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Abstract

The World Health Organization (WHO) defined health as “a state of complete
physical, mental, and social well-being and not merely the absence of disease or
infirmity.” Any disturbance in this well-being leads to ill-health and a related
condition called pathophysiology. Disease conditions, xenobiotics, and environ-
mental and social stresses are the most common causes behind these pathophysi-
ological conditions, and this can be generalized from recent studies that in most
of the cases ROS plays the pivotal role as the main effector. However, fortunately
in many cases, these health problems are preventable. Reasonable cost, presence
in the daily consumables, and negligible side effects make the naturally occur-
ring plant-derived compounds interesting and attractive for pharmacological
study in recent years. Primarily for the defense purpose, plants yield assorted
types of low-molecular-weight products. These are generally termed as phyto-
chemicals. Among them, a group of secondary metabolites associated with a
polyphenolic group have been named flavonoids and are of pronounced interest
due to their implausible pharmacological properties. Flavonoids are widely
accepted as potent antioxidant agents which can prevent injury caused by free
radicals by scavenging of ROS, activation of antioxidant enzymes, and inhibiting
oxidases. In addition, increase in antioxidant properties of low-molecular anti-
oxidants, metal chelating activity, and reduction of a-tocopheryl radicals and
mitigation of oxidative stress caused by NO also plays important role. In this
chapter, we have summarized most of the findings, if not all, available till date
related to five very noticeable phytochemicals, namely, morin, quercetin, rutin,
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mangiferin, and myricetin. Hope this chapter will help readers in understanding
the utmost importance of the phytochemicals and will motivate them to further
dig into the mechanistic study to fetch more novel information.
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10.1 Introduction

Rational cost, present mostly in consumables, and negligible side effects make the
naturally occurring compounds fascinating and attractive for pharmacological study
in recent years. Plants yield diverse types of low-molecular-weight products mainly
for the defense purpose. Among them, a group of secondary metabolites associated
with a polyphenolic group have been named flavonoids and are of pronounced inter-
est due to their implausible pharmacological properties. The term flavonoid is
derived from the Latin word “flavus,” meaning yellow. These are phenolic sub-
stances show various biological activities like antiallergenic, anti-inflammatory,
antiviral, gastroprotective, cardioprotective, renoprotective, neuroprotective, vaso-
dilating actions, etc.[1]. Approximately, more than 3000 varieties of flavonoids have
been recognized. The flavonoids consist of six major subgroups, namely, flavone,
flavonol, flavanone, chalcone, anthocyanins, and isoflavonoids. Along with caro-
tenes, flavonoids are responsible for the coloring of fruits, herbs, and vegetables.
The most significant dietary sources are fruits, soybean, and tea, where green and
black tea contains as much as about 25% flavonoids. Other important sources of
flavonoids are citrus fruits (rutin and hesperidin), apple (quercetin), flowers, red
wine, nuts, herbs, vegetables, fruits, seeds, spices, stems, etc.

The concept of oxidative stress or the imbalance between prooxidants and anti-
oxidants in a living system has been comprehensively associated with the biomedi-
cal sciences since last two decades. Oxidative stress plays a significant role in the
pathophysiology of highly prevalent diseases such as hypertension, diabetes, acute
renal failure, atherosclerosis, Alzheimer’s, Parkinson’s diseases, etc. In typical
physiological conditions, ROS are unceasingly produced and are excellently
removed by several antioxidant defense systems (e.g., antioxidant proteins,
enzymes, vitamins, etc.). However, an increased ROS levels in the cell have a con-
siderable impact which leads to defective cellular functions, disease, and aging.

Flavonoids are widely accepted as potent antioxidant agents which can prevent
injury caused by free radicals by scavenging of ROS, activation of antioxidant
enzymes, and inhibiting oxidases. In addition, increase in antioxidant properties of
low-molecular antioxidants, metal chelating activity, and reduction of a-tocopheryl
radicals plays an important role.

This chapter aims to present a brief idea of the beneficial role of naturally occur-
ring phytochemicals (Table 10.1) in relation to human health. It is believed that this
will inspire readers and researchers in the field of applied pharmacology, ethno-
botany, and other related fields of research. Here we would like to discuss the
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beneficial efficacy of several important flavonoids in the light of numerous up-to-
date reports.

10.2 Morin

Morin [morin hydrate: 2-(2,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-chromen-4-
one hydrate, 2',3,4’,5,7-Pentahydroxyflavone] belongs to the group of flavonols
found regularly in the branches of the family members of Moraceae like Osage
orange (Maclura pomifera), white mulberry (Morus alba L.), fig (Chlorophora tinc-
toria), almond (Psidium guajava), mill (Prunus dulcis), old fustic (Maclura tincto-
ria), etc. [2, 3]. Morin exhibits different types of pharmacologically important
properties like free radical scavenging activity, anti-inflammatory property, xan-
thine oxidase inhibitor property, gastroprotective property, hepatoprotective prop-
erty, anticancer property, etc. It also possesses several add-on health benefits. Also,
an accumulative number of studies showed that morin suggestively modulates dif-
ferent cell signaling pathways related to chronic pathophysiological conditions. We
will discuss few of them in the following section.

Excitotoxicity (i.e., excessive glutamate receptors activation) leads to acute
and chronic neurological disorders including stroke. In vitro model of excito-
toxic neuronal death involving NMDA receptor over activation has already
showed the neuroprotective role of morin [4]. In PC12 neuronal differentiated
cells, Zhang et al. showed the neuroprotective role of morin on 1-methyl-4-phe-
nylpyridinium ion-mediated apoptotic cell death as well as in an in vivo model
(1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP)-induced murine model
of Parkinson’s disease). They found that upon addition of morin in the system,
there was a significant attenuation of the MPP + —induced loss of cell viability,
apoptosis, and inhibition of ROS formation in the in vitro model, whereas morin
significantly attenuated the MPTP-induced dopaminergic neuronal death, nigros-
triatal lesions, striatal dopamine depletion, and permanent behavioral deficits
in vivo [5]. In another study, Subash and Subramaniam evaluated the chrono-
therapeutic effect of morin on ammonium chloride (AC)-induced hyperammone-
mia using rat model. Ammonia is considered as a persuasive neurotoxin. It has
been strongly associated in the pathogenesis of hepatic encephalopathy. In
hyperammonemic rats, the chronotherapeutic role of the molecule was suggested
due to the temporal variations of antioxidants, lipid peroxidation, urea cycle
enzymes, metabolic enzymes involved in morin degradation, and the temporal
variation in the bioavailability of morin [6].
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A contemporary study was conducted to assess the antiarthritic effect of an etha-
nolic extract of Ficus exasperata (FEE) in an arthritis rat model in which the arthri-
tis was induced by the Freund’s adjuvant and dexamethasone and methotrexate
were used as positive controls [7]. Along with these positive controls, FEE also
showed significant antiarthritic properties by preventing the arthritic edema in the
lateral paw of the animals and also the spread of the edema from the lateral to the
contralateral paws. The principal active compound in the FEE is believed to be the
morin. Zeng et al. also found morin effective against type II collagen-induced arthri-
tis (CIA) in rats in terms of attenuating arthritic development specified by reduction
of paw swelling and arthritis scores [5]. Sultana and Rasool ascertained the effec-
tiveness of morin-NSAID combinatorial therapy in subduing the pathogenesis of
rheumatoid arthritis (RA) in rats where they found that imbalances in the paw
edema, levels/activities of elastase, inflammatory mediators (TNFa, IL1p3, PGE2,
VEGEF, and MCP1), glycoproteins (hexosamine and hexose), urinary constituents
(hydroxyproline and glycosaminoglycans), reactive oxygen species (LPO and NO),
proinflammatory cytokines (IL1p, TNFa, IL17, MCP1, and IL6), inflammatory
enzymes (iNOS and COX2), RANKL, and transcription factors AP1 and NFkB p65
were elevated in case of RA whereas regulated back effectually to the basal level by
morin and indomethacin [8].

