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Abstract: Polyphenols have long been recognized as health-promoting entities, including
beneficial effects on cardiovascular disease, but their reputation has been boosted recently
following a number of encouraging clinical studies in multiple chronic pathologies, that seem
to validate efficacy. Health benefits of polyphenols have been linked to their well-established
powerful antioxidant activity. This review aims to provide comprehensive and up-to-date
knowledge on the current therapeutic status of polyphenols having sufficient heed towards
the treatment of cardiovascular diseases. Furthermore, data about the safety profile of highly
efficacious polyphenols has also been investigated to further enhance their role in cardiac
abnormalities. Evidence is presented to support the action of phenolic derivatives against
cardiovascular pathologies by following receptors and signaling pathways which ultimately
cause changes in endogenous antioxidant, antiplatelet, vasodilatory, and anti-inflammatory
activities. In addition, in vitro antioxidant and pre-clinical and clinical experiments on anti-
inflammatory as well as immunomodulatory attributes of polyphenols have revealed their
role as cardioprotective agents. However, an obvious shortage of in vivo studies related to
dose selection and toxicity of polyphenols makes these compounds a suitable target for
clinical investigations. Further studies are needed for the development of safe and potent
herbal products against cardiovascular diseases. The novelty of this review is to provide
comprehensive knowledge on polyphenols safety and their health claims. It will help
researchers to identify those moieties which likely exert protective and therapeutic effects
towards cardiovascular diseases.

Keywords: cardiovascular diseases, polyphenols, clinical trials, cardioprotective,
antioxidant

Introduction

In recent years, the excessive modification in lifestyles of inhabitants across the
world has moved human civilizations from a natural diet to unhealthy foods and
physical inactivity.! The grouping of such a lifestyle with continuous consumption
of toxic substances such as alcohol, cigarettes, and drug abuse has elevated the risk
of cardiovascular diseases (CVDs).? Cardiovascular maladies majorly affect the
“blood circulatory system” and involve the heart as well as blood vessels. This
multifactorial disorder is classified as coronary heart disease, cerebrovascular dis-
ease, peripheral arterial disease, rheumatic heart disease, congenital heart disease,
deep vein thrombosis, and pulmonary embolism (Table 1).> Moreover, these non-
communicable CVDs conditions may lead to various complications such as heart
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stroke, myocardial infarction, ischemia, angina, athero-
sclerosis, arrhythmia, and heart failure.* According to the
World Health Organization (WHO), the most common
cause of increased mortality rate is “cardiovascular

Table | Topology and a Brief Description of CVDs

diseases” around the globe.” According to the WHO, an
estimation in 2016 showed that almost 17.9 million people
died annually due to CVSDs, which is around 31% of
global deaths and, out of it, 85% are just because of

Disease Name Pathological Mechanism Risk Factors References
Coronary heart Narrowing of coronary arteries due to fatty deposits, Atherosclerosis, unhealthy food, lack of exercise, [101,104]
disease which limits blood flow to cardiac myocytes. and smoking
or coronary
artery disease
Cerebrovascular | Brain cells do not get enough oxygen and ischemic Comorbidities (Hypertension, Obesity, Diabetes [72]
disease stroke or embolism may result mellitus, Hypercholesterolemia), poor diet,
tobacco usage
Rheumatic heart | Damage of heart valves due to rheumatic fever Untreated streptococcal infections [87]
disease
Congenital heart | Defect present at birth in hearts walls, valves, and blood | Alcohol abuse, smoking, chromosomal defects [104]
disease vessel in the supply of blood to the heart and whole
body
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cardiac stroke and heart failure.® Three years ago, statis-
tical data of WHO revealed 250,000 deaths annually in
Pakistan due to heart stroke and heart failure, and this was
19% of global mortalities.” However, an alarming increase
in CVD cases has been observed in Pakistan in 2019, and
WHO found a whopping increase of 29% of total deaths,
which is almost 406,870 per year and expected to increase
to 22.2 million by 2030.%®

Several epidemiological reports have exhibited that
lower- and middle-income countries mostly become
a target of CVSDs due to a lack of an appropriate health-
care system.’ In addition, the WHO states that 75% of
cardiovascular diseases can be prevented by addressing
“behavioral risk factors” such as tobacco use, physical
inactivity, unhealthy diet, obesity, lifeless attitude, stress,
alcohol abuse, and obesity.10 On the other hand, the role of
“non-modifiable factors” such as gender, age, ethnicity,
and family history with an increased incidence of CVDs
can never be overlooked. However, controversy remains to
point out specific diet factors (for instance, meat, fiber, and
coffee) and their relationship with cardiovascular ailments.

Pathophysiologically, clinical events of heart stroke
and failure are related to any physical trauma, dyslipide-
mia, immunological reactions, and inflammation.''
Generally, a balance exists between the redox reaction of
reactive oxygen species (ROS) and intracellular antioxi-
dants to maintain cell signaling and vascular function.
However, excessive production of ROS leads to endothe-
lial dysfunction and changes in molecular pathways that
underpin the pathogenesis of CVDs.'> ROS directly or
indirectly activate different extracellular stimuli (Angll
and TNF-a) as well as induce hypertrophy-linked genes
(c-fos, c-jun, and erg-1) which ultimately transform hyper-
trophic myocytes. Thus, oxidative stress is commonly an
underlying mechanism provoking “myocardial diseases”

complications”.'*1

and “vascular Hypertension is
a hallmark of cardiac hypertrophy in response to high
blood pressure and volume which predisposes to heart
failure (HF) through apoptosis.'> While transient aggrega-
tion and release of platelets reflect cyclic variation in
blood flow and mimics ruptured atherosclerotic plaque,
a pre-requisite for acute coronary syndromes.'® Besides
this, disordered calcium signaling is a common cause of
cardiomyopathy and HF.'” Moreover, one more important
pathogenic factor involved in the progression of cardiac

»18 Charac-

hypertrophy to heart failure is “atherosclerosis
terized by fatty streaks associated with fibrous plaque

(combination of inflammatory cells, smooth muscle cells,

and lipid components).'® Therefore, cardiovascular disease
progression is indicated intracellularly through inflamma-
tory biomarkers such as CD-40, C-reactive proteins, and
cardiac myofilaments protein “troponin”.*

A large number of synthetic drugs (anticoagulants,
calcium channel blockers, vasodilators, angiotensin-
converting enzyme inhibitors, anti-platelets drugs, choles-
terol-lowering agents, B-receptor antagonists, and cell-
protein based therapies) are used to treat cardiovascular
conditions but cause a serious unwanted effect on human
health and are not economic, thus usage of herbal products
is skyrocketing in this contemporary era.’' The
WHO estimated that around 75% of the global medical
market are phytomedicines.?*

Medical plant research gains wide importance in the
treatment of CVDs and other ailments because of their
structural specificity and diversity.>> Herbal drugs are not
only limited to chemical composition and pharmacology
but now encompass study of “metabolites and their respec-
tive mechanism of action”. In addition, herbal treatment
provides a therapeutic effect as well as nutritional support
due to the

minerals.>*?> The overview of various articles touched

rich contents of phytochemicals and
on bioactive characteristics of well-tolerated phytochem-
icals which can be exploited for the development of potent
therapeutic agents and can be added easily to an indivi-
dual’s diet.”® Major classes of plant-derived chemical sub-

stances (Figure 1) are alkaloids, carotenoids, flavonoids,
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coumarins, polyphenols, saponins, terpenes, sulphur and
nitrogenous compounds, carbohydrates, lipids, and pro-
teins having an important role as cardioprotective agents.?’

