minimal amount of trans-resveratrol, i.e. below the
limit of quantification." Trans-resveratrol can also be detected in stems,
leaves and root of Itadori plants as well in its tea.”® Resveratrol is also
discovered in cacao (Theobroma cacao)"” and various types of berries
including blueberries, bilberries and cranberries, which belongs to
the Vaccinium species.'® Additionally, red wine, initially produced by
fermentation of grapes and different type of wines contained different
amounts of resveratrol.”? Trans-resveratrol is mainly found in red
wine as opposed to white wine since grape’s skin has to be removed in
the process of making white wine?! and most resveratrol is in the skin
itself.

cis-Resveratrol

trans-Resveratrol

Figure 1: Chemical structures of trans- and cis-resveratrol’s.
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CHEMISTRY

Generally, resveratrol is composed of two aromatic rings which are
connected by a methylene bridge. It naturally exists in isomeric forms,
i.e. trans and cis-resveratrol’s (Figure 1) with the former showing most
of the reported biological activities.” Structurally, the two phenolic
rings of resveratrol are linked by a double bond.>* Cis-resveratrol is
isomerized from trans-resveratrol when exposed to sunlight, UV
radiation or when being heated.?*?S The trans-isomer is the most stable
resveratrol and is more commonly detected” besides being biologically
active.”!

Isolation of Resveratrol

Isolation from Grapes and Peanut Products

Different isolation methods are used for different sources of resveratrol.
For isolation from grapes, frozen grapes (10 g) were defrosted at room
temperature and were homogenized with methanol (30 ml) containing
formic acid (2%).%® Subsequently, the mixture was centrifuged at 10,000
g for approximately 10 min and the supernatant was stored at -80 °C.
On the other hand, for isolation from peanuts, approximately 33 mg of
peanuts (or 75 mg for smooth peanut butter) was extracted overnight
with 50% methanol (1 ml). The aqueous supernatant was then stored at
-80 °C following centrifugation, before pure resveratrol was yielded.?

Isolation from P. cuspidatum

Stems and leaves: The tissues were lyophilized before an overnight
extraction with 50% methanol (1 ml)."* Approximately 10 mg aliquots
were used to obtain pure resveratrol.

Dried root: In a distillation flask, powdered roots (100 g) were added to
95% ethanol (1:6) (powder: 95% ethanol, g/ml). Then, the mixture was
left to rest (12 h at room temperature). Next, a refluxing extraction (80
°C) was used to extract the soaked powder. The extraction procedures
were repeated thrice for 1 h each time. The extract solutions were mixed
and evaporated to dryness by using a rotary evaporator under vacuum
at 65 °C. Subsequently, resveratrol was detected by high performance
liquid chromatography (HPLC).®

Isolation from Itadori root

Itadori tea was prepared by infusing a sample (1 g) of dried commercial
Itadori root (Kojoukon) with boiling water (100 ml) for 5 min. Then,
the mixture was filtered. Finally, 1 ml aliquots of the tea was stored at
-80 °C, yielded resveratrol.””

Spectral Data of Resveratrol

!HNMR (DMSO, 400 MHz): '"H NMR data indicated that alkene
hydrogens at the C7 and C8 positions were observed as two doublets
at § 6.79 and 6.90 with a coupling constant ] =15.28 Hz which confirms
the trans orientation of the two alkene hydrogens. The three phenolic
hydrogens were observed as a broad signal § 9.30 (s, 3H, H-15, H-16 and
H-17) integrated for three protons which disappeared on D,O exchange
studies. The aromatic hydrogen between the two hydroxyl substituents
at the C4 position was found to be shielded to § 6.10 as a triplet with
a meta coupling constant of ] = 2.1 Hz. The hydrogens at the 2 and 6
positions were shielded to § 6.37 and appear as doublets with a coupling
constant J = 2.2 Hz, which is a characteristic coupling constant for the
aromatic hydrogens in the meta position. The remaining aromatic
hydrogens at positions 10,11,13, and 14 appear as two doublets at §
7.38 (d, 2H, H-10, H-14), 6.74 (d, 2H, H-11, H-13) each integrated for
two protons with a coupling constant of ] = 6.9 Hz, which matches the
coupling constant for the ortho coupling in aromatic systems, and also
the splitting pattern matches the p-substituted aromatic compounds.

BCNMR (DMSO, 100 MHz): In the *C NMR spectrum, three carbons
deshielded more than the others and were observed as two signals at

1780



Saad, et al.: Resveratrol: Latest Scientific Evidences of its Chemical, Biological Activities and Therapeutic Potentials

6 157.3 and 158.6 which indicate that these carbons are attached to
hydroxyl groups and assigned for the C3, C5, and C12 carbons. The
presence of two low intensity signals at § 128.1 and 139.4 suggested the
presence of two more quaternary carbon atoms C-1 and C-9 respectively.
Due to the hydroxyl substituent effect at the ortho position, the carbons
at C4, C6, C2, Cl11, and C13 appear more shielded at § 104.4 (C-2, C-6),
101.9 (C-4), 115.6 (C-11) and 115.6 (C-13). The C-7 and C-8 carbons
resonated at § 125.7 (C-7) and 127.9 (C-8). The C-10, C-14 carbons also
resonated at § 127.9.

Mass Spectrum

Wang et al.¢ reported the HPLC electrospray ionisation tandem mass
spectroscopy (HPLC-ESI-MS/MS) of resveratrol. The molecular ion
peak was at m/z 227. The fragmentation peaks were 185, 143, 117 and
119.

PHARMACOKINETICS AND BIOAVAILABILITY
OF RESVERATROL

Following a 4 h of low dose (single dose of 0.5 g) administration, urinary
excretion of resveratrol was rapid at 77%.” The pharmacokinetic analysis
of resveratrol indicated that it has an unusually high (at least 70%)
bioavailability.***' In a study by Vitrac et al.*?, the concentration of a
radioactive, 14-trans-resveratrol was highest after 1.5h ofadministration
in organs including the stomach, intestine, liver and kidney of rats.
Fast absorption is affected by food with high fat content which may
reduce and delay resveratrol’s absorption.*® The oral bioavailability of
unchanged resveratrol is relatively low (almost zero)*** which may
be contributed by the extensive metabolism of resveratrol ***', thus
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indicating that the low oral bioavailability is contributed mainly by
sulfate conjugation and glucuronidation processes by enterocytes.*
Eight resveratrol metabolites (Figure 2) were documented by Springer
and Moco™. Within the background of metabolic health and obesity,
they explored human metabolism and biotransformation of resveratrol,
and identified molecular mechanisms of action.*