Morin also have efficient gastroprotective activity. In a study, we have shown that
morin considerably ameliorates nonsteroidal anti-inflammatory drug (NSAID)-
induced gastropathyin SD rats. We found that the gastroprotective action of morin
is primarily accredited to its persuasive antioxidant and anti-inflammatory nature[1].
In another study, Galvez et al. reported that morin possesses intestinal anti-inflam-
matory activity. They found that colonic insult with trinitrobenzenesulfonic acid
induces myeloperoxidase activity, colonic leukotriene B4 and IL-1p levels, oxida-
tive stress, and colonic nitric oxide synthase activity, whereas morin effectively
reduces the changes [9]. Morin hydrate also has been shown to constrain nitric
oxide synthase activity and the leukotriene B4 synthesis [10].

Cardiovascular diseases (CVD) are the main cause of chief death worldwide due
to its byzantine nature. Among CVD, myocardial infarction (MI) is a foremost one.
Al-Numair et al. showed that morin protects cardiovascular system in isoproterenol-
induced myocardial infarction by chiefly scavenging free radicals [11]. They sug-
gest that morin supplement on a daily basis significantly decreases the activities of
cardiac marker enzymes such as lactate dehydrogenase, aspartate transaminase,
creatine kinase, and creatine kinase-MB in serum. They also showed that the activ-
ity of sodium-potassium-dependent adenosine triphosphatase was decreased,
whereas calcium-dependent adenosine triphosphatase and magnesium-dependent
adenosine triphosphatase were found to increase in the heart as well as the levels of
glycoprotein containing hexose, hexosamine, fucose, and sialic acid decreased both
in the heart and serum. Prahalathan et al. recently proved the protective effect of
morin against deoxycorticosterone acetate (DOCA)-induced hypertension in male
Wistar rats where they showed that the morin effectively lowered the increased sys-
tolic and diastolic blood pressure in association with considerably increased systolic
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and diastolic blood, ALT, GGT, AST, ALP, urea, uric acid, and creatinine levels in
the plasma of hypertensive rats [12].

Morin also has significant effect on diabetes and related pathophysiology. Noor
et al., from transmission electron microscopy (TEM) and right-angle light scatter-
ing, showed that morin hydrate inhibits amyloid formation by human islet amyloid
polypeptide (IAPP, amylin), and not only that it even disaggregates preformed IAPP
amyloid fibers [13]. IAPP is related to the formation of amyloid in islets in type 2
diabetes and in the transplantation of islet cell which in turn leads to graft failure.
Human IAPP is extremely amyloidogenic and has fewer inhibitors, whereas specific
substitution pattern on the B-ring makes morin hydrate a novel type of IAPP amy-
loid inhibitor [3, 13]. Vanitha et al. observed that morin administration resulted in
significant reduction in blood glucose levels, an increase in the levels of serum
insulin in type 1 diabetic experimental rats [14]. Morin dose-dependently amelio-
rated the altered levels of glucose-6-phosphate dehydrogenase, fructose-1,6-
bisphosphatase, glucose-6-phosphatase, and hexokinase in the liver and significantly
preserved insulin-positive cells as well as protected the overall morphology in the
pancreatic islets of diabetic rats [14]. Abuohashish et al. found that both the anti-
inflammatory and antioxidant properties of morins are useful against diabetic osteo-
penia in rats [15]. A study showed that when morin was administered in diabetic
rats, there was a significant attenuation of bone loss which was evident at bone
turnover parameters level which included BALP, OC, CTX, and DPD [15]. They
also found that morin brings back the changes occurred in diabetic rats in respect to
serum levels of glucose, TBARS, IL-1p, IL-6, TNF-a (which were significantly
elevated), and that of insulin and GSH (which were decreased) [15].

Besides the abovementioned activity, morin also possesses significant immuno-
regulatory activity. In an independent study, Kim et al. showed that morin repressed
IgE-mediated allergic responses by inhibiting production of IL.-4 and TNF-a and
degranulation of antigen (Ag)-stimulated mast cells in a mice model. They also
found that morin inhibited the phosphorylation of spleen tyrosine kinase (Syk)
(which plays a very important role in the Syk activation) and activation of linker for
activation of T cells (LAT) in rat bone marrow-derived mast cells (BMMCs) and
basophilic leukemia (RBL)-2H3 cells, along with the inhibition of p38, Akt, and
MAPKSs. Their results suggest that inhibition of Fyn kinase in mast cells by the
morin is mainly responsible for the action described above [16]. The notion is also
supported by the findings of Fang et al. which indicated that morin might have the
ability to regulate immune response through modulating the cytokine profiles dis-
played in chronic immunotoxic pathophysiology where they have shown that morin
and it’s sulfated or glucuronidated derivatives were operative on LPS-activated
RAW 264.7 cells by tumbling NO, TNF-a, and IL-12 production. They also showed
the reduced phagocytic activity of peripheral blood cells in the morin-treated cells
in respect to control. These activities such as reduced macrophagic phagocytic
activities, lowering of NO production, etc. resembled to LPS-resistant state, and this
is very important to treat various chronic autoimmune diseases [17].

Morin exlung parenchyma and airways isatocytes against chemically produced
rat tongue carcinogenesis and blocked phorbol ester-mediated transformation
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[18, 19]. Besides, it inhibited the lipoxygenase pathway and the peroxisome
proliferator-activated receptor-mediated differentiation of keratinocyte [3, 20]. In
context to the release of inflammatory cytokines from mast cells such as IL-6, IL-8,
TNF, etc., the inhibitory role of morin was reported [21]. Morin hydrate exhibited
anticancer activity in an in vivo study, i.e., in cancer models (viz., inhibition of
COLO205 cells growth in nude mice) [22]. Morin hydrate downregulated NF-xB
which in turn inhibited the inflammatory gene cascade along with the downregula-
tion of several factors related to NF-kB which take part in cell survival such as
X-chromosome-linked IAP, inhibitor of apoptosis protein 1 and 2 and BcL-xL, in
cell proliferation, viz., cyclooxygenase-2 and cyclin D1, and invasion such as matrix
metalloproteinase-9 [3, 23].