Besides this, discovering protected and viable medica-
tions from plants is an intriguing issue in the cardiovas-
cular field. Most medicinal plants owning an incredible
safety profile portrays them as a novel candidature for
treatment of cardiovascular infections like hypertension,
hyperlipidemia, atherosclerosis, and cardiac failure.?®*’
Moreover, therapeutic plant-containing diets might be uti-
lized to adequately control hypertension, for instance, ade-
quate consumption of fruits, vegetables, nuts, red wine,
coffee, and others can likewise viably forestall the event of
CVD. This is related to food sources having “free radical
scavenging potential”.*® Additionally, therapeutic plants
have antioxidant properties, making them probably an
effective pharmacological agent. In therapeutic plant
research for CVD, “oxidative stress restraint” is an extre-
mely progressed research line. Multiple scientific studies
recommend that flavonoids and phenolics from medical
plants could diminish intracellular oxidative stress inter-
linked with cell-damaging.*' For examples, few preclinical
studies have reported effective use of Cichorium intybus,
Urtica simensis against myocardial injury or ischemia
because of the presence of polyphenolic compounds.*
Furthermore, diet low in saturated fats and comprising
fruits, vegetables, and essential fatty acids appear good
to reduce risks of cardiovascular diseases. For instance,
red yeast rice is rich in “monacolins K”, impedes HMG-
CoA
a beneficial lipid lowering effect.>® There is a variety of

reductase levels, and consequently produces
phenolic phytochemicals which have the potential to act
through different mechanisms. For instance, diosmin and
hesperidin are used widely in Europe and the USA, pri-
marily in venous insufficiency and targets cerebrospinal
fluid differentiation, oxidative enzymes levels, and pro-
fibrotic molecular signals in the body.** Polyphenols are
widely distributed across the plant kingdom including
fruits, cereals, vegetables, and beverages. Almost 8,000
polyphenolic compounds have been derived from natural
sources until now and various other scientific studies are
ongoing.>> Polyphenols are primarily classified as flavo-
noids, phenolic acids, lignans, and stilbenes based on
a diverse number of phenol rings and other functional
groups.*® Various studies have exhibited positive effects
of polyphenols against cancer, inflammation, neurodegen-
erative, and cardiovascular diseases. For example, “pino-
cembrin” extracted from honey showed a profound anti-

inflammatory effect through inhibition of nitric oxide,
metal chelating, and upregulation of antioxidant mechan-
isms inside the cells.*” Moreover, two eminent flavonoids,
“naringin” and “quercetin”, have exerted strong antiviral,
antifungal, and antiseptic effects by interfering in DNA/
RNA methylation of different viruses and bacteria.’®
Several pre- and clinical studies have demonstrated the
significant anti-inflammatory potential of “curcumin” and
“resveratrol” flavonoids through modulation of different
enzymes involved in arachidonic acid metabolism (COX-
I, COX-II, and phospholipase A2) and due to radical
scavenging property.”® With great advances in basic
redox biology, increased oxidative stress in the body trig-
gers several metabolic syndromes (MetS) including dia-
betes mellitus, atherosclerosis, Alzheimer’s disease, and
cancer.’’ Different animal model-based studies have
reported that supplementation with single/multiple poly-
phenolic compounds cut down fat deposition in the body
by inhibiting overexpression of extracellular single kinase
(ERK) 1/2, the peroxisome proliferator-activated receptor
endothelial
growth factor (VEGF), and kinase insert domain receptor.

(PPRA-y) adiponectin pathway, vascular
Thus, polyphenols are potential candidates for treating
metabolic diseases as well.*! On the other hand, certain
polyphenolic compounds may exert toxicity and detrimen-
tal impacts on living bodies. For instance, some polyphe-
nols showed genotoxic and carcinogenic effects result in
interrupted thyroid hormone biosynthesis.** Moreover,
iso-flavones are well-known because of their “estrogenic”
activity and may lean toward iron depletion through inhi-
bition of non-heme iron absorption. Therefore, safety
assessment of these secondary metabolites is an efficient
approach in the selection of appropriate dose relative to
their natural concentration in the body.*> Furthermore,
basic challenges associated with the consumption of poly-
phenolic compounds are unclear best doses, possible side-
effects, and long-term toxicity, intricate interactions with
pharmacological drugs, poor human evidence and clinical
trials, instability, and low bioavailability.***>

No doubt, numerous outstanding reviews on polyphenols
have been published already, but the reader is referred for
more in-depth information. Therefore, based on the excep-
tional pharmacological potential and safety profile of poly-
phenols, a review was designed to present a summary of
plant-derived safe polyphenols which act as therapeutic
moieties in this modern world. Furthermore, this review
will critically evaluate different studies demonstrating the
“impact of polyphenols on cardiovascular diseases” along
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Search Strategy
Polyphenols
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Primary Search
PubMed. Scopus, Science
Direct. Seifinder and Web of
Science
Records located = 750

Full text articles assessed
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n= 345

Full text articles excluded

* Names of phenolic
: [
compounds not given

n=22

Figure 2 Flowchart summary of the systematic review process.

with their assumptive underlying mechanism in human
interventions studies, animal models, and ex-vivo studies.

Methodology

A systematic review has been carried out to look at the
different pharmacological properties of plant-derived pheno-
lic compounds. To gather the information, the present review
collaborated with different international databases such as
Emerald Insight, Science Direct, PubMed, Web of Science,
Google Scholar, Scopus, ResearchGate, and Sci-finder with-
out limiting publication years of articles. These databases
encompassed books, dissertations, patents, as well as supple-
mentary reports and scientific journals (eg, The Lancet,
Canadian Journal of Cardiology, Phytomedicine, Journal
of Cardiovascular and Thoracic Research, Annals of
Hepatology, Traditional Medicine and Modern World,
World  Journal of
Pharmaceutical Research, Cardiovascular Endocrinology

Current  Atherosclerosis  Report,
and Metabolism). In addition, botanical databases such as
Flora of Pakistan, The Plant List, and Flora de Brasil were
also searched to confirm the botanical names of included
medicinal plants. A literature search was performed using
a combination of various search terms “CVS and plants”,
“phenols in CVS diseases”, “Risk associated with phenolic
“Safety of

“Importance of phenols”, “Clinical trials on phenolic com-

compounds”, secondary  metabolites”,
pounds”, “Primary prevention in CVDs”, “Cardioprotective
effect of polyphenols”, “Safe dose of polyphenols in cardio-
vascular diseases”, “Therapeutic potential of phenols”, and
“Phenols as drugs” to explore topic related current and

Title and Abstract
screening
n=535

Articles fitting the inclusion
criteria
n=99

previous information. The complete information was
obtained from published records between the years 2000 to
2020. During the search (Figure 2), studies based on our
relevant aim “safety profile of phenolic compounds and
their innovative role in cardiovascular diseases” were
retained only. However, non-English language publications
and having irrelevant knowledge were excluded from the
current study. Data and their scientific underpinning were

extracted from the above sources and compared.