Although resveratrol was absorbed after oral administration, due to its
rapid and extensive phase II metabolism, its plasma concentration and
tissue distribution were low.! According to Walle et al.*!, a metabolite
which is the sulfate conjugate was measurable in plasma samples within
2 h following either intravenous or oral administration of resveratrol.
The rapid production of metabolite indicates that the rate limiting
factor to its bioavailability is sulfation. Resveratrol metabolites are
largely characterized into two mono-sulfates, one di-sulfate, two mono-
glucuronides and one glucuronide-sulfate.”” Trans-resveratrol-3-O-
glucuronide and trans-resveratrol-3-sulfate are the utmost metabolites
since both are significantly found in rat urine and mouse serum; formed
by rat hepatocytes although trans-resveratrol-3-O-glucuronide is
detected in the human liver as the primary metabolite.® The main route
of elimination of resveratrol is via urine in which a high concentration
of radioactive, 14-trans-resveratrol was found compared to via the fecal
route.”"*

Recent studies tend to focus on enhancing resveratrol’s bioavailability.
Amiot et al’*¢ formulated a soluble trans-resveratrol by solubilizing
natural trans-resveratrol from P, cuspidatum in a complex lipid solution
without any molecular modification. They found that a single dose of
the new formulation (40 mg) was well absorbed since it yielded an 8.8-
fold higher plasma trans-resveratrol levels as compared to the original
powder. On the other hand, the oral bioavailability of resveratrol is
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Figure 2: Metabolic pathways of resveratrol.
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enhanced (close to 26.5%), by encapsulating it into casein nanoparticles
by 10 times as compared to when administered in the oral solution.
Casein nanoparticles reach the surface of the gut epithelium as well as
control the release of resveratrol, thus help in enhancing its absorption
as well as bioavailability.” Next, by using a liquid micellar water
formulation on grapevine extract, the amount of trans-resveratrol was
five-fold higher following its since micellar solubilization increased its

BIOLOGICAL ACTIVITIES AND THERAPEUTIC
POTENTIALS OF RESVERATROL

Resveratrol has many useful biological activities and therapeutic
potential, and some important underlying molecular action mechanism
for the related activities has been described (Figures 3 and 4) and
summarised in Table 1.

hydrophilicity.*
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”
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Figure 3: Biological activities and therapeutic potentials of resveratrol.

Kinases
« MAPK « m-TOR
.Pro— and fmti- . AMPK * GSK-3p
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« TNF-a
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OH
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Receptors Enzymes
+ PPAR-y « COX-2
« Tau + SIRT-1
* TLR-3 Apoptotic proteins

¢ Caspase-3 < Bax

« Bcl-2 = p65

- P38

Figure 4: Multiple molecular targets of resveratrol. It could modulates multiple
molecular targets by modifying their gene expression, signaling pathways, or via
direct interaction. The detailed information has been summarized in Table 1. All the
abbreviations are available in the main text.
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Table 1: An overview of some important underlying molecular mechanisms for different biological properties of resveratrol.

Biological Property

Mechanism Reference

Anticancer ® Release of cytochrome-c and p53 induction

Convert procaspase-3 into active caspase-3

Rajasekaran et al.*’; Shankar et
al.¥’; Zhou et al.>

® 1 capase-3/7 caused apoptosis

® | Bd-2
* | XIAP
® 1 Bax

Analgesic and Anti-inflammatory

* | ROS

Down-regulates p53 and p53-phospho-Ser15
® | COX-1 and COX-2 activation

Jang et al.**; Cui et al.*; Ko et
al.*%; Wang et al.?

Antidiabetic ® Up-regulation of GLUT-4

® | Insulin resistance

® 1 B-cell/islet area ratio
® | Oxidative stress (OS)

® 1 Glucose utilization

Neuroprotection ® | TNF-a

® Activate GSK-3p Upregulation of SOD-3 and GST-4

® Inactivate AMPK
® 1 BNDF mRNA

® | A40 and CSF A40
Antiviral O

protein-1
¢ |IFN-y

® Up-regulation of TLR3

Anti-obesity ® | PPARy

® | SIRT-1 and PGCla

Cardioprotection ® Regulates eNOS
* 1 AMPK

| mRNA expression of IL-2, IL-10, TNF-a, IF-a

¢ | Macrophage inflammatory protein-1 and monocyte chemotactic

Movahed et al.®; Dash et al.®;
Knop et al.*; Gonzalez-Rodri-
guez et al.'®

Jeon et al.”'; Liang et al.”%
Wicinski et al.”*; Sawda et al.”

Huang et al.’”%; Abba et al.”’; Zang
etal”

Zhao et al.®’; Floyd et al.®!

Bonnefont-Rousselot®; Leikert
et al.*; Dolinsky et al.%*; Gogmen
et al.®®

® | p70 S6 kinase pro-hypertrophic signaling cascade
® Regulates PI3-kinase-Akt-Bcl-2

Antioxidant ® 1SOD3and NQO1

® 1 Up-regulation of Nrf-2

* |OS
* | ROS

Anti-aging ® Up-regulation of AMPK/SIRT-1/PGC-1-a

Chatterjee et al.*’; Gerszon et
al®; Iuga et al.”!

Wang et al.*% Li et al.*; Baxter*

® Down-regulation of Akt/mTOR

® Regulation of SIRT-1

* |0OS
Nephroprotection ©

* p6s

1 HSP70 and p-IxBa expression

Feng et al.”; Bilgic et al.®®

® 1 Endogenous antioxidant system

Note: *upward arrow indicates increased response and downward arrow indicates decreased response. All the abbreviations are available in the main text.