From the diverse studies reviewed here, morin emerged as a valuable natural
flavone in the management of different chronic pathophysiological conditions.
Different studies also showed that it could be used as an exceptional and novel
pathological detection tool. Nevertheless, in future more studies are required on the
morin in understanding the precise molecular mechanism of its action and to dis-
cover new possibilities.

10.3 Quercetin

Quercetin is one of the significant bioflavonoids present in many medicinally impor-
tant plants and has numerous beneficial effects including cardiovascular protection,
antiviral, anti-inflammatory activity, antitumor, anticancer, anti-ulcer, anti-allergy,
antidiabetic, gastroprotective effects, antihypertensive, immunomodulatory, anti-
infective, etc.[24, 25, 26]. Quercetin has also proved to be beneficial against envi-
ronmental stress which causes formation of free radicals such as smoking and
pollution [27, 28].

The name quercetin (3,3',4",5,7-pentahydroxyflavone) is derived from the Latin
word “quercetum” that means oak forest. It fits in to the class of compounds called
flavonols [24]. The compound is yellow in color and quite soluble in alcohol and
lipids where as poorly soluble in hot water and virtually insoluble in cold water.
This dietary flavonoid is mainly found in citrus fruits, seeds, green leafy vegetables,
nuts, olive oil, apples, broccoli, barks, green tea, onions, red grapes, red wine, ber-
ries, dark cherries, buckwheat, cranberries, blueberries, etc. [27].

Researchers have shown the impact of quercetin as systemic anti-inflammatory
agents [29]. Elevated C-reactive protein (CRP) levels are associated with numerous
diseases states which involve inflammatory conditions, whereas intake of quercetin
can lower the levels of the inflammatory risk factor, CRP. In preclinical in vitro
studies, Garcia-Mediavilla et al. showed that quercetin significantly reduces the lev-
els of inflammatory mediators such as COX-2, NO synthase, and CRP in human
hepatocyte-derived cell line [30]. Whereas, quercetin, in a dose-dependent manner,
inhibited both acute and chronic inflammation related to arthritis and also showed
significant antiarthritic activity against adjuvant-induced arthritis, in murine models
[31, 32].
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In a study including human as a model, Askari et al. found that 2-month querce-
tin supplementation (at a dose of 500 mg) in healthy male nonprofessional athletes
with consistent workout showed a significant decrease in the levels of CRP, [whereas,
quercetin remain ineffective (at a dose of 500 mg/day) in altering the levels of CRP
in female patients, with rheumatoid arthritis (RA)[27, 33, 34]]. But in another study
it has been shown that xanthine oxidase inhibition activity of quercetin make it able
to prevent the accumulation of uric acid, which may help the subjects who are suf-
fering from gout[35].

Quercetin also possesses a wide spectrum of biological activities which may
have a positive influence on cardiovascular diseases. A study on 30 men suffering
from coronary heart disease (CHD) showed that the consumption of red grape poly-
phenol extract rich in quercetin caused an increase in flow-mediated dilation of
major arteries, which in fact a persuasive indicator of improved endothelial health
[36]. The molecule inhibited the aggregation of platelets and improved the endothe-
lium. It protected against CHD and reduced the mortality risk caused due to low-
density lipoprotein (LDL). The molecule exhibited a vasorelaxant effect on isolated
arteries which in turn helped in lowering blood pressure and prevented the cardiac
hypertrophy onset [27, 37]. Quercetin prevented LDL and cholesterol damage, and
in context to this, it was observed that consuming high flavonoid containing food
supplements could lower cholesterol. It was observed that LDL oxidation was
inhibited on consumption of quercetin along with an alcohol-free red wine extract
containing quercetin [38]. In a 6-week clinical trial, quercetin reduced oxidized
LDL levels in plasma and systolic blood pressure in subjects who were at high risk
of heart disease [39]. Quercetin has a feature to induce apoptosis in mature fat cells
while inhibits fat accumulation in maturing human fat cells [40, 41]. It also blocks
the uptake of glucose from the blood and the fat cell production while enhances the
fat cell necrosis [27, 42, 43].

Neuro-inflammatory processes in the central nervous system are the ultimate fate
of neurodegenerative diseases such as Alzheimer’s and Parkinson’s disease as well
as neuronal injury associated with stroke [44]. Quercetin and ascorbic acid combi-
natorial therapy effectively reduces the incidence of oxidative damage to neurovas-
cular structures in the skin and prevents damage to neurons. Quercetin is also
capable to protect brain cells against the oxidative stress-induced tissue damages
which sequentially leads to Alzheimer’s and other neurological conditions [24, 27].

The anticancer effect of quercetin includes the suppression of antiproliferative
growth factor and antioxidant [45]. It possesses anticarcinogenic property and also
acts as an apoptosis inductor; decreases the tumor growth of colon, liver, brain, and
other tissues; and restricts the spread of malignant cells [46, 47]. Combination ther-
apy of quercetin along with curcumin decreased both the size and number of rectal
and ileal adenomas with minimal and/or no adverse effects [48].

Quercetin inhibits chemical carcinogen, hexavalent chromium (Cr[VI]), induced
cell transformation, ROS generation, and MicroRNA-21 (miR-21) elevation in
human colon cancer Caco-2 cells [27, 49, 50]. It also has beneficial effect on pros-
tate cancer which was proved through in vitro and in vivo cancer studies [51].
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Quercetin also has significant gastroprotective activity. It can inhibit lipid peroxi-
dation and gastric acid secretion of gastric cells, and in doing so, it can serve as a
gastroprotective agent. Helicobacter pylori infection, a potent ulcer forming agent,
can also be inhibited by quercetin [24]. Suzuki et al. showed that quercetin dose-
dependently inhibits ethanol-induced gastric mucosal injury in rats. The results sug-
gest the anti-ulcer activity of quercetin through its free radical scavenging activity
or its enhanced production in gastric mucus [52, 53].

The molecule exhibited anti-allergy effect by inhibiting histamine release from
the mast cells and several allergic molecules and in the prevention of bronchitis and
asthma [27, 54].

Progressive chronic inflammatory disorder of lung parenchyma and airways is
collectively known as chronic obstructive pulmonary disease (COPD). However,
unfortunately, therapies for COPD are said to be partially effective with opportuni-
ties of side effects. But as a hope, recent evidences are showing that the quercetin
supplementation is beneficial in COPD. It has been shown previously that a fourfold
increase in plasma quercetin levels ominously decreased lung inflammation and
prevented the disease progression. Perhaps the anti-inflammatory property of quer-
cetin is attributed to its beneficial role in pulmonary disorders [55]. Also a clinical
trial of 12 weeks duration proved quercetin (at a dose of 1000 mg/day) beneficial
against upper respiratory tract infection rates in middle- and older-age patients [56].