Results and Discussion

The present review provides the details of several epide-
miological, animal, and human clinical trials-based studies
on plant-sourced polyphenols in terms of their safety pro-
file and therapeutic effect in a wide range of chronic
pathologies, especially cardiovascular diseases including
thrombosis, cardiac stroke, atherosclerosis, inflammation,
and heart attack. Descriptive analysis of several plant
extracts and isolated compounds based scientific studies
was done with “Microsoft Excel Software”, which showed
the excellent capacity of herbs against cardiovascular dis-
eases. Data in Figure 3 representpercentages of all species
of different plants in pie-chart form. Besides this, data in
Table 2 show 25 potent plants belong to different families
such as Asteraceae (4 sp.), Lamiaceae (4 sp.), Apiaceae (2
sp.), Rosaceae (2 sp.), Poaceae (2 sp.), Ericaceae (1 sp.),
Fabaceae (1 sp.), Punicaceae (1 sp.), Malvaceae (1 sp.),
Grossulariaceae (1 sp.), Theaceae (1 sp.), Lauraceae (1
sp.), Oleaceae (1 sp.), and Vitaceae (1 sp.). Furthermore, it
was also evaluated from data that plants possess

Drug Design, Development and Therapy 2021:15
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Figure 3 Percentage of botanical families having potential towards cardiovascular diseases.

a sufficient concentration of secondary metabolites, espe-
cially phenols and flavonoids responsible for their phar-
macological actions in peripheral vascular diseases and
cardiac abnormalities. Statistical analysis showed that the
Asteraceae family possess a significant (20%) number of
plants having superb potential towards cardiovascular dis-
eases. While plants of Lamiaceae, Apiaceae, Rosaceae,
and Poaceae families have a percentage of 16% in the
current review, which shows an abundant amount of poly-
phenols having a vital role in treatment of heart diseases.

Mechanisms of Action of
Cardio-Therapeutic Polyphenols

To understand the mechanistic approaches adopted by
most of the bioactive natural agents, especially polyphe-
nols, various research reports have been analyzed. The
findings have been manifested that polyphenol may func-
tion in CVS risk reduction through the regulation of dif-
ferent molecular pathways (Figure 4).

Safety of Polyphenols
To get the best therapeutic efficacy and longer duration of
action, pharmacokinetic profiles and safety evaluations of

natural substances have gained wide importance in this

modern world. Most investigations of polyphenols
intended to evaluate protective impacts of polyphenols
against different ailments and harmful medications; how-
ever, few researchers have focused on their “safety profile”
as well.*® No intense harmfulness was seen by using grape
seed proanthocyanidin extract orally with a dose of 2 g per
kilogram of body weight in Wistar albino rats after induc-
tion of a punicalagin (60 g/kg) diet to rats.*’
Notwithstanding, a high concentration of quercetin (2%
or 4%) in the diet of rats caused chronic nephropathy,
while no impact on survival time was seen, even though
high quercetin (0.1%) levels in diet altogether decreased
the life expectancy of mice.*® Some polyphenols may have
cancer-causing or genotoxic impacts at higher dose.** For
instance, development of renal tumors and forestomach
infections has been linked with usage of 2% dietary caffeic
acid in animals. Direct extrapolation of this information
demonstrates significant risk at normal dietary levels.”
Besides, catechol-estrogens are hypothesized to cause
renal cancer by estradiol. Quercetin  restrains
O-methylation of catechol-estrogens and elevates the
renal concentration of 2- and 4-hydroxyestradiol by 60—

80%, which may enhance the redox effect of catechol-
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Table 2 Summary of Different Plants Derived Polyphenols Having a Cardioprotective Effect
Sr. No | Plant Name | Family Polyphenolic Compound References
| Cynara Asteraceae Quercetin, Apigenin-7-glucoside, Verbascoside, [90]
scolymus
2 Gundelia Asteraceae Luteolin-7-O-glycone, Chlorogenic acid, Rutin, Apigenin-7-O-glucoside [68]
tournefortii
3 Achillea Asteraceae Chlorogenic acid, Vicenin-2, Luteolin-3-,7-di-O-glucoside, Luteolin-7-O-glucoside, [18]
millefolium Rutin, Apigenin-7-O-glucoside, Luteolin, Apigenin
4 Carthamus Asteraceae Catechin, Cyanidin, Delphinidin, Ellagic acid, Gallic acid, isoquercetin, Ursolic acid, [6]
tinctorius oleanolic acid,
5 Cichorium Asteraceae Caffeic acid, Quercetin, Kaempferol, Apigenin [116]
intybus
6 Thymus Lamiaceae Cryptochlorogenic acid, Homovanillic acid, Kaempferol, Ferulic acid, Gallic acid, [97]
vulgaris Vanillic acid, Naringin-c-hexoside, Hesperidin, Hesperetin
7 Salvia Lamiaceae Benzophenone, Iriflophenone-2-O-a-L-rhamnopyranoside, Rosmarinic acid,
miltiorrhiza Rosmarinic acid methyl ester, salvianolic acid A methyl ester, salvianolic acid A ethyl
ester,
8 Rosmarinus Lamiaceae Caffeic acid, Protocatechuic acid, Coumaric acid-O-hexoside, Cryptochlorogenic acid, | [59]
officinalis Rosmarinic acid-O-hexoside, Ferulic acid, Gallic acid, Vanillic acid, Naringin-
c-hexoside, Hesperidin, Hesperetin
9 Melissa Lamiaceae Cinnamic acid, Caffeic acid, Rosmarinic acid, Protocatechuic acid [22]
officinalis
10 Cuminum Apiaceae Caffeic acid, chebulagic acid, chebulinic acid
cyminum
I Pimpinella Apiaceae Catechin, Caffeic acid, Ferulic acid, Syringic acid, Cinnamic acid, Quercetin, Vanillic
anisum acid, Chlorogenic acid, Luteolin, Apigenin
12 Coriandrum Apiaceae Vanillic acid, Ferulic acid, Kaempferol, Quercetin, Acacetin [38]
sativum
13 Cydonia Rosaceae Phloretin, Neochlorogenic acid, Feruloylquinic acid, Quercetin, p-coumaric acid [42]
oblonga
14 Rubus idaeus | Rosaceae Ellagic acid, catechin, pelargonidin-3-rutinoside, cyanidin diglucoside [22]
15 Eleusine Poaceae Naringin, kaempferol, Luteolin, apigenin, caffeic acid, ferulic acid, Syringic acid [28]
coracana
16 Secale cereale | Poaceae Vanillic acid, p-coumaric acid, t-ferulic acid, Vanillin, sinapic acid, caffeic acid [67]
17 Vaccinium Ericaceae Anthocyanins, [58]
cyanococcus Chlorogenic acid, Hydroxycinnamic esters, Proanthocyanidins, Peonidin, Malvidin,
Delphinidin, Ellagic acid, Gallic acid
18 Phaseolus Fabaceae Flavanones, Flavonols, Flavones, Anthocyanins, coumestans, pterocarpans [40]
vulgaris
19 Punica Punicaceae Catechin, Cyanidin, Delphinidin, Ellagic acid, Gallic acid, isoquercetin, Ursolic acid, [102]
granatum oleanolic acid
(Continued)
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Table 2 (Continued).