Anticancer activity

Extensive studies on resveratrol’s therapeutic effects have been
performed in the search for the treatment and prevention of various
diseases including cancers. Resveratrol is purported to have the
ability to interact with different molecular and cellular targets for
cancer in both in vitro and in vivo findings. Low or moderate doses
of resveratrol do not pose any side effects.® In fact, rapid metabolism
to safe glucuronate and other analogues for administration in high
doses have also been confirmed.” To date, the efficacy of resveratrol
against certain types of cancer have only been investigated in a few
studies. To date, studies on resveratrol only focus on in vitro and in
vivo animal experiments. Therefore, there were no completed ongoing
clinical or trials conducted to evaluate the associated side effects or
even established confirmed therapeutics outcomes of resveratrol alone

1783

or with in combination with other anticancer drugs.* The anti-tumor
effect of resveratrol on skin cancer was investigated at 100 times molar
ratio to 12-O-tetradecanoylphorbol 13-acetate (TPA), a tumor inducer
used to promote and induce the in vitro Epstein-Barr early antigen
activation assay in which a 57.2% inhibition against Epstein-Barr early
antigen activation was seen. An in vivo study on 7,12 dimethylbenz(a)
anthracene (DMBA)-induced TPA-promoted in mouse skin papilloma
also showed a significant reduction in both tumor incidence and
tumor multiplicity. Moreover, resveratrol at a 50-fold molar ratio to
TPA demonstrated a 60% decrease in papilloma’s and 30% inhibition
in the tumor incidence at 20 weeks of treatments.”” The development
of DMBA-induced pre-neoplastic lesions in carcinogen-treated mouse
mammary glands in culture was also repressed by resveratrol in a dose-
dependent manner indicating inhibition of tumor initiation, promotion
and progression.*?

Pharmacognosy Journal, Vol 12, Issue 6(Suppl), Nov-Dec, 2020
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A study by Harper et al.** showed that resveratrol from the diet
prevented the development of prostate cancer by decreasing cell
proliferation in transgenic adenocarcinoma of the mouse prostate
(TRAMP) mice. There was a 87% reduction in poorly differentiated
prostate tumor in mice treated with resveratrol as compared to controls
indicating that resveratrol 1) regulates the proliferation of cell and
2) the expression of sex steroid receptor protein as well as specific
growth factor signaling proteins in the prostate. Reduction in cell
proliferation indicates a delay in cancer progression which may be
the most significant chemopreventive effects of resveratrol. Another
study indicated that resveratrol reduced tumorigenesis associated
with colitis. Tumor incidence was decreased to 20% (from 80%) in
mice which had colon cancer induced by azoxymethane and dextran
sodium sulphate (DSS) following treatment with resveratrol (300
ppm) which also decreased tumor multiplicity.*® Rajasekaran et al.*
investigated the effect of resveratrol in early and advanced stages of
hepatocarcinogenesis in hepatocellular carcinoma (HCC). Male Wistar
rats were induced by N-nitrosodiethylamine (DEN) and were used as
HCC-animal models. There was decreased in HCC, a-fetoprotein and
other liver marker serum and enzyme levels following treatment with
resveratrol as compared to untreated group. At 15 to 16 weeks of the
experiment, the parenchymatous tissue of the liver in DEN-induced
HCC indicated some alteration and transformation, as confirmed by
Hematoxylin and Eosin stain (H&E) of the tissue sections. Additionally,
there was a noticeable recovery in resveratrol-treated HCC-bearing
models in both early and advanced stages as well as in the architecture
of liver tissues with diminution of radiating hepatocytes and sinusoidal
infiltration seen. Additionally, the activities of several serum markers
enzymes including alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), acid phosphatase
(ACP), 5'-nucleotidase (5'-Nuc), y-glutamyl transpeptidase (y-GT) and
lactate dehydrogenase (LDH) in the HCC models were momentously
reduced following resveratrol treatment. Resveratrol treatment
promotes poly (ADP-ribose) polymerase (PARP) cleavage, the release
of cytochrome-c, p53 induction and conversion of procaspase-3 into
active caspase-3 in DEN-induced HCC.*

A study by Shankar et al.”” indicated that a reduction in size and weight,
as well as inhibition of pancreatic intraepithelial neoplasia (PanIN)
lesions shows that resveratrol can help prevent pancreatic cancer.
Resveratrol inhibit the self-renewal capacity of pancreatic cancer stem
cells (PCSCs) obtained from primary tumors of human and KrasG12D
mice in vitro. Additionally, the formation of primary and secondary
spheroids were inhibited in pancreatic cancer stem cells (CSC) derived
from KrasG12D mice in vitro, while induced activation of capase-3/7
caused apoptosis and inhibited the Bcl-2 and XIAP expressions in CSCs.
Additionally, a multidrug resistance gene, ABCG2, is overexpressed
and inhibited in CSCs. At the same time, resveratrol repressed the
expression of vimentin, slug and snail that lead to inhibition of
epithelial-mesenchymal transition and suppression of migration and
invasion of CSCs. Another study indicated that resveratrol (2.5 and 10
mg/kg) reduced the tumor volume, tumor weight and metastasis to the
lung in mice bearing highly metastatic Lewis lung carcinoma (LLC)
tumor. Moreover, increase in spleen weight and reduction in thymus
weight was prevented by resveratrol in LLC-bearing mice suggesting
that inhibition of DNA synthesis in LLC cells and LLC-induced
neovascularization as well as tube formation (angiogenesis) from
human umbilical vein endothelial cells (HUVEC) were contributed by
the anti-tumor and antimetastatic effects of resveratrol.*® A study on oral
squamous cell carcinoma, HCPC I cell line was conducted in hamsters
that have been induced by DMBA, by comparing the formulations
of cream and mouthwash resveratrol-HPbCD with resveratrol alone.
Resveratrol’s efficacy was significantly improved by complexing with
a defensive and solubilizing vehicle (2-hydroxypropyl-b-cyclodextrin,

Pharmacognosy Journal, Vol 12, Issue 6(Suppl), Nov-Dec, 2020

HPbCD) and when formulated as a topical agent. Resveratrol can
prevent the appearance and growth of oral pre-neoplastic lesion (OPL)
and OSCC in vivo. The anticancer effects on the lesions’ prevalence,
multiplicity, dimension and histological signs of malignancy have been
demonstrated by resveratrol-HPbCD formulation especially when used
as mouthwash. It was plausible that resveratrol-HPbCD formulations
may prevent the progression of OPLS, or even in patients who have
been operated for OSCC that have a risk for recurrence or relapse.*’