10.4 Rutin

Rutin (3,3',4",5,7-pentahydroxyflavone-3-rhamnoglucoside) is a flavonoid that is
prevalent in the plant kingdom [57]. Rutin has a wide range of pharmacological
properties. It has widely been exploited as human medicine and nutrition. It has
proved to have antimicrobial, antifungal, and antiallergic properties and hence
widely used as alternative medicine. However, current research has shown its multi-
spectrum pharmacological benefits for the treatment of various chronic diseases,
such as cancer, diabetes, hypertension, and hypercholesterolemia [58]. Recently,
Patil et al. showed the potential of rutin in alleviating the radiation-induced cytoge-
netic damage and mortality. They have speculated that the activity might be attrib-
uted to the free radicals scavenging activity of rutin [59, 60]. Park et al. showed that
rutin has an osteoblast stimulant property. The study showed that it could induce
bone development via the differentiation of human MG-63 osteosarcoma cells [61].
Rutin also has antidiabetic activity. It is potent for glycemic control by enhancing
the activity insulin-mediated receptor kinase and thereby triggering the insulin path-
way which in turn would increase both the translocation of glucose transporter 4 as
well as glucose uptake [62]. From a study Niture et al. speculate that rutin inhibits
inflammatory cytokines and also improves the antioxidant and plasma lipid profiles
in high-fat diet. It also did the same in streptozotocin-induced type 2 diabetic model.
Hence they projects rutin as a diabetic modulator together with customary antidia-
betic drugs [59, 63]. Rutin has significant beneficial effects over several neurologi-
cal disorders. It has been proven to protect against the neurodegenerative effects of
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prion buildup by increasing the production of neurotropic factors and also by inhib-
iting apoptotic pathway activation in neuronal cells [64]. Nieoczym et al. showed
that it also has a weak and temporary anticonvulsant effect [65]; whereas, Qu et al.
showed that rutin has multi-target therapeutic potential for cognitive discrepancies
related to conditions involving enduring cerebral hypoperfusion, such as Alzheimer’s
disease and vascular dementia [66]. Rutin was found to provide protection against
trimethyltin-induced impairment of spatial memory and the involvement of dopami-
nergic system, as well as synaptophysin has been suggested in trimethyltin-trig-
gered damage of neuronal cells in the hippocampus [59, 62, 61]. Rutin also can
modulate NO production and thus can modulate NO-related physiological and/or
pathophysiological processes. Ugusman et al. showed that rutin increases nitric
oxide production in human endothelial cells and thus improved endothelial function
[67].In ultraviolet B-irradiated skin of mouse, rutin exerted anti-inflammatory
effects by interfering with the cyclooxygenase-2 expression as well as nitric oxide
synthase production [68]. Rutin provided protection against high cholesterol diet-
mediated hepatotoxicity and inflammation [69].

10.5 Mangiferin

2-C-B-D-glucopyranosyl-1,3,6,7-tetrahydroxyxanthone or mangiferin (C;oH;3Oy;)
having a molecular weight of 422.35 and a melting point of 271 °C (anhydrous) is
a naturally occurring C-glucoside xanthone. This xanthone derivative is obtained
from the fruits, leaves, bark, and roots of Mangifera indica and belongs to
Anacardiaceae family. Mangiferin has been reported to exhibit a diversified use in
therapeutics. It possesses antistimulatory [70], antimodulatory [71], antioxidative
[72, 73], antidiabetic, dyslipidemic, antiallergic, analgesic, anticancer, and anti-
HIV properties [74-78].

Evidences suggest that mangiferin possesses iron-complexing ability which in
turn is believed to be the mechanism for protection against Fe?* citrate-mediated
lipid peroxidation in rat liver [79]. Mangiferin, at a concentration of 10 uM, reflected
amelioration against Fe?* citrate-triggered swelling of mitochondria followed by
loss of mitochondrial membrane potential. Iron citrate-triggered antimycin
A-insensitive consumption of oxygen in mitochondria was found to be inhibited by
the xanthone derivative. On the other hand, mangiferin induced oxygen consump-
tion by stimulating Fe?* autoxidation and prevented the reduction of Fe*ascorbate.
The mangiferin-Fe?*/Fe** absorption spectra suggested the possibility of transient
charge transfer complex formation between mangiferin and Fe?*, Fe?* oxidation
acceleration, and formation of a stable complex, i.e., Fe**-mangiferin complex. This
complex fails to take part in Fenton-type reactions and propagation of lipid peroxi-
dation, thus suggesting that the antioxidant activity of mangiferin is contributed due
to its iron-chelating activity and is not contributed due to scavenging of free radi-
cals. In this respect, the molecule has pharmacological relevance in terms of chela-
tion therapy in diseases related to iron overload or abnormal distribution of
intracellular iron [77].
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Studies have revealed that in OF1 mice, mangiferin showed protection by restor-
ing the altered levels of antioxidant enzymes, viz., superoxide dismutase, etc., pre-
vented protein oxidation significantly in terms of the net sulthydryl group protein
content, reduced lipid peroxidation confirmed through 4-hydroxy-alkenals and
malondialdehyde assays, checked the release of cytochrome C, and inhibited apop-
totic cell death [72]. The strong antioxidant activity of mangiferin has been con-
firmed through 1,1-diphenyl-2-picrylhydrazyl radical scavenging assay [80]. Even
from the structural point of view, this property of the molecule is well understood as
it possesses four phenolic H-atoms of which two can readily be involved in interact-
ing with free radicals to form phenoxy radicals which in turn are resonance stabi-
lized [77, 80].

Inflammation involves several mediator, viz., nitric oxide (NO), which is synthe-
sized by NO synthase and prostanoids synthesis through cyclooxygenase (COX-2).
Dilatation of arterioles occurs due to an increase in blood permeability and blood
flow which is a vascular event of inflammation [81, 82]. Beltran et al. showed that
in spontaneous hypersensitive and normotensive rats, mangiferin inhibited the
IL-1p mediated induction of COX-2 and iNOS; however, no effect was exerted with
the molecule in absence of IL-1f on iNOS and COX-2 of noradrenaline-mediated
vasoconstriction from mesenteric arteries of vascular smooth muscle cells [83]. In
activated macrophages, mangiferin significantly reduced the level of transcription
of iNOS as well as the production of NO [84]. In regard to the anti-inflammatory
mechanism of mangiferin, inhibition of NF-kB activation is believed to be involved
which in turn regulates the activation of the promoter for iNOS and COX-2 genes
[85].