Sr. No | Plant Name | Family Polyphenolic Compound References
20 Theobroma Malvaceae Catechin, Anthocyanins, Epicatechin, Catechin, Proanthocyanidins, cyanidin-3-a- [78]
cocoa L-arabinoside, Gallocatechin
21 Ribes nigrum | Grossulariaceae | Quercetin, p-coumaric acid, p-hydroxybenzoic acid, Gallic acid, Syringic acid, [48]
Chlorogenic acid, Kaempferol, Caffeic acid derivatives, Myricetin-3-O-rutinoside
22 Camellia Theaceae Quercetin, Quinic acid, Caffeoyl glucose, Feruloylquinic acid, Catechin, Quercetin- [
sinensis 3-O-rutinoside
23 Cinnamomum | Lauraceae Rutin, Catechin, Quercetin, Isorhamnetin, Kaempferol [57]
zeylanicum
24 Olea europaea | Oleaceae Quercetin-3-O-rutinoside, Luteolin-7-O-glucoside, Luteolin-4'-O-glucoside, Apigenin- | [90]
L 7-O-glucoside
25 Vitis vinifera Vitaceae Resveratrol, Epigallocatechin-3-gallate, Quercetin, Anthocyanins, Procyanidins, [2]
Catechin, Epigallocatechin, p-coumaric acid, Ferulic acid

estrogens and estradiol-induced tumorigenesis.’’ The
in vitro genotoxic effects may be attributed to consump-
tion of high doses on which polyphenols become “perox-
idant”. Moreover, various ex vivo experiments have been
shown the production of glutathionyl quercetin adducts in
tyrosinase-rich B16F-10 melanoma cells and in
a myeloperoxidase-rich human HL-60 cell line, which
provides significant evidence to the pro-oxidative diges-

tion of quercetin inside the cell.’® This additionally

Reduce ventricular
dysfuntioning and
blood pressure

I;l:-l)t:;t Reduce
production apoptosis
Decrease Decrease
phosphory- hypertrophy
lation of and fibrosis
MAPK

Upregulate SIRT
and Nrf2 signaling
pathways

Figure 4 Possible mechanisms of polyphenols in the prevention of cardiovascular
diseases.
Note: Data from Gormaz et al.''”

recommends that tissues having excessive oxidative che-
micals might be especially powerless against the pro-
oxidant damage of quercetin. Lastly, green tea catechins
(1% or 0.1%) have been found to improve tumor advance-
ment in the colon of F344 male rats and, although quer-
cetin may diminish malignant cell growth at higher
concentrations, it has been found to restore cell multiplica-
tion at low concentrations (1-5 pmol/L).>?

Likewise, consumption of polyphenols may also have
“anti-nutritional impacts”. For instance, hindrance of non-
heme iron absorption owing to concurrent tea utilization is
notable as the intense usage of polyphenols may enhance
the risk of iron exhaustion in heme-deficient individuals.>*
Major sources of dietary polyphenols, like espresso, tea,
and wine, which are routinely used, do not contain vitamin
C, which typically enhances non-heme iron absorption.>
Moreover, proanthocyanidins and ellagitannins have been
considered anti-nutritional compounds, especially in ani-
mal’s diet as they can interact with proteins and deactivate
series of enzymes. They influenced the development and
digestion of rats when added to their routine food in
a higher concentration (10 g/kg diet), however not at
a lower dose.’® Finally, drug bioavailability and pharma-
cokinetic profile may also influence by polyphenols, for
instance, bioavailability of benzodiazepines and terfena-
dine is enhanced when administered in grapefruit juice
(rich in naringenin) just due to the hindrance of CYP3A4
microsomal isoenzyme.’’ These impacts, which might be
inferable to some extent to “psoralens and naringenin’, are
clinically significant in the case of cyclosporine, a drug

https:
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Carcinogencicity/
geonotoxicity

Thyroid toxicity

Esterogenic activity

polyphenols

Anti-nutritional effects

Hazards related to

Pharmaceutical/drug
interactions

Figure 5 Hazards related to polyphenols.
Note: Data from Cory et al.'*®

having a low therapeutic index.*’ Different studies have
exhibited toxic and mutagenic effects of polyphenols on
higher doses, resultanting in mortality (Figure 5).

Toxicity Studies of Polyphenols

Natural compounds (polyphenols) are found to be safe even
at higher doses as compared to synthetic and semisynthetic
drugs. However, before initiating the clinical trials there is
a dire need to evaluate the safety and efficacy of phenolic
compounds through series of in vivo experiments. Certain
phenolic compounds possess the capability to transform
normal cells through tumorigenesis therefore, examination
of toxicity and safety is a necessary measure, action into
tumor-inducing agents. Tables 3—6 represent a summary of
various polyphenolic compounds in terms of lethal dose and
their detrimental impacts which have been studied until now
in several experimental (in vivo and in vitro) studies.

Polyphenols Effective in Cardiovascular
Diseases (CVDs)

Quercetin
Quercetin is a polyphenol compound obtained mostly from
different natural sources including fruits, vegetables, nuts,

chocolate, coffee, spices, herbs, virgin olive oil, cocoa,
black and green teas. Different studies have been generally
revealed cardioprotective and cardio-therapeutic effect of
in treatment
of atherosclerosis.® Numerous biological mechanisms of

quercetin  (Qu) flavonoids, particularly
quercetin have been discovered, for example, repressing
arrangement of reactive oxygen species by obstructing nico-
tinamide-adenine dinucleotide phosphate (NADPH) oxi-
dase, forestalling the development of atherosclerotic
plaques by upregulating nitric oxide synthase enzyme and
hampering plaques in endothelium by downregulating
levels of metalloproteinase-1 (MMP-1).%*°° Bhaskar et al°’
reported the dose-dependent effect of quercetin on inflam-
The

revealed quercetin an excellent scavenger towards reactive

mation-induced  hypercholesterolemia. outcomes
nitrogen and oxygen species and exerted an inhibitory effect
on inflammatory enzymes such as 5-LOX, COX, NOS, and
MPOs in mononuclear cells of animals.