Woodall et al.* investigated resveratrol’s effects on the transition from
reflux esophagitis to Barretts metaplasia to dysplasia to esophagal
adenocarcinoma in an esophagoduodenal anastomosis-treated
experimental rats. The rats were treated with an intraperitoneal injection
of resveratrol (7 mg/kg) of or saline twice weekly. There was decreased
in the 1) severity of esophagitis, 2) incidence of intestinal metaplasia
and 3) incidence of esophagal adenocarcinoma shown in animals
treated with resveratrol for five months as compared to saline or non-
operated control groups.” In another study, the ability of resveratrol in
inhibiting the growth of human ovarian cancer PA-1 cells, considering
eEF1A2 as a potential molecular target has been performed. Since
the mean volume and mass of tumors were significantly dwindled,
resveratrol is believed to 1) repressed PA-1 cells proliferation and
diminished eEF1A2 expression and 2) inhibited the development
of PA-1 cells transplanted to athymic mice as well as the expression
of eEF1A2 in vivo.”' The chemopreventive effect of resveratrol in
inhibiting urinary bladder tumor in a nude mice xenograft model has
been investigated. Resveratrol caused cytotoxic effect and induction
of apoptosis in bladder cancer T24 cells in time- and dose-dependent
manners. The chemopreventive effects is purported to be contributed
by 1) accumulation of T24 cells at the G1 phase of the cell cycle and 2)
Akt as well as p38 MAPK.*> When injected near the lesion, resveratrol
significantly suppresses the growth of gastric carcinoma as it induces
apoptosis of transplanted tumor cells. Apoptosis is facilitated by the
down-regulation of apoptosis-regulated gene bcl-2 and upregulation
of the expression of apoptosis-regulated gene Bax. Resveratrol allows
apoptosis of implanted tumor cells to incur some morphological
changes of chromatin condensation, chromatin crescent formation and
nucleus fragmentation.”

Instability of genomic and head and neck squamous cell carcinoma
(HNSCC) happened due to modifications in SMAD4 signalling
and its loss. Resveratrol was investigated in nude mice for FaDu, a
type of HNSCC, xenograft growth. It showed antiproliferative, DNA
damage and apoptotic effects both in vitro and in vivo in HNSCC cells,
independent of SMAD4 status.” A study on RT-2 glioma cells-treated
with resveratrol indicated that resveratrol exerted cytotoxic effects and
induced glioma cell apoptosis in concentration- and time-dependent
manners. Resveratrol (40 mg/kg/day) also exhibited remarkable
antitumor effects on S.C. tumors, including induction of a slower tumor
growth rate, alonger survival time in animals as well as a higher survival
rate. At a higher dose (100 mg/kg/day), resveratrol affects intracerebral
tumor and prolong animal survival without affecting the survival
rate.”® Resveratrol's effect on the mouse xenograft models of human
neuroblastoma and human cell lines in vitro was explored in another
study. Outgrowth of the tumour was decreased by 80%. With higher
resveratrol dose, tumour regression associated with widespread tumour
cell death occurred, the underlying mechanism of which includes
direct activation of the mitochondrial intrinsic apoptotic pathway.*
The development of adjuvant chemotherapies to expand currently
available treatment protocols, may confer a decreased side effects and
toxicity without affecting the therapeutic efficacy. Resveratrol exerted
in vitro cytotoxic effects and in-vivo anticancer effects against various
type of cancer, including breast, prostate, colorectal, liver, pancreatic,
lung, cavity, esophagal, ovaries, urinary bladder, stomach, head and
neck, cerebral cancers as well as neuroblastoma.>*"** Based on these
findings, resveratrol can be concluded to have marked anticancer
activity via multifaceted molecular mechanisms.
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Analgesic and anti-inflammatory activities

Many studies have indicated that the development of diseases such
as cancers, neurodegenerative, respiratory and heart diseases are
caused by the chronic yet low-grade inflammation of cells. These
studies have unveiled the cellular and molecular level mechanisms
of underlying inflammation, but to date, no therapeutic therapies
have been discussed. Interaction with multiple targets and alteration
of the dysregulation inflammatory pathways as well as mediators
of phytochemicals suggested a potential for the development of an
affordable, novel and safe drugs to treat inflammation underlying
chronic disease. Resveratrol, is a polyphenol that has gained interest
purported to protect inflamed cells by directly and indirectly modulate
major signaling pathways. Preclinical studies have shown some positive
results, although there is little clinical evidence that demonstrates its
effective therapeutic effect in humans considering resveratrol has
poor water solubility and bioavailability. Nevertheless, resveratrol’s
potential in ameliorating inflammation in patients with chronic disease
should not be denied and should be confirmed in in-depth scientific
investigations and large-scale clinical trials.®!

Resveratrol possessed a potent anti-inflammatory effect as shown on
dextran sulfate sodium (DSS) mouse model of colitis. Resveratrol
significantly increases inflammatory score, decreases the percentage
of neutrophils in the mesenteric lymph nodes and lamina propria,
and modulates CD3+ T cells that show tumour necrosis factor-a and
interferon gamma (IFN-y). In addition, resveratrol also downregulates
the p53 and p53-phospho-Serl5, markers of inflammation and
inflammatory stress.**® Unlike indomethacin and most other non-
steroidal anti-inflammatory drugs, the anti-inflammatory effects
of resveratrol occur via inhibition of the hydroperoxidase activity of
cyclo-oxgenase (COX)-1, although the effect is less prominent when
compared to those established anti-inflammatory medications. Oxygen
uptake activity was also not detected as assessed with COX-2. The anti-
inflammatory effects of resveratrol were performed in the inflamed rat
model induced by carrageenan, where pedal edema, both in acute and
chronic phases was significantly reduced.***® In another study, Wang et
al.?* evaluated the in vivo analgesic and anti-inflammatory properties
of resveratrol. Writhing effect as induced by acetic acid and confirmed
by hot plate tests were performed to evaluate the analgesic effects of
resveratrol. On the other hand, 1) ear edema of mouse caused by xylene,
2) pleurisy in rat induced by acetic acid and 3) carrageenan-induced rat
synovitis tests was used to test its anti-inflammatory effects. Resveratrol
inhibit the writhes and improved the duration and pain threshold of
mice standing on hot plate indicating its analgesic effect. Resveratrol 1)
inhibited mice’s ear edema 2) significantly inhibit the white blood cell
in rat with pleurisy 3) decreased nitric oxide (NO) production and 4)
promote the SOD activity in serum pleurisy exudates thus confirming
its anti-inflammatory effect. As in carrageenan-induced synovitis test,
resveratrol decreased serum malondialdehyde (MDA) concentration
and elevated total serum superoxide dismutase (T-SOD). Thus,
resveratrol could inhibit the total protein (TP), prostaglandin E2, NO
and MDA expressions, making it a good polyphenol candidate for the
treatment of pain and inflammation.®