NF-kB regulates the cascade of gene encoding inflammatory enzymes, proin-
flammatory cytokines, adhesion molecules, and chemokine which are overexpressed
as a response to inflammation [86]. Evidence suggests that the activation of NF-xB
is concomitantly associated with ROS production [87]. Mangiferin was observed to
suppress the activation of NF-kB which in turn inhibits the inflammatory gene cas-
cade, increased intracellular antioxidant levels, and triggered anticancer drug-
mediated cellular death, indicating a plausible role as a combination therapy in
treating cancer [88]. This ameliorative property of mangiferin is believed to be
mediated through free radical quenching and increasing intracellular GSH which in
turn interferes with TNF-mediated NF-kB activation [89]. Microarray data showed
that magniferin countered NF-kB activation induced by IL-1, TNF, and LPS through
TNF receptor-mediated factor 6; inhibited NF-xB triggered activation of signaling
molecules, viz., RelA and RelB (genes of Rel/NF-kB/xB); and hindered the expres-
sion of toll-like receptors such as JNK1 and JNK2 in a thioglycollate-triggered
murine macrophages elicited with gamma interferon and lipopolysaccharide model
[71]. Mangiferin was also found to inhibit TNF-mediated protein synthesis.It
also trigger DNA damage,apoptotic cell death, and inhibit an array of proinflamma-
tory cytokines, viz., IL-1, IL-6, IL-la, macrophage colony stimulating factors,
adhesion molecules, etc. [71]. Studies hence revealed that mangiferin modulated the
expression of an array of genes involved in regulating inflammation, apoptosis,
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tumorigenesis, viral replication, and many others and thus depicting its immuno-
modulatory property.

Exposure to the industrial and environmental pollutant, Hg has been reported to
affect the central nervous system and varied target organs, viz., the liver, kidney,
gastrointestinal tract, etc. Evidences suggest that Hg(II) generates ROS through
thiol complexation, peroxidizes lipid molecules of mitochondrial membrane which
leads to a drop of mitochondrial membrane potential, interferes with the sulthydryl
(-SH) group, and hence results in depletion of intracellular thiols, e.g., GSH [90].
Hg(I) interferes with the conformation and activity of proteins through side-chain
modifications and compromises the activities of antioxidant enzymes, viz., CAT,
SOD, GST, GR, etc. [91]. These Hg(II)-mediated alterations have been reported to
result in cellular death. In this regard, mangiferin has drawn attention due to its
antioxidant property. The cytoprotective effect of mangiferin has been invested on
HgCl,-induced human liver carcinoma HepG2 cells [92]. It has shown that a 2 h
pretreatment of mangiferin to HgCl, exposure at varied concentrations inhibited
apoptotic cell death significantly together with a decrease in the enhanced ROS
levels and reversing the activities of the antioxidant enzymes. The study suggested
that the protective role of mangiferin might be due to the HgCl,-induced ROS
quenching, restoration of altered mitochondrial membrane potential, and intracel-
lular antioxidant activities [77].

The universally acclaimed toxic metal, Pb, has been extensively reported to
affect the endocrine, reproductive, as well as central nervous system [93]. Lead
toxicity induces oxidative stress which in turn imbalances the prooxidant-antioxidant
levels, affects cell membrane, interferes with transcription, disrupts the synthesis of
protein, etc. [77, 93, 94]. Pb(Il) interferes with —SH groups of biomolecules, cal-
cium homeostasis, and lipid peroxidation through ROS production [95, 96]. Pal
et al. have reported the ameliorative effect of mangiferin in Pb-induced hepatotoxic-
ity [76].

Following Pb(NOs),-induced hepatic dysfunction, posttreatment with mangif-
erin reduced increased ROS production; repaired the altered antioxidant machiner-
ies, viz., levels of SOD, CAT, GSH, etc.; and restored the altered mitochondrial
membrane potential. The molecule significantly restored the increased levels of
serum hepatic markers, viz., alanine aminotransferase and alkaline phosphatase.
Mangiferin effectively downregulated the altered expressions of MAPKs, phospho-
ERK1/2, phospho-JNK, and phospho-p38, inhibited the translocation of NF-kB,
and reduced apoptotic hepatic cell death. In vitro studies with primary hepatocytes
also reflected the beneficial role of the xanthone derivative against Pb(I)-triggered
cytotoxicity [76].

Diabetes mellitus, one of the most prevalent endocrine metabolic disorder, is
fundamentally associated with hyperglycemia due to defects in the secretion of
insulin or varying degree of endogenous insulin resistance and results in B-cell
destruction or dysfunction. Hyperglycemia is associated with excessive ROS gen-
eration and attenuation of antioxidant machineries [97]. In experimental animals,
streptozotocin (STZ) is an established inducer of diabetes and is reported to induce
oxidative stress through free radical generation which in turn leads to diabetic
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complications [98]. In regard to this, diabetic nephropathy draws special attention
which is a common consequence of both type 1 and 2 diabetes and is characterized
by increased secretion of urinary albumin, mesangial thickness, thickness of base-
ment membrane, glomerular hypertrophy and hyperfiltration, and extracellular
matrix protein accumulation [77, 99]. In diabetic nephropathy, the plausible cause
of ROS generation is due to the activation of advanced glycation end products,
polyol pathways, increased activity of xanthine oxidase and nitric oxide synthase,
glucose autoxidation, and deficiency in the mitochondrial respiratory chain [100].
In this regard, mangiferin attracts attention in the context of diabetic complications
due to its antioxidant and hypoglycemic effects [101]. However, post-treatment
with mangiferin on STZ-triggered diabetic rats reduced the altered antioxidant lev-
els in both renal and cardiac tissue, reduced lipid peroxidation and glycosylation of
hemoglobin, lowered the creatine phosphokinase level, and restored the STZ-
induced altered levels of triglycerides, high- and low-density lipoprotein, choles-
terol. Studies suggested that this antidiabetic property of mangiferin could be due to
alternate mechanisms apart from insulin release and/or secretion from pancreatic
fB-cell [102]. Enhancement of peripheral glucose utilization, stimulation of glyco-
genic and glycolytic processes, and reduction of glycemia through glucose intake/
uptake could be the contributing factors for the extrapancreatic actions [103].
Another study showed that treatment with mangiferin inhibits a-glucosidases [104].
Significant reduction in total cholesterol, low-density lipoprotein cholesterol, and
total triglycerides with concomitant increase in high-density lipoprotein cholesterol
reflected the antiatherogenic and antihyperlipidemic properties of mangiferin in
diabetic animals. Mangiferin has been reported to improve oral glucose tolerance
without interfering with the basal plasma glucose levels [102]. Sellamuthu et al.
have reported that in diabetic rats, oral administration of mangiferin for a month
reduced blood glucose levels and glycosylation of hemoglobin, whereas, the levels
of hemoglobin and insulin were increased [105]. The activities of pyruvate kinase,
hexokinase, glucose-6-phosphate dehydrogenase, and glycogen synthase signifi-
cantly increased in diabetic rats following mangiferin administration. On the other
hand, the molecule significantly reduced the altered activities of glucose-6-phos-
phate, lactate dehydrogenase, glycogen phosphorylase, and fructose-1,6-diphos-
phate in the hepatic tissue of diabetic animals, thus suggesting the antihyperglycemic
effect of the molecule. Miura et al. reported that in KK-Ay mice, mangiferin dimin-
ished the increased glucose level almost by 56% and decreased the levels of triglyc-
erides almost by 70% and blood cholesterol almost by 40% [89]. Thus findings
from several studies suggested the antihyperlipidemic, antidiabetic, antihyperglyce-
mic, and antiatherogenic properties of mangiferin in regard to diabetes and/or its
associated complications.
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10.6 Myricetin