Various in vitro studies have demonstrated the anti-
inflammatory potential of quercetin in cultured human
cells (HuH7 hepatoma cells) with two humanized models
of cardiovascular diseases in terms of inflammatory infec-
tions. Results showed the inhibitory effect of quercetin on
inflammatory cardiovascular risk factors, eg, human CRP
thus
Furthermore, a recent study conducted by Mengjuan

and fibrinogen, attenuating  atherosclerosis.®?
et al, 2020 exhibited that quercetin significantly sup-
pressed endothelial dysfunctioning and atherosclerotic pla-
que by attenuating the expression of p47phox and NADPH
related oxidative damage attributed vital contribution of
flavonoids in vascular diseases.®®> However, a double-blind
randomized clinical trial has demonstrated the profound
effect of quercetin on systolic blood pressure, but non-
significant activity was analyzed on diastolic blood pres-
sure and inflammatory cytokines. Thus, in vitro biological
effects of quercetin are not proven in human studies and
need to be elucidated further on different doses to obtain
the better outcomes.®* The cardioprotective impacts of
quercetin have been reported in various models of ex-
vivo cardiomyocyte injury. In a model of 4-hydroxynone-
nal-induced toxicity in H9¢c2 heart cell line quercetin pre-
treatment (0.1-10 uM for 24 hours) diminished production
of reactive oxygen species, p-SAPK/INK levels, p-Hsp27
levels, and improved cell viability by ameliorating cardio-
myocyte damage.®

The present review also focused on the safe use of
quercetin signal dietary compound for critical health
aspects. In 1999, the International Agency for Research
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Table 3 Safety Profile and Related Effects of Plants-Sourced Polyphenols

Polyphenolic Dose Pharmacological Effects References
Compounds
Gallic acid 5000 mg/kg via oral route in an acute toxicity Non-toxic [8]
study
Clovinol 1,000 mg/kg b.w in subchronic toxicity study Non-toxic [115]
Curcumin 2,000-5,000 mg/kg No adverse effects [75]
Rutin Up to 5,000 mg/kg Non-toxic [106]
Naringin 1,250 mg/kg for period of 6 months (chronic Hair loss, decrease in body weight and food [63]
toxicological studies) consumption
Myricitrin 200, 500, and 1,000 mg/kg in rats No toxic effects
Resveratrol A higher dose of | mg/kg Hypercholesterolemia-related atherosclerosis [119]
1,000 and 3,000 mg/kg Renal toxicity and nephropathy, reduction in weight of | [78]
lungs and heart
Lower dose 300 pg/mL Non-toxic, good antioxidant [81]
Quercetin 2, 4, 6 glkg No acute toxic effects [3]
8 g/kg Neurotoxicity along with disruption of BBB and cause [3]
jerks as well as writhes
Epigallocatechin 50 uM Neurotoxicity along with disruption of BBB [102]
gallate
Cyanidin- 50 uM Neurotoxicity along with disruption of BBB [84]
3-glucoside
Benzoic acid 800 mg/kg body weight orally Low toxicity level [14]
and 12 mg/L aerosol/dust inhalation
Higher dose >800 mg/kg Weight gain, lesions in kidneys, lungs, skeletal muscles, [50]
stomach
Kaempferol 8 glkg No acute toxic effects [3]

on Cancer (IARC) inspected the expected cancer-causing
hazard of quercetin to people and, in light of information
accessible around then, arrived at the general resolution
that “quercetin is not classifiable regarding its cancer-
causing nature to humans”.®® Various human clinical stu-
dies examined quercetin aglycone as a solitary compound
or in a mix with high measures of nutrient C with or
without a low dose of niacin/nicotinamide. Nonetheless,
it was perceived, that the pre-owned dosages of nutrient
C and niacin/nicotinamide might be too naturally dynamic
and may affect the bioavailability of quercetin.®’
Furthermore, other investigations involving quercetin
aglycone in blend with at least one other presumably
organically dynamic substance such as bromelain, curcu-

min, tea-catechin, and cinnamon bark extracts were also

explored. These investigations were considered of minor
significance concerning the safety profile of quercetin
aglycone, because of open enquiries on the relevance of
these studies results to organization of quercetin as
a “single ingredient”. Concerning utilization of quercetin
in blend with nutrient C, there are open enquiries regard-
ing whether nutrient C may mitigate conceivable suppor-
tive of oxidative impacts of quercetin.®® Fundamentally,
in vitro as well as some in vivo scientific studies have
shown that even though quercetin showed antioxidative
impacts intracellularly and quercetin itself was changed
into oxidation products, o-semiquinone and o-quinone,
which may respond with thiols and cause loss of protein
function and cytotoxic effects. The pro-oxidative impacts

of quercetin might be reliant upon the quercetin dose,
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Table 4 Comparison of Different Doses of Quercetin and Its Derivatives as a Cardioprotective Agent
Compound | Experimental Model Mechanism Pharmacological Effect References
Name and Dose
Quercetin Isoproterenol induced myocardial Decrease reactive oxygen Decrease inflammation and [56]
infarction in rats (20 mg/kg) species and levels of calpain oxidative stress
Diabetic cardiomyopathy in rats (10— Decrease troponin levels, Decrease cardiac damage, [46]
50 mg/kg) low-density lipoproteins, inflammation, apoptosis and increase
caspases 3 and 9 cell viability
Troxerutin In vivo rat model by inducing ischemia- Decrease levels of IL-1b, Decrease infarct size, arrhythmia [76]
reperfusion (150 mg/kg) ICAM-1 and TNF-alpha and inflammation ultimately increase
cardiac function
Iso-quercetin | In vitro assay on H9¢c2 cells by inducing | Decrease ROS generation and | Increase cell viability and [18]
ischemia-reperfusion (20-80 pM/mL) cytochrome-c release mitochondrial protection. Also,
decrease apoptosis
Isorhamnetin | In vitro assay on H9¢c2 cells by inducing | Decrease caspases 3, Enhance mitochondrial protection [43]
ischemia-reperfusion (10—40 pM/mL) cytochrome-c release and and decrease oxidative damage
reactive oxygen species
Dihydro- In vitro assay (H9c2 cells) and in vivo rat | Decrease apoptosis and Decrease ROS, ER stress and PI3K/ | [92]
quercetin model by inducing ischemia-reperfusion oxidative stress Akt
(5-20 pM/mL)
Table 5 Comparison of Different Doses of Naringin and Its Derivatives in Cardiovascular Diseases
Compound | Experimental Model and Mechanism Pharmacological References
Name Dose Effect
Naringin High-fat diet-induced rat Ameliorated functioning of endothelium by enhancing Decrease blood [4]
model (100 mg/kg body bioavailability of NO (nitric oxide) Moreover, exert pressure and treat
weight) therapeutic effects against prolonged inflammation by hypertension
decreasing levels of inflammatory mediators
intracellularly
Stroke-prone hypertensive Ameliorated functioning of endothelium by enhancing Decrease cardiac [97]
Wistar rats (200, 500, and bioavailability of NO (nitric oxide) damage and
1,000 mg/kg) hypertension
Isoproterenol induced Decreased lipid peroxidation and levels of ROS Cardioprotective [3]
myocardial infarction in rats agent
(10, 20, and 40 mg/kg)
Doxorubicin-induced The reduced serum concentration of AST, LDH, and Protected against [61]
cardiotoxicity (10 mg/kg CK-MB cardiotoxicity
body weight)
Naringenin In vitro assay on H9c2 Naringenin produced an inhibitory effect against Decreased [75]
cardiomyocyte cells daunorubicin apoptosis of H9c2 cardiomyocyte cells inflammation
ultimately increase
cardiac function

exposure time, and cell-mediated redox reactions.®” Wee
et al’® explored that oral admission of quercetin in people

is endured and just an extremely low frequency of

unwanted effects has been analysed to date. After admin-
istration of a moderately low quercetin portion of 150 mg

quercetin each day for about a month and a half, certain
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Table 6 Plants Derived Natural Polyphenols in Pre-Clinical and Clinical Trials Against Cardiovascular Diseases