Antidiabetic activity

Resveratrol have beneficial effects in experimental insulin-deficient
diabetic animals, by showing antihyperglycemic effects and pancreatic
B-cells protection and may therefore be used as an adjunct to available
conventional treatment for type 1 diabetes. Although preliminary
studies ©, confirmed resevratrol’s effects in type 1 diabetes, its effects
on type 2 diabetes have to be further investigated. Resveratrol can
improve glycemic control and decrease insulin resistance in type 2
diabetes.** Additionally, resveratrol confer other health benefits in type
2 diabetics®** including reduction in diabetic complications.*”
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Deletion of insulin receptor substrate-2 (IRS-2), impaired hepatic
insulin signaling and elevated gluconeogenesis in mice may contribute
to hyperglycemia.®® Inhibition of protein tyrosine phosphatase 1B
(PTP1B) improves the sensitivity of peripheral insulin following
resveratrol administration. The compound also increases glucose
uptake via translocation of GLUT-4 into the membrane. Gonzalez-
Rodriguez et al.*® attempted to ameliorate peripheral insulin resistance
in two diabetic models, IRS-2-deficient (IRS-2—/—) mice and mice
injected with streptozotocin (STZ) by resveratrol treatment or sirtuinl
(SIRT-1) overexpression. The results indicated that there was improved
insulin sensitivity in IRS-2-deficient mice. Mice with IRS-2-deficient
typically have high PTP1B expression levels in the liver and the muscle.
Nevertheless, the PTP1B in both tissues were decreased by resveratrol
administration, indicating restoration of IRS-1-mediated insulin
signaling. As for STZ-diabetic mice, resveratrol restored its insulin
sensitivity and hepatic insulin signaling. On the contrary, moderate
over-expression of SIRT-1 did not normalize PTP1B levels or restor
insulin signaling in both groups. Thus, SIRT-1 does not affect the
improvement of peripheral insulin signaling in association with PTP1B
inhibition when treated with resveratrol indicating that resveratrol
could be an effective adjuvant for the treatment of diabetes.®® Chronic
treatment of resveratrol in type 2 diabetes animal model caused
significant improvement in glucose tolerance, reduced oxidative stress
(OS), attenuated pancreatic islet fibrosis and preserved islet mass. The
pancreatic islets are protected by reduction in OS at systemic levels
and also within the islets in type 2 diabetes. Increased in p-cell mass,
preservation of islet architecture and decreased fibrosis in the islet
significantly ameliorated of the blood glucose as well as area under
the curve during glucose tolerance test (GTT) in resveratrol-treated
diabetic mice after 2 h.**

Neuroprotective activity

Resveratrol may also confer some protection on damage and toxicity
against neurons due to oxidation and prevent apoptotic neuronal death
which may help ameliorate neurological diseases including Alzheimer’s
(AD) and Parkinson’s (PD) diseases. Resveratrol causes apoptosis,
inhibits angiogenesis and brain tumor invasion. However, due to its
limitation such as poor solubility and being chemically unstable, its
bioavailability is low, thus restricting its biological and pharmacological
benefits. To overcome this problem, resveratrol nanocarrier is a good
choice. In order to maximize its potential as a neuroprotective agent,
nanotechnology can help solve the challenge with physicochemical
properties of therapeutic drugs to extend the half-life of drugs and
facilitate crossing into the blood-brain barrier (BBB).”” In another
study, resveratrol enhanced cognitive functions in high fat diet (HFD)-
fed male C67BL/6] mice by reducing serum TNF-a and adipose tissue’s
macrophage infiltration, besides diminishing neuro-inflammation and
OS in the hippocampus.””* In the study, the experimental mice were fed
with HFD alone or HFD supplemented with resveratrol for 20 weeks.
Inactivation of adiponectin-mediated AMPK signaling in the HFD-fed
mice hippocampus may contribute to dysregulation of brain energy
and neurodegeneration, while inactivation may result in activation
of GSK-3p and increase in Tau phosphorylation. Administration of
resveratrol as well as improved diabetic control can reverse the hypo-
adiponectinemia and neuro-inflammation.”

A molecule that is one of the crucial elements in maintaining stable
cerebral blood flow or brain-derived neurotrophic factor (BNDF),
is known for its neuroprotective effects in many neurodegenerative
disorders. Oral resveratrol may exert similar expression as BNDF
mRNA in the hippocampus of male Sprague-Dawley rats” pre-treated
with either resveratrol (10 mg/kg administered orally for four weeks)
or a placebo. Resveratrol pre-treated group had a significant surge
in BDNF concentration after four weeks indicating that it has some
neuroprotective effects.”* In another study, an extended 52-weeks,
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randomized, double-blind, placebo-controlled trial in human on
resveratrol for the treatment of mild-to-moderate dementia due to
Alzheimer’s Disease (AD) was conducted.”” The safety, tolerability,
concentration of biomarkers as well as clinical outcomes were assessed.
Due to disease progression, cerebrospinal fluid (CSF) Abeta40 and
plasma A40 levels were significantly reduced as expected in the placebo
group. On the contrary, resveratrol-treated group had significantly
stabilized CSF A40 and plasma A40 levels. As dementia progresses,
brain pseudo-atrophy was more prominent. However, resveratrol
stabilized the progressive decline seen as well as in plasma A40 and
CSF A40 levels. It was concluded that resveratrol attenuates the decline
in the functional measure of Alzheimer’s Disease Cooperative Study-
Activities of Daily Living (ADCS-ADL).”

Antiviral activity

Huang et al.”® recently assessed resveratrol's against Rotavirus (RV)
using in vitro plaque reduction assays. Results of the study indicated
that resveratrol (20 uM) significantly inhibited RV replication in Caco-
2 cell lines. Using a model of RV-infected suckling mice, they found
that resveratrol administration (10 and 20 mg/kg, p.o., for five days)
significantly reduced the severity of diarrhoea, lowered viral titers and
relieved associated symptoms. In mice treated with resveratrol after RV
infection, mRNA expression of IL-2, IL-10, TNF-a, IF-a, macrophage
inflammatory protein 1 and monocyte chemotactic protein-1 was
significantly reduced in the intestinal tissue.” Resveratrol's antiviral
action mechanisms have been identified in multiple studies by
inhibiting viral protein synthesis, inhibiting various transcription and
signalling pathways, and inhibiting viral gene expression.”” Resveratrol
was found to be an effective suppressor of respiratory syncytial virus
(RSV) infections, inflammation and the airway hyper-responsiveness
response (AHR) associated with RSV infection in a study by Zang
et al”® Resveratrol decreased the RSV lung titers and the amount of
lymphocyte infiltration present in bronchoalveolar lavage fluid (BALF)
and reduced inflammation. Resveratrol significantly reduced IFN-y
levels of RSV-infected mice in BALF, and decreased methacholine
responses triggered by RSV infection. The resveratrol's antiviral activity
also regulated the expression of a “Toll-like receptor 3 (TLR3), inhibited
the TRIF signalling pathway and induced M2 receptor expression
following RSV infection””””®