Myricetin is a member of the tree families likes Myricaceae, Polygonaceae,
Anacardiaceae, Primulaceae, and Pinaceae and is commonly found in vegetables,
berries, wines, and teas [106, 107]. This plant-derived phenolic compound occurs
both in glycosidically bound and free forms. It is used in beverages and food and
exhibits diversified properties such as anti-inflammatory, antioxidant, antidiabetic,
anticancer, iron-chelating activities, etc. In several diseases related to central ner-
vous system, viz., Alzheimer’s and Parkinson’s, this molecule has been found to
provide protection. As preservative, myricetin has been found to increase the shelf
life of oil- and fat-containing food. Its interference with RNA polymerases, DNA
polymerases, telomerase, kinases, transcriptase, and helicases has been reported
[107].

Extensive studies suggested the antioxidant property of myricetin. In regard to
the scavenging activity of the molecule, it inhibited DPPH radical significantly by
71.5% when used at a concentration of 1 mg/ml [108], whereas at a concentration
of 40 g/ml, 3.2 g/ml, 32 g/ml, and 320 g/ml, the inhibition was found to be 78%,
85.6%, 92.8%, and 96.9%, respectively [109]. The inhibition of DPPH radicals by
myricetin has been reported to be polyphenol oxidase mediated [110]. At 0.32 g/
ml, 3.2 g/ml, and 32 g/ml, myricetin scavenged superoxide radicals by 24.6%,
79.5%, and 96.4%, respectively [111]. Significant inhibition has also been
reported in respect to TEAC activity and FRAP assay [112]. The molecule, at a
varied concentration significantly reduced both ascorbic acid- and ferrous sulfate-
mediated peroxidation of lipid, inhibited oleic acid triggered over accumulation
of triglyceride in HepG2 cells, and decreased the production of NP in the liver,
brain cortex, lungs, kidney, and blood in experimental rats, exhibited
NO-scavenging activity, reduced collagenase in dermal fibroblasts in human, and
inhibited peroxyl radical generation [113-115, 119]. Myricetin was found to
inhibit thiyl radical which acts as a catalyst during cis-trans fatty acid isomeriza-
tion. In addition, the molecule was able to scavenge hydroxyl radicals which were
generated through UV photolysis of hydrogen peroxide [116]. It was observed to
regulate the activities and expressions of antioxidant enzymes and ROS produc-
tion and hence ameliorate H,O,-mediated cellular death by regulating MAPK and
PI3K/AKkt signaling pathways [116, 117], prevented H,O,-triggered breakage of
DNA strand in human lymphocytes and colonocytes [118], inhibited lipid peroxi-
dation [107], and stimulated DNA repair following Fe(III)-triggered genotoxicity.
Morel et al. suggested that formation of phenoxy radical could be the mode of
protective action of myricetin against Fe-induced lipid peroxidation in rat hepato-
cytes [106], whereas another study revealed the SIN-1-mediated DNA strand
breakage inhibition [108] which in turn inhibited NO and O*" generation. In case
of sickle cell anemia, myricetin provided protection against the red blood cells
[109]. In phenazine methosulfate and xanthine oxidase system, the molecule
could significantly combat against increased superoxide anions generation [110,
111]. Other probable mechanisms of myricetin'santioxidant response are medi-
ated through altered Nrf2 activity, increased glutathione level, decreased
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malondialdehyde production, and decreased leakage of lactate dehydrogenase
[112]. At a lower concentration, myricetin was found to be an inhibitor of
Fe-mediated lipid peroxidation, whereas a higher concentration displayed peroxi-
dant effect against the formation of hydroxyl radicals. It is worth mentioning that
in presence of bleomycin (antiviral and antitumor drug), the molecule behaved as
a prooxidant (at a higher concentration) whereas behaved as an antioxidant at
lower concentrations [113]. In type 2 diabetes, the molecule significantly miti-
gated altered protein carbonylation and lipid peroxidation [114] and reduced
Ca**-induced oxidative metabolism and free radical production in the rodents’
brain neurons, subjected to ischemia [119]. Xie et al. reported that that the hydroxy
functional group in C-41 position in myricetin is responsible for its activity
against lipid peroxide radical [115]. The structure as well as activity analysis of
the molecule has revealed that the free radical scavenging activity depends on the
free radical variant such as the catechol moiety of B-ring was found to be respon-
sible for scavenging of DPPH, the hydroxyl moiety present at C-41 position was
observed to be associated with xanthine oxidase generated reduction, whereas the
presence of double bond at C-2-C-3 position, 3-hydroxy groups, and catechol in
B-ring was found to be an attributing factor for the reducing property of myricetin
[111, 116, 117].