Compound | Experimental Model and Dose Mechanism Pharmacological Effect References
Name
Resveratrol Randomized study on 34 patients with Increased in blood flow- Anti-inflammatory, [33]
metabolic syndrome (100 mg resveratrol with | mediated dilation and improved | Antihypertensive, Lipid-
a combination of quercetin and vitamin D3 and | endothelial dysfunction lowering agent
rice bran)
Placebo controlled double-blind randomized Improved function of Anti-inflammatory, [97]
study on hypertensive patients (n=24) with endothelium function and no Hypercholesterolemia agent
metabolic syndrome (300 mg resveratrol OD) | effects on blood pressure and and lipid-lowering drug,
augmentation index Cardioprotective
Triple blind randomized placebo-controlled Decreased lipid peroxidation Cardiovascular effects [95]
study on 75 stable coronary artery disease and levels of ROS
patients with metabolic syndrome (370 mg
resveratrol capsule with 350 mg
Stilvid OD)
Curcumin Randomized controlled trials double-blind trial | Increased cell viability and Anti-inflammatory, [8]
(70 mg/day curcuminoids) mitochondrial protection. Also, | Hypercholesterolemia,
decrease apoptosis antioxidant
Catechin and | A perspective cohort study on women Decreased lipid peroxidation Anti-inflammatory, [8]
Epicatechins (34,492) for 13 years. Catechin and levels of ROS antioxidant,
Cardioprotective effects,
impedes coronary artery
disease

boundaries of liver and kidney capacity, hematology, and
serum electrolytes were estimated in obese people. All
findings showed normal ranges of respective laboratory
parameters as compared to reference values. Another
study was performed on 500 mg quercetin with 500 mg
nutrient C and 20 mg nicotinamide each day or 1,000 mg
quercetin with 1,000 mg nutrient C and 40 mg nicotina-
mide each day for 12 weeks. Each group included around
330 people, of which 37% had a history of at least one
constant illness. Outcomes exhibited no significant harm-
ful effects on patient’s health.”' Regarding the utilization
of quercetin as a solitary compound, logical data for safety
assessment of quercetin from human clinical studies is
restricted because of lack of authentic safety profile, parti-
cularly thinking about the long-term treatment (>12
weeks) with high-concentration supplemental quercetin
applications (1,000 mg d ")’ (Table 4).

Naringin

Naringin is a flavonoid compound that belongs to subclass
flavones and is extensively distributed in “citrus fruits”
such as bergamot and tomatoes. Naringin is a remarkable

polyphenolic compound having wide organic effects on
human wellbeing. This secondary metabolite incorporates
a reduction in lipid peroxidation biomarkers and protein
carboxylation, advances glucose digestion, builds a cancer
prevention agent, decreases levels of ROS, and applies
hostility to atherogenic and calming impacts.”* It has like-
wise been an extraordinary capacity to balance macromo-
lecular pathways identified with unsaturated fats digestion,
which favors unsaturated fats oxidation, hinders lipid
accumulation in the liver, and this manner prevents fatty
liver other than effectively disabling plasma lipids and
lipoproteins collection.”* Moreover, naringenin (derivative
of naringin) potentiates intracellular reactions to low insu-
lin dosages by sharpening hepatocytes to insulin, other
than having the option to cross the blood-brain barrier
(BBB) and to exert different neuronal impacts, through
its capacity to cooperate with protein kinase
C pathways.”” Anti-malignant, anti-proliferative, and
anticarcinogenic impacts have additionally been attributed
to this metabolite’® due to its excellent capacity to fix
DNA. Additionally, antiviral impacts have accounted for

naringenin showing a significant inhibitory response
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against dengue infection, blocking intracellular replication
of chikungunya infection,”” and hindering irresistible
hepatitis C infection. However, this bioflavonoid is inade-
quately consumed by oral ingestion, with just 15% of
ingested naringenin retained in the human gastrointestinal
parcel,”® which has set off a few investigations on its
bioavailability. A recent study has revealed that pretreat-
ment with different doses (10, 20, and 40 mg) of naringin
decrease oHdG and poly ADP-ribose polymerase enzyme
activity in the heart and liver of mice, which ultimately
downregulates mitochondrial tri-carboxylic acid enzyme
activity. In addition, naringin is a well-known cardiopro-
tective agent due to its efficient capability against hyper-
glycemia associated ROS-activated MAPK signaling
mediated pathway (Table 5).

Resveratrol
Resveratrol (3, 5,
a polyphenolic

4'-trihydroxy-trans-stilbene) ~ is
stilbene obtained by different plants.
Although people can acquire modest quantities of resveratrol
in specific food varieties like peanuts, grapes, berries, and so
on, a significant amount of dietary-sourced resveratrol has
been consumed in multiple scientific works.” A large number
of clinical studies have been conducted to analyze the viability
of resveratrol in treating patients with heart failure® to mea-
sure impacts of resveratrol on variables identified with the
pathogenesis of atherosclerosis and chronic artery disease by
altering inflammatory, arachidonic acid metabolism, and
endothelial functioning pathways.®' Most of the preclinical
studies have shown the therapeutic efficacy of resveratrol in
mice/rat pressure-over-burden incited HF models by improv-
ing diastolic pressure, cardiovascular remodeling, myocardial
functioning, vascular blood flow and preventing heart

.82
fibrosis.®

Curcumin

Curcumin is a principal curcuminoid of “curcuma longa”
which is traditionally applied to forestall different chronic
pathological conditions. Several ongoing investigations
have reported the extraordinary role of this phytochemical
in regulation of “signaling pathways” such as cellular
proliferation and differentiation, tolerance, and oxidative
stress. One pre-clinical study was conducted by Li et al to
explore the therapeutic potential of curcumin in male mice
having aortic aneurysm induced by transient elastase per-
fusion of stomach aorta. Findings had shown a marked
decrease in the expansion of aortic breath, improvement in

elastin integrity, and lower levels of inflammatory

mediators, eg, tumor necrosis factor-alpha (TNF-a),
nuclear factor kappa-B (NF-«fB), and activator protein-1
(AP-1), as with administration of curcumin (100 mg/kg/
day) for 14 days. Moreover, studies have been proven that
curcumin adds to decreasing the frequency of athero-
sclerosis. The first study had been conducted in ApoE
—/—/LDLR—/— mice to evaluate restorative impacts of cur-
cumin (0.3 mg/d/mice) on an atherosclerosis. Results have
shown that curcumin treatment exerted a significant effect
against atherosclerosis progression, in spite of producing
no extraordinary therapeutic effect on body weight and
lipid profile of mice.*> Moreover, another study also sup-
ported the results of the previous one by exhibiting
remarkable changes in gene expression of leukocytes
attachments and endothelial cells movement in aortic tis-
sues of ApoE induced mice treated with curcumin (0.2%
w/w in diet, 4 months).** These effects represent strong
pharmacological activity of curcumin against atherosclero-
sis through activation of inhibitor of NF-kB (IxkB) and
decreasing the expression of inflammatory mediators (eg,
NF-xB, and NF-xB (IkB)).
Furthermore, significant downregulation of toll-like recep-

tumor necrosis-alpha,
tor 4 (TLR4) activation has also been analyzed with the
treatment of curcumin (0.1% w/w in diet, 16 weeks) in
ApoE induced mice.*