In other study, derivatives of resveratrol have been used to be tested
for anti-HIV-1 activity and their capability to increase the activity of
antiviral of decitabine. The viral replication was decreased by increasing
the HIV-1 mutation rate. The data showed six derivatives of resveratrol
have anti-HIV-1 activity which is greater than resveratrol itself.
However, resveratrol was the only compound that could be combined
with decitabine to act synergistically in inhibiting HIV-1 infectivity due
to their ability to potentiate cellular toxicity. It has been revealed that
novel resveratrol derivatives with anti-HIV-1 activity could be used as
it believed to have a different mechanism of action from the current
HIV-1 drugs.””” In search of novel antiviral, resveratrol, a natural
polyphenol, has shown a high potential of antiviral activities and that
could be investigated more in both human and animal viral infections.

Anti-obesity

Some polyphenols, a class of natural bioactive, including resveratrol,
quercetin and curcumin, have a potential benefits function in treating
obesity. There is experimental yet limited clinical evidence that supports
their anti-obesity activity that was mainly affecting the adipose tissue.
Resveratrol reduce intracellular OS, inhibiting lipogenesis, adipogenesis
and chronic inflammation, and suppressing preadipocyte differentiation
to mature adipocytes. Currently, several ongoing clinical studies
investigate the effects of resveratrol, but none of them was designed to
test the weight change of obese subjects treated with resveratrol.*® A
analysis on the anti-obesity activity of resveratrol done by Zhao et al.®
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stated that adipogenesis could be inhibited by reducing the stability and
transcriptional activity of peroxisome proliferator-activated receptor
(PPAR)y. Floyd et al® suggested resveratrol could have a novel
mechanism of action as it modulates PPARYy protein levels in 3T3-L1
adipocytes by inhibition of PPARy gene expression associated with
repression of PPARY transcriptional activity, coupled with increased
ubiquitin-proteasome-dependent degradation of PPARy proteins.
PPARy was important for the formation and function of adipocytes
besides involve in regulating insulin sensitivity. Thus, it indicates
that changes of insulin-dependent in glucose uptake and glycogen
levels was inhibited by resveratrol. Additionally, it also decreased the
insulin receptor substrate 1 as well as the level of glucose transporter 4
protein.® In another study, resveratrol was believed to have prevented
the accumulation of triglyceride by amplifying the expression of SIRT-
1 which was a significant molecular target regulating cellular energy
metabolism and mitochondrial homeostasis.* The reduction of TG
accumulation was abolished by inhibition of SIRT-1 and PGCla. The
inhibition of SIRT-1 enhanced genes expressions that involved in FFA
uptake (PPARy and lipoprotein lipase]) and (-oxidation regulation
[PGC1-a and carnitine palmitoyl-transferase 1a (CPT1a)].*

Cardioprotection

Research for substances to improve cardiovascular problem has gained
into interest. Resveratrol is one of the polyphenolic compounds that
believed to exert beneficial effects on several cardiovascular-related
diseases including hypertension, obesity, inflammation, diabetes and
dyslipidaemia, as well as establish a pharmacological approach towards
metabolic syndrome treatment, which is associated with an increased
risk of cardiovascular disease development.®® There was a study on
influences of red wine polyphenols on the regulation of endothelial
nitric oxide synthase (eNOS) expression, following synthesis of
endothelial NO, a pivotal vasoprotective molecule. It revealed that
an alcohol-free red wine polyphenol extract increased the eNOS
expression and subsequent endothelial NO release. The high level of
active eNOS may interrupt the development of endothelial dysfunction
and atherosclerosis.**** The effects of resveratrol on high blood pressure
and prevention of adaptive cardiac hypertrophy was conducted by
Dolinsky et al.** and found that resveratrol prevented rises in systolic
blood pressure. It improved vascular function, decreased serum
and cardiac levels of the lipid peroxidation by-product, 4-hydroxy-
2-nonenal in the spontaneously hypertensive rat (SHRs) as well as
inhibiting the superoxide production in endothelial cells derived from
human. Resveratrol enhanced the LKB1/adenosine monophosphate
(AMP)-activated protein kinase (AMPK) signal transduction pathway,
thus increase the endothelial NO synthase (eNOS) phosphorylation. It
also reduced the hypertrophic myocardium by reducing haemodynamic
load and inhibition of the p70 S6 kinase pro-hypertrophic signaling
cascade.® Adverse cardiac remodelling and dysfunction could
happen due to pressure overload (PO) of the heart and this progresses
to heart failure. A study showed resveratrol has potent cardioprotective
activities against TAC-induced heart failure in the C57/BL6 mouse that
was mediated by the inhibition of OS and inflammation in preventing
the progression of heart failure.*>#¢

Resveratrol possessed cardioprotective effects on myocardial ischemic
rats by improving ventricular recovery and reduced infarct size as
well as cardiomyocyte apoptosis. “Resveratrol preconditions (PC) the
heart through activation of adenosine Al and A3 receptors, the former
transmitting a survival signal through PI3-kinase-Akt-Bcl-2 signaling
pathway and the later protecting the heart through a CREB-dependent
Bcl-2 pathway in addition to an Akt-Bcl-2 pathway”.***” Go¢men et al.®*
investigated the role of resveratrol in affecting CD40 ligand (CD40L)
and its receptor CD40 in platelets of hypercholesterolemia. The results
showed resveratrol reduced the increase of lipids, sCD40 and IL-6 in
hypercholesterolemia as well as downregulated the platelet P-selectin,
CD40 and CD40L expressions.®*%8

1786



Saad, et al.: Resveratrol: Latest Scientific Evidences of its Chemical, Biological Activities and Therapeutic Potentials

Antioxidant activity

Chatterjee et al.®* showed that resveratrol analogues exert antioxidant
activity on breast cancer. Resveratrol analogues increased level of
mRNA, attenuated oxidative DNA damage, scavenged cellular ROS
production, increased level of protein expression of superoxide
dismutase 3 (SOD3) and NQO1 and activated Nrf-2 signaling pathway,
thus prevents the development of breast cancer. Resveratrol possesses
an antioxidant activity due to the presence of three hydroxyl groups
in positions 3, 4" and 5 and presence of aromatic rings and a double
bond in the molecule.® A study investigated the activity towards
hydroxyl (¢OH) and hydroperoxyl («OOH) radicals indicated that
trans-resveratrol reacts with «OH radicals very efliciently, regardless of
the reaction pathway. It showed that trans-resveratrol is unselective yet
effective «OH radical scavenger that provides antioxidant protection to
the cell.”!