Myricetin has been reported to be cytotoxic toward skin, hepatic, colon, and
pancreatic cancer cells and plays a key role in the initiation as well as progression
of cancer. The hydroxyl group of B-ring, C-2-C-3 double bond, and aromatic B-ring
at C-2 has been reported to be responsible for the cytotoxic effect of the molecule.
The antiproliferative activity was found against human acute leukemia cells on one
hand, while the cytotoxic effect was observed in chronic leukemia cells as well as in
normal peripheral blood mononuclear cells [118]. Myricetin displayed a dose-
dependent effect both in vitro and in vivo in producing topo-triggered chemothera-
peutics and carcinogenic effects [120]. In this context, it has been suggested that the
inhibition of topo I and II was due to carbonyl moiety at C-4; hydroxyl substitution
at C-3, C-7, C-31, C-41, and C-2-C-3 saturation; and hydroxyl group in B-ring
[131]. Through regulation of JAK1, MEK, MKK4, and Akt kinase activity, myric-
etin was found to provide protection against skin cancer [122] and attenuated the
induction of activator protein-1 or c-Fos activation by tumor promoter [122]. In
EGF-triggered mouse JB6 P+ cells, the molecule inhibited JAK1/STAT3 signaling
pathway which in turn blocked the transformation of cells and also inhibited both
the transcriptional activity and DNA binding as well as phosphorylation of STAT3
at Ser727 and Tyr705 [123]. Ichimatsu et al. reported that myricetin blocked the
EGF-mediated mouse epidermal cell transformation which in turn suppressed acti-
vator protein-1 [124]. Xu et al. showed a strong dose-dependent inhibitory activity
of myricetin against human prostate cancer PC-3 cells and synergistically decreased
cell proliferation resulted in apoptosis [125]. In bladder cancer T24 cells, the mol-
ecule significantly decreased the viability and proliferation along with the migration
of the cells by reducing the expression of MMP-9 [126]. Moreover, the molecule
triggered cell cycle arrest at G2/M phase, induced apoptosis by decreasing cyclin-
dependent kinase cdc2 and cyclin B1 expression, and inhibited Akt phosphorylation
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whereas increased p38 MAPK phosphorylation. In HepG2 cells, myricetin
decreased the cancer cell proliferation, arrested G2/M phase, increased p21/p53
signaling cascade, and decreased cyclin B1 and cdc2 expression [127]. In esopha-
geal adenocarcinoma cells, this molecule upregulated Tyr15/Thr14 phosphorylated
p27 and cdc2, downregulated CDK7 kinase and CDK?7 kinase-induced cdc2 phos-
phorylation, and induced apoptosis ([111],). It also arrested G2/M cell cycle via
GADD upregulation and cyclin B1 downregulation[128, 129]. Myricetin is effec-
tively protected against medulloblastoma by inhibiting HGF/Met pathway and pre-
vented actin-rich membrane ruffles formation [130]. The molecule was found to be
effective in causing metastasis of human lung carcinoma cells by interfering with
the invasion, migration, and adhesion of cancer cells and inhibited MMP-2, phos-
phorylation of ERK1/2, NF-kB activation, c-Jun, and c-Fos. Myricetin induced cel-
lular death via apoptosis and decreased the activity of PI3K in pancreatic cancer
cells [130, 131]. An in vivo study showed that the molecule was potent enough to
reduce the orthopic pancreatic tumor metastatic spread and tumor regression
whereas was nontoxic toward untreated healthy cells. In regard to prostate cancer,
the molecule served as a potent chemotherapeutic agent, whereas in colon cancer, it
induced DNA condensation and cytotoxicity [132]. The compound stimulated
apoptotic-inducing factor release from mitochondria and pro-carcinogen 2-amino-
1-methyl-6-phenylimidazo basolateral uptake through MRP2-induced excretion of
the former to the lumen from intestinal cells [133].

In vivo studies have revealed that deoxycorticosterone acetate-induced oxidative
stress and hypertension were reduced following treatment with myricetin in the
cardiac tissue of rats [134]. The molecule effectively reversed the otherwise altered
vascular reactivity, systolic blood pressure, heart rate, levels and/or content of intra-
cellular antioxidant enzymes, and thiobarbituric acid-reactive substances. Godse
et al. showed that myricetin significantly decreased catecholamine-induced vascular
reactivity and systolic blood pressure, whereas, in case of fructose rich diet, the
molecule effectively lowered the blood pressure and reversed the sugar-induced
altered metabolic pathway [135].

Research conducted both in vitro and in vivo confirmed the immunomodulatory
role of myricetin by modulating the responses toward the immune system through
antibody formation or inhibition of WBC activity. The molecule modulated LPS-
triggered bone marrow-derived dendritic cells activation in mice on the one hand
while on the other decreased TNF, IL-12, and IL-6 secretion along with the inhibi-
tion of cell proliferation, MHC class I, CD86, and CD40 and blockage of migratory
and endocytic capacity of the cells [136]. Kang et al. elucidated the probable mode
of this action of the molecule through inhibiting IL-12 production in macrophages
by NF-xB downregulation [136]. The molecule stimulated cytosolic free calcium
production in cultured endothelial cells of bovine and endothelium-mediated con-
tractile responses in aortic rings of rats [137]. The molecule exhibited immunosup-
pressive effect by suppressing the secretion and expression of IL-2 as well as
blocked CD69 expression of CD3+ T cell and mouse lymphocytes proliferation and
thus reflecting its immunomodulatory activity [138].
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In insulin-independent diabetes, myricetin showed protection by enhancing the
glucose uptake which is independent of insulin receptors [139]. The molecule was
also found to stimulate the uptake of D-3-O-methylglucose and D-glucose in the
adipocyte tissue of rats. Intraperitoneal myricetin administration to streptozotocin-
induced diabetic rat decreased hyperglycemia significantly whereas increased
hepatic glucose-6-phosphate and glycogen content. The antidiabetic activity of the
molecule was related to glycogen metabolism [140]. Islet amyloid polypeptide
(IAPP) aggregation which leads to pancreatic 3 cell death in case of type II diabetes
was inhibited by myricetin by preventing thioflavin T binding and formation of fiber
[141]. Plasma glucose level was decreased, whereas insulin resistance was increased
through B-endotrophin production in insulin-resistant and fructose-induced experi-
mental animals following myricetin uptake. The molecule significantly restored the
altered expression and hence functions of insulin receptor phosphorylation, insulin
receptor substrate-1, Akt, and its substrate together with the translocation of glucose
transporter subtype 4 [142]. Another study showed that myricetin reduced the sen-
sitivity of insulin by regulating post-receptor signaling of insulin, GLUT-4 activity,
and IRS-1-associated PI3K and decreased both the glucose-insulin index and
plasma glucose concentration in the muscles of experimental animals [143]. It was
observed that in the skeletal muscle cells, under hyperinsulinemic state, the mole-
cule improved low-dose insulin-triggered uptake of glucose [111]. Myricetin dis-
played cytoprotection against cytokine-mediated cellular death in insulin-secreting
cells, increased the viability of cells, whereas decreased cellular apoptosis, reduced
cytokine-induced increased NF-kB expression, triggered accumulation of NO,
stimulated ROS generation, and increased the release of cytochrome c¢ in to cytosol
from mitochondria. The molecule showed protection against diabetic nephropathy
by reducing glomerulosclerosis, urine volume, protein excretion, and blood urea
nitrogen. The altered levels of glutathione peroxidase and xanthine oxidase in the
renal tissues were restored following the administration of myricetin in diabetic rats
[144]. The molecule stimulated the biosynthesis of cholesterol in the hepatocytes of
rats at a lower concentration whereas inhibited the biosynthesis of cholesterol at a
higher concentration in HepG2 cells [145]. Chang et al. showed that myricetin
decreased intracellular triglyceride accumulation in high-fat diet-fed rats, reduced
body weight, and decreased visceral fat pad weights and the levels of plasma lipid
[146].

10.7 Conclusion

Extensive studies reveal the pharmacological activities of the phytochemicals.
There is no doubt that phytochemicals hold a potential in protecting against several
diseases and/or pathophysiological conditions. These molecules may work either
through synergistic interaction or when administered unaccompanied. However,
regardless of the studies (both in vivo and in vitro) which have elucidated on the role
of phytochemicals related to human health, further extensive research is required to
understand the specific molecular mechanism of the phytochemicals. Detailed
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preclinical studies and its clinical experiments are needed to provide a basis for
potential expediency of these gifts of nature in the welfare of human health.