In cardiac contractility and myocytes functioning cal-
cium signaling plays a crucial role, and cardiovascular
breakdown is constantly joined by deregulated calcium
concentration. Curcumin had the option to smother cardi-
ovascular hypertrophy and cardiovascular breakdown by
interfering in pathways regulated via calcium. For exam-
ple, change in location of sodium-calcium exchangers,
maintenance of calcium concentration in sarcoplasmic reti-
culum and also upregulate Ca-ATPase expression intracel-
lularly by hampering calcium-calmodulin protein kinase-II
and calcineurin factor of lymphocytes (NFAT).®¢ Cardiac
fibrosis is a “neurotic trademark” for the change to cardi-
ovascular breakdown advanced from cardiac enlargement
as well as accumulation of extracellular proteins (collagen
type-1) in inter-myocardium. Liu et al *” demonstrated the
inhibitory effect of curcumin (200 mg/kg/day for 3 days)
on collagen deposition in isoproterenol (Iso)treated rats. In
addition, findings exhibited that curcumin repressed the
mammalian rapamycin (mTOR)/autophagy signaling path-
way, thus efficiently controlled cardiac hypertrophy and
fibrosis occurred due to isoproterenol.

To date, several studies have been conducted to inves-
tigate the cardiotoxic and cardioprotective effects of
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curcumin in “doxorubicin” induced cardiomyopathy or
cardiomyocytes injury in rats. Doxorubicin elevated levels
of serum creatinine kinase and lactate dehydrogenase
joined by suppressed expression on glutathione peroxidase
and catalase antioxidant enzymes antioxidants intracellu-
larly. However, outcomes showed suppressive action of
curcumin (200 mg/kg/day) for 4 weeks duration on cardi-
otoxicity profile of animals, thus it may be used as
a cardioprotective agent to forestall heart injury in doxor-

ubicin-treated Wistar albino rats.%%°

Salvianolic Acid

An in vivo research study had been conducted to assess the

therapeutic action of salvianolic acid on Guinea pig heart

injury
.90

expression.

exposed with hypoxia associated myocardial

induced with nitro oxide synthase
Furthermore, in vitro studies have manifested the anti-
atherosclerosis effect of salvianolic acid on H-mon DC
cells/tissues by suppressing activation of PPAR-y nuclear
translocation, regulation of toll-like receptors, and expres-
sion of CD40, CD86, interleukins, and tumor necrosis
factor-alpha.”’ An in vivo study demonstrated that pre-
treatment with salvianolic acid for continuous 8 days
exerted excellent potential towards isoproterenol-induced
myocardial infarction and myocardial injury by elevating
levels of lactate dehydrogenase, creatinine kinase, and

malondialdehyde.””

Catechins/Epigallocatechin

Numerous epidemiological, pre-clinical, and clinical stu-
dies have formed a positive relationship between natural
products “green tea’ and cardiovascular health. Green tea
possesses “catechin”, a class of polyphenols having multi-
ple pharmacological actions including antioxidant capa-
lipid
downregulation of vascular inflammation, impeding effect

city, inhibition of enzymes  biosynthesis,
on smooth muscles proliferation, and so on. The majority
of scientific reports have shown a strong potential of
catechins towards the mitigation of CVDs.”® Hayek et al
found a 39% reduction in aortic atherosclerotic arch
lesions in 40 apolipoprotein E (ApoE) deficient mice that
were administered with catechin-rich water (50 pg/day) for
6 weeks as compared to placebo. A 31% decrease was
observed in low-density lipoprotein levels and less sus-
ceptibility towards oxidation.”

Moreover, one study reported that feeding of athero-
genic diet in ApoE-deficient mice and pre-treatment with

3.2 mg/day of green tea extract containing (584 mg/g (—)

epigallocatechin-gallate, 117 mg/g (—) epigallocatechin,
66 mg/g (—) epicatechin, 16 mg/g (+) gallocatechin gallate,
and 5 mg/g (—) epicatechin gallate) over 2 weeks may
exert significant attenuation in atherosclerosis aortic area
than the placebo group.95 Reis et al”® conducted a cohort
study on 5,115 subjects over 20 years and reflected on the
excellent efficacy of green tea against coronary artery
disease just because of the rich content of polyphenolic
compounds such as catechin and epicatechin. Various
foods in a normal diet are high in flavan-3-ols, including
tea, nuts, cocoa (chocolate), grapes (wine), and legumes,
and their beneficial outcomes on cardio-metabolic disor-
ders, eg, diabetes, and cardiovascular diseases hae been
observed. Standard chocolate usage has additionally been
related to a valuable impact on blood vessel solidness,
which is associated with the improvement of systolic
hypertension.”” Likewise, results of a forthcoming enor-
mous, cancer nutrition cohort prevention study showthat
consumption of polyphenolic compounds, especially fla-
van-3-ols, can decrease cardiovascular infection risk
efﬁciently.98 Meta-analysis of cohort, case-control, and
cross-sectional investigation revealed a 37% lower risk
of any cardiovascular illness, a 31% decrease in diabetes,
and a 29% decline in risk of stroke in people who con-
sumed rich content of cocoa and chocolate, nonetheless,

no critical cardiovascular

929

impact was seen on

breakdown.” Meta-analysis of several observational
investigations has likewise announced that flavan-3-ols
rich food sources can decrease the frequency of cardiac
stroke as well as myocardial infarction related hazards.'®
Furthermore, a meta-analysis of randomized, controlled
preliminaries detailed that cocoa flavan-3-ols from
enhancements and dietary sources produce unassuming,
however critical, upgrades in cardio-metabolic biomarkers
(ie, lipid peroxidation, insulin insufficiency, and chronic

inflammation or fibrosis).'*!