Anti-aging activity

In recent years, numerous studies have been done on resveratrol as it
is disclosed to be a strong antioxidant, a genetic expression modulator
via signal transduction, inhibitor of inflammatory mediators and
phyto-hormonal effects. The biological properties and impact on
cosmetic make resveratrol to be established as an anti-aging product.
Mitochondrial dysfunction is believed relatable to the aging process.
Maintaining the function of mitochondrial could prevent aging.
Resveratrol exhibits anti-aging properties, yet the mechanism of
action is still unclear. Wang et al.”> demonstrated the anti-aging
activity of resveratrol on zebrafish retina as a model for age-related
oculopathy. It showed that mitochondrial dysfunction and increased
Akt/mTOR activity were the cause of aging. Treatment of resveratrol
promoted mitochondrial function, upregulating AMPK/SIRT-1/PGC-
1-a and down-regulated Akt/mTOR pathway activity in zebrafish
retinas indicated that resveratrol could be used as novel anti-aging
supplements.”? Another research used D-galactose (D-gal) induced
rats as an aging animal model. Treatment of resveratrol against OS by
increasing the activity of the antioxidant enzymes, reducing the LPO
products levels and maintain the balance of oxidative and antioxidative
systems. Resveratrol inhibits AAPH-induced senescence and apoptosis
as well as reverse D-gal-induced cognitive impairment and telomerase
(TE) activity. It up-regulates TE activity, decreasing oxidative damage,
regulating SIRT-1 pathway. From the data, more robust anti-aging
properties is shown by resveratrol (10 pM) in vitro and high dose (100
mg/kg, p.o. for 6 weeks) in vivo.”* Another study reported that the
antioxidant activity of resveratrol is 17 times greater than idebenone
when used in skincare formulation. Thus, prevention of photo-aging by
resveratrol has been reviewed and compared with other antioxidants.”*

Nephroprotection

A study confirmed the protective effects of resveratrol in uremic
rat kidney by investigating the expression of heat shock protein 70
(HSP70).” Sprague Dawley rats were classified into five different
groups which were sham, uremic and resveratrol (5, 10 and 20 mg/
kg). Serum creatinine (Cr) and blood urea nitrogen (BUN) levels as
well as renal interstitial collagen deposition were significantly increased
in all groups. Resveratrol groups when administered in different
doses decreased the levels of Cr and BUN with amelioration of renal
interstitial collagen deposition. Additionally, there was improved
renal tissue lesions in resveratrol-treated group as compared to other
groups.” There was also an increase in HSP70 and p-IxBa expression
and decrease in p-65 protein level in renal tissues, for all administered
resveratrol doses. Following the addition of MKT-077 (a cationic
rhodacyanine dye analogue used for preclinical cancer trials due to its
selective toxic effects on cancer cells) there were remarkable reduction
in HSP70 and p-IxBa levels in renal tissues of resveratrol-treated group
with increased levels of p-P65 protein.”® Overall, the findings indicate
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that resveratrol play a positive role in the kidney of uremic rats by
activating HSP70 expression.” In a study conducted on female Sprague
Dawley rats®, there was increased total antioxidant status, decreased
Cr, BUN, OS-index and total oxidant status as well as reduced weight
gain following resveratrol treatment for 15 days. It was concluded that
the side effects of risperidone on kidney tissues can be prevented with
resveratrol which has a kidney protective effect.”®

SAFETY, TOLERABILITY AND TOXICITY OF
RESVERATROL

In all of the reviewed human studies, generally, resveratrol is well-
tolerated. A 29-day human study showed that high dose resveratrol (2.5
- 5.0 g) can cause gastrointestinal discomfort as well as spontaneously
resolving diarrhea.”® In a survey consisting of eight healthy subjects
administered with trans-resveratrol (2000 mg, two times in a day),
although generally it was well tolerated, diarrhea was the only side
effect observed.*® In another study, Almeida et al.”” indicated that nine
out of the 18 adverse events (AEs) were possibly related to resveratrol
treatment with four subjects from the 25 mg group, one each from the
50 mg and 100 mg trans-resveratrol groups and two from the 150 mg
group. The most frequent symptom was frontal headache with three
subjects were observed from each group. Besides that, headache, muscle
ache of lower extremities, lethargy, epididymitis, dizziness and occipital
headache were observed (once each). The AEs were deemed as mild in
severity and do not cause any deaths, serious AEs or discontinuations.”
A Phase I oral resveratrol analysis (single dose of 0.5, 1, 2.5, or 5 g)
was performed on 10 healthy volunteers per dose level. Results showed
that resveratrol consumption was not causing major AEs.” In animal
models, toxic doses produce physiopathological processes in the
kidney.*>* A three month study on rats showed resveratrol has a low
order of toxicity and there was no AEs on the mortality rate.”

APPLICATIONS OF RESVERATROL FOR FOOD
AND COSMETIC PURPOSES

Resveratrol's good therapeutic benefits, cost-effectiveness and the
prospect of conferring fewer adverse effects have posed interest from
the food community. The extracted and isolated resveratrol has a broad
range of biological activities including anticancer, cardioprotective
effects, neuroprotective activity, antioxidant and anti-inflammatory
effects make it a potential compound further research for drug
development.'® 1% Besides, different oligomers of resveratrol were
confirmed to possess a wide range of properties, including antibacterial,
antifungal and antiviral activities."! The anti-aging properties, as well
as other pharmacological activities of resveratrol, make it a promising
element that can be developed by the food and supplements industry as
well as to be established as cosmetics products. Moreover, for a wider
range of potentiality in the food industry, reaction with other chemicals
to form new derivatives can be done.'**

DISCUSSION

To date, many studies have confirmed that resveratrol is a natural
polyphenol found in various sources especially in dietary sources
including grapes, peanuts and berries.” The wide range of its biological
properties has expanded interests on in-depth investigations on its
medicinal benefits. Despite its wide range of bioactive uses, resveratrol
has low bioavailability and is extensively metabolised.” Following only
a few hours of administration, resveratrol concentration in the urine
is relatively high, reflecting its rapid absorption; in contrast to the
low concentration of the parent compound found in the plasma.’1%
Thus, this challenge has attracted several researchers to investigate on
enhancement of its bioavailability.*** On the other hand, clinical trials
need to base on in vitro studies to determine the right concentration.
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The investigated concentration may reflect the scenario for clinical
use and must be able to target the right pathway to exert the expected
outcome. Commonly used resveratrol concentrations are in the range
of millimole per litre (parent compound) or nmol/l concentrations
(metabolites). A higher dose is normally utilised to yield the expected
outcome although these results should be cautiously analyzed and
interpreted.” In this review, the chemistry, bioavailability and recently
reported biological properties of resveratrol were highlighted. Overall,
resveratrols wide therapeutic applicability as anticancer, analgesic,
anti-inflammatory, antidiabetic, nephroprotective, neuroprotective,
antiviral, anti-obesity, cardioprotective effects, antioxidant and anti-
aging effects make it a substance of interest for clinical research in
the future. Additionally, future research needs to focus more on
investigation of its physicochemical properties and formulation that
can enhance its bioavailability that can be confirmed in clinical studies.

CONCLUSION AND FUTURE PERSPECTIVES

Currently, the use of natural products and its derived compounds are
gaining universal impressive popularity as opposed to conventional/
modern medicines for the treatment of numerous disorders owing to
low cost and less toxic effects. Abundant experimental confirmations
indicate that these phytonutrients are proficient of treating numerous
diseases and pathological conditions including diabetes, cognitive
disabilities, depression, anxiety, inflammation, hypertension, hepatic
disorders, asthma, pain, cancer, and skin diseases. Resveratrol is
a polyphenol which is not flavonoid and belongs to stilbenes. The
efficacy of resveratrol in pathological conditions has been shown in a
great number of studies. In this review, we have highlighted chemistry,
pharmacological properties and therapeutic potential of resveratrol and
itis proved to possess remarkable health benefits. Resveratrol modulates
multiple molecular targets by modifying their signaling pathways,
gene expression, or via direct interactions. Resveratrol regulates the
expression of pro- and anti-inflammatory cytokines (IL-2, IL-6, IL-10,
and TNF-a), kinases (MAPK, AMPK, PI3K/Akt, m-TOR, and GSK-
3B), growth factor (BDNF), enzymes (COX-2 and SIRT-1), apoptotic
proteins (Caspase-3, Bcl-2, p38, Bax, and p65) and receptors (PPAR-y,
Tau, and TLR-3). In different pathological settings, resveratrol also
modulates the function of NF-kB, Nrf-2 and its signaling pathways.
The review found that resveratrol has capability to affect the numerous
targets, and due to that it has the potential for the prevention and
treatments for several diseases including cancer, diabetes, kidney
disorders, inflammation, neurodegenerative disorders, obesity, cardiac
related disorders, aging and also some of viral infections. However,
despite all the potential, resveratrol has a low bioavailability. Current
researches are emphasized on this particular matter by developing many
derivatives of resveratrol as well as new formulations to overcome this
problem. Further clinical trials are warranted in the future in order to
validate its therapeutic effectiveness and use in phytopharmaceuticals
as well as in food supplements.
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Bax, Bcl-2-associated X protein; BBB, Blood-Brain Barrier; Bcl-2,
B-cell lymphoma 2; BNDE, Brain-Derived Neurotrophic Factor; BUN,
Blood Urea Nitrogen; COX-1, Cyclo-oxgenase; CPTla, Carnitine
Palmitoyl-Transferase la; Cr, Creatinine; CREB, Camp Response
Element-Binding Protein; CSC, Cancer Stem Cells; CSE, Cerebrospinal
Fluid; DEN, N-nitrosodiethylamine; D-gal, D-galactose; DMBA,
Dimethylbenz(a)anthracene; DNA, Deoxyribonucleic Acid; DSS,
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3-Beta; GT'T, Glucose Tolerance Test; H&E, Hematoxylin and Eosin
stain; HCC, Hepatocellular Carcinoma; HFD, High Fat Diet; HIV-1,
Human Immunodeficiency Virus 1; HNSCC, Head and Neck Squamous
Cell Carcinoma; HPbCD, 2-hydroxypropyl-b-cyclodextrin; HPLC,
High-Performance Liquid Chromatography; HSP70, Heat Shock
Protein 70; HUVEC, Human Umbilical Vein Endothelial Cells; IFN-y,
Interferon Gamma; IL, Interleukin; IRS-2, Insulin receptor substrate-2;
LDH, Lactate Dehydrogenase; LLC, Lewis Lung Carcinoma; MAPK,
Mitogen-Activated Protein Kinases; MDA, Malondialdehyde; mRNA,
Messenger RNA; m-TOR, Mammalian Target of Rapamycin; NF-xB,
Nuclear Factor-kappa B; NO, Nitic Oxide; NQO1, NAD(P)H Quinone
Dehydrogenase 1; Nrf-2, Nuclear factor erythroid 2-related factor 2;
OPL, Oral Pre-neoplastic Lesion; OS, Oxidative stress; OSCC, Oral
Squamous Cell Carcinoma; PanIN, Pancreatic intraepithelial neoplasia;
PARP, Poly (ADP-ribose) polymerase ; PC, Preconditions; PCSCs,
Pancreatic Cancer Stem Cells; PD, Parkinson’s Disease; PGCl-a,
Peroxisome Proliferator-Activated Receptor Gamma Coactivator
1-Alpha; PI3K/Akt, Phosphatidylinositol 3-Kinase/Protein Kinase B;
PO, Pressure Overload; PPAR-y, Peroxisome Proliferator-Activated
Receptor; RSV, Respiratory Syncytial Virus; RV, Rotavirus; RWPE, Red
Wine Polyphenol Extract; SHRs, Spontaneously Hypertensive Rat ;
SIRT-1, Sirtuinl; SOD3, Superoxide Dismutase 3; STZ, Streptozotocin;
TCM, Traditional Chinese Medicine; TE, Telomerase; TG, Triglyceride;
TLR3, Toll-Like Receptor 3; TNF-a, Tumor Necrosis Factor Alpha;
TP, Total Protein; TPA, 12-O-Tetradecanoylphorbol 13-Acetate;
TRAMP, Transgenic Adenocarcinoma of the Mouse Prostate; TRIF,
TIR-Domain-Containing Adapter-Inducing Interferon-f; T-SOD,
Superoxide Dismutase; UV, Ultraviolet; XIAP, X-Linked Inhibitor of
Apoptosis Protein; y-GT, y-Glutamyl Transpeptidase.
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