Gallic Acid

Gallic acid is a part of “esters of gallotannins” having
a strong antioxidant capacity and free radical scavenging
potential. Likewise, gallic acid also possesses antibacter-
ial, antiviral, anti-inflammatory, antitumor, and apoptotic
actions.'” Different studies have shown the protective
effects of gallic acid towards doxorubicin-induced, isopro-
terenol-induced, indane-incited cardiotoxicity and secure
diabetes-associated myocardial damage in Wistar rats. The
extensive profile of pharmacological actions of gallic acid
is attributed to a massive concentration of secondary
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metabolites (polyphenols) and their antioxidant activity in

natural resources.'®>

Iso-Flavone
Several epidemiological investigations have demonstrated
that the utilization of soy-containing food may forestall or
hinder the advancement of cardiovascular sickness. In
endothelial cells use of soy extract and a blend of soy
isoflavones (genistein + daidzein) both repressed apopto-
sis, the main thrust in atherosclerosis advancement, when
applied in a mix with oxidized LDL or homocysteine.'**
Proteome investigation uncovered that consumption of
genistein/daidzein mixture and soy extract reverted stres-
sor-incited variations of protein expression. In addition,
proteins isolated by proteome investigation revealed that
soy isoflavones may build the mitigating response in blood
mononuclear cells in this manner adding atherosclerosis-
preventive characteristics of a soy-rich extract.'®®
Isoflavones are a group of polyphenols that are due to
their “estrogen-like action” which provide them antago-
nistic characteristics in Asian people, levels of plasma
isoflavone are for the most part somewhere in the range
of 0.05-5 pmol/L, which addresses buyers of a lot of
isoflavone-rich items like soy. Though a conventional
Asian eating regimen of 20-120 mg isoflavones/day is
used, for western people the permissible limit for the
eating regimen is assessed as 0.2—5 mg/day. High admis-
sions have been related to diminished ripeness in crea-
tures and luteinizing chemical impacts among
premenopausal ladies. Besides, concerns have been com-
municated regarding the sexual development of newborn
children getting significant degrees of isoflavones in the
soy-based baby equation. This is of specific significance
for child young men, who ordinarily display luteinizing
chemical emission at birth and 6 months old . It is con-
sequently critical to take note of the advantageous
impacts of isoflavones on the advancement of malignant
growth through the restraint of specific proteins seen at
levels that are generally a lot higher (some >20 times
higher) than those noticed ordinarily in human plasma.
At these levels, isoflavones may have antiandrogenic
impacts, impact male and female ripeness and sexual
advancement in utero and after birth, and prompt testicu-

lar atrophy.'%¢

Caffeic Acid
Caffeic acid (CAA) is an important member of “hydro-
xycinnamic acid” with natural antioxidant and cardio-

protective properties. Agunloye et al'®” showed significant
activity of caffeic acid (10 and 15 mg/kg) towards heart
rate and hypertensive condition through enhancing nitric
oxide bioavailability, increased catalase activity, decreas-
ing glutathione, and malondialdehyde content in rats.
Moreover, synthetic derivatives of caffeic acid such as
caffeic acid phenyl amide (CAPA) and caffeic acid etha-
nolamine (CAEA) possess cytoprotective action as com-
pared to the parent compound. Studies have shown that
CAA, CAEA, and CAPA depicted promising biological
action against cardiovascular events due to their “vasore-
laxant activity” on endothelial and vascular smooth muscle
cells.'®® In addition, caffeic acid has been shown to have
“antioxidant, anti-inflammatory and cardioprotective
effects” following regional myocardial ischemia/reperfu-
sion injury ultimately re-perfused contractile function and
reduces infarct size.'” One study has validated the phar-
macological effect of CAA (dose of 15 mg/kg) against
cyclosporine-induced cardiotoxicity in rats by improving
cardiac architecture and downregulating metalloprotei-
nase-2 (MMP-2) expression.''’

Kaempferol

Kaempferol is a yellow common natural “flavonoid” abun-
dant in many plant-derived foods and traditional medicine.
Its glycosides possess numerous pharmacological activ-
ities including antiradical capacity, antibacterial or anti-

chemotherapeutics, neuroprotective,

111

fungal activity,

hypoglycemic, pain relieving, and anti-allergic.
Furthermore, the anti-atherosclerotic effect of kaempferol
was investigated in a cholesterol-induced atherosclerosis
rabbit model centered on endothelium cells, thus worked
through downregulation of TNF-a as well as by improving
antioxidant ability.''> Another study has delineated the
effect of Kaempferol (KF) on heart failure (HF) in diabetic
rats. Findings have demonstrated the reduction in cardiac
apoptosis with kaempferol treatment via regulation of Nrf2
(nuclear factor kappa light chain enhancer of activated
B-cells) and Akt/GSK signaling pathways which con-

firmed the cardioprotective effect of Kaempferol.'"?

Clinical Trials on Polyphenols Against
CVDs

Data in Table 6 represented a summary of clinically stu-
died medicinal plants which are safe and potent, hence can
be used to treat cardiovascular diseases. Data showed
a significant reduction in cardiac abnormalities with con-
tinuous consumption of plant-based polyphenols and their
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derivatives, suggesting them as suitable “cardioprotective
agents” (Table 6). In addition to this, nutraceuticals
derived from foods of vegetal and animal origin exert
a beneficial role on health. Various observational and
intervention studies presented a promising link between
the intake of a polyphenols-rich diet and cardiac
allls

a multicentered, randomized clinical trial (n=7,447) that

diseases.''*  Tresserra et have conducted
involved the administration of polyphenol feed for 5-years.
Findings showed a 37% relative reduction in death rate
among heart disease patients and enhanced longevity.
Likewise, a geriatric population (>65 years) based cohort
clinical trial suggested that long-term use of polyphenols
increases life expectancy for old age cardiac patients.''®
Among all polyphenols, stilbenes and lignans were found

to be more effective, which reduced all-cause mortality."''”

Conclusion

To summarize, polyphenols (PPs) are vital health-promoting
components and can have in vivo cardioprotective activity,
but the fundamental mechanisms that underpin their protec-
tive activity are much less clear. Polyphenols can regulate
enzyme activities, modulate gene expression and intracellu-
lar signaling, thus possesses superb antioxidant, immunomo-
dulatory, and anti-inflammatory properties responsible for
their effectiveness in treatment of cardiovascular diseases.
Therefore, the use of some polyphenols as adjuvant or novel
treatment might provide a potential strategy to alleviate
cardiac pathologies. Besides this, individual usage or rational
combinations of different polyphenolic compounds is found
to be effective and safe in lowering chronic events of cardiac
pathologies and vascular abnormalities. Collectively, this
review suggests that a polyphenols-rich diet and products
may be a cornerstone for a healthy life by preventing devel-
opment and progression of cardiovascular and related meta-
bolic pathologies. However, inconsistent results have been
observed in different trials, thus more accurate and long-term
clinical studies are warranted to note the effect of polyphe-
nols on cardiac problems and associated mortality rate.

Future Perspectives
There are several challenges to our current understanding
of the consumption of plants-based polyphenols in cardi-
ovascular hard-points therefore several translational,
mechanistic studies, as well as short-term clinical studies
with (eg,

inflammatory adhesion markers of measures of endothelial

immediate cardiovascular markers pro-

function, plasma or urinary tyrosol), could be planned

within the bigger trial. Undoubtedly, physiological efficacy
or toxicity depends on the dosage and our review revealed
that the number of polyphenols evaluated for their toxicity
is very limited, thus there is a dire need to undertake
further qualitative as well as quantitative studies on safety
investigations of polyphenols.
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