References

10.

11.

12.

14.

15.

16.

17.

. Sinha K, Sadhukhan P, Saha S, Pal PB, Sil PC (2015) Morin protects gastric mucosa from

nonsteroidal anti-inflammatory drug, indomethacin induced inflammatory damage and apop-
tosis by modulating NF-kappaB pathway. Biochim Biophys Acta 1850:769-783

. Basile A, Sorbo S, Giordano S, Ricciardi L, Ferrara S, Montesano D, Castaldo Cobianchi R,

Vuotto ML, Ferrara L (2000) Antibacterial and allelopathic activity of extract from Castanea
sativa leaves. Fitoterapia 71(Suppl 1):S110-S116

. Sinha K, Ghosh J, Sil PC (2016) Morin and its role in chronic diseases. Adv Exp Med Biol

928:453-471

. Gottlieb M, Leal-Campanario R, Campos-Esparza MR, Sanchez-Gomez MV, Alberdi E,

Arranz A, Delgado-Garcia JM, Gruart A, Matute C (2006) Neuroprotection by two polyphe-
nols following excitotoxicity and experimental ischemia. Neurobiol Dis 23:374-386

. Zeng N, Tong B, Zhang X, Dou Y, Wu X, Xia Y, Dai Y, Wei Z (2015) Antiarthritis effect of

morin is associated with inhibition of synovial angiogensis. Drug Dev Res 76(8):463—473

. Subash S, Subramanian P (2012) Chronotherapeutic effect of morin in experimental chronic

hyperammonemic rats. Int J Nutr Pharmacol Neurol Dis 2:266

. Amo-Barimah A, Woode E, Boakye-Gyasi E, Ainooson G, Abotsi W (2010) Antiarthritic and

antioxidant effects of the leaf extract of Ficus exasperata P. Beauv (Moraceae). Pharm Res
2:89. https://doi.org/10.4103/0974-8490.62958

. Sultana F, Rasool M (2015) A novel therapeutic approach targeting rheumatoid arthritis by

combined administration of morin, a dietary flavanol and non-steroidal anti-inflammatory
drug indomethacin with reference to pro-inflammatory cytokines, inflammatory enzymes,
RANKL and transcription factors. Chem Biol Interact 230:58-70

. Galvez J, Coelho G, Crespo ME, Cruz T, Rodriguez-Cabezas ME, Concha A, Gonzalez M,

Zarzuelo A (2001) Intestinal anti-inflammatory activity of morin on chronic experimental
colitis in the rat. Aliment Pharmacol Ther 15:2027-2039

Hogaboam CM, Jacobson K, Collins SM, Blennerhassett MG (1995) The selective beneficial
effects of nitric oxide inhibition in experimental colitis. Am J Phys 268:G673-G684
Al-Numair KS, Chandramohan G, Alsaif MA (2012) Pretreatment with morin, a flavonoid,
ameliorates adenosine triphosphatases and glycoproteins in isoproterenol-induced myocar-
dial infarction in rats. J Nat Med 66:95-101

Prahalathan P, Kumar S, Raja B (2012) Effect of morin, a flavonoid against DOCA-salt
hypertensive rats: a dose dependent study. Asian Pac J Trop Biomed 2:443-448

. Noor H, Cao P, Raleigh DP (2012) Morin hydrate inhibits amyloid formation by islet amyloid

polypeptide and disaggregates amyloid fibers. Protein Sci 21:373-382

Vanitha P, Uma C, Suganya N, Bhakkiyalakshmi E, Suriyanarayanan S, Gunasekaran P,
Sivasubramanian S, Ramkumar K (2014) Modulatory effects of morin on hyperglycemia
by attenuating the hepatic key enzymes of carbohydrate metabolism and f-cell function in
streptozotocin-induced diabetic rats. Environ Toxicol Pharmacol 37:326-335

Abuohashish HM, Al-Rejaie SS, Al-Hosaini KA, Parmar MY, Ahmed MM (2013) Alleviating
effects of morin against experimentally-induced diabetic osteopenia. Diabetol Metab Syndr 5:5
Kim JM, Lee EK, Park G, Kim MK, Yokozawa T, Yu BP, Chung HY (2010) Morin modulates
the oxidative stress-induced NF-kappaB pathway through its anti-oxidant activity. Free Radic
Res 44:454-461

Fang SH, Hou YC, Chang WC, Hsiu SL, Chao PD, Chiang BL (2003) Morin sulfates/gluc-
uronides exert anti-inflammatory activity on activated macrophages and decreased the inci-
dence of septic shock. Life Sci 74:743-756


https://doi.org/10.4103/0974-8490.62958

220

K. Sinha et al.

18

19.

20.

21.

22.

23.

24.
25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

. Hsiang CY, Wu SL, Ho TY (2005) Morin inhibits 12-O-tetradecanoylphorbol-13-acetate-
induced hepatocellular transformation via activator protein 1 signaling pathway and cell
cycle progression. Biochem Pharmacol 69:1603-1611

Kawabata K, Tanaka T, Honjo S, Kakumoto M, Hara A, Makita H, Tatematsu N, Ushida J,
Tsuda H, Mori H (1999) Chemopreventive effect of dietary flavonoid morin on chemically
induced rat tongue carcinogenesis. Int J Cancer 83:381-386

Thuillier P, Brash AR, Kehrer JP, Stimmel JB, Leesnitzer LM, Yang P, Newman RA, Fischer
SM (2002) Inhibition of peroxisome proliferator-activated receptor (PPAR)-mediated kerati-
nocyte differentiation by lipoxygenase inhibitors. Biochem J 366:901-910

Kempuraj D, Madhappan B, Christodoulou S, Boucher W, Cao J, Papadopoulou N, Cetrulo
CL, Theoharides TC (2005) Flavonols inhibit proinflammatory mediator release, intracel-
lular calcium ion levels and protein kinase C theta phosphorylation in human mast cells. Br
J Pharmacol 145:934-944

Chen YC, Shen SC, Chow JM, Ko CH, Tseng SW (2004) Flavone inhibition of tumor growth
via apoptosis in vitro and in vivo. Int J Oncol 25:661-670

Gopal JV (2013) Morin hydrate: botanical origin, pharmacological activity and its applica-
tions: a mini-review. Pharm J 5:123-126

Lakhanpal P, Rai DK (2007) Quercetin: a versatile flavonoid. Internet ] Med Updat 2:22-37
Salvamani S, Gunasekaran B, Shaharuddin NA, Ahmad SA, Shukor MY (2014)
Antiartherosclerotic effects of plant flavonoids. Biomed Res Int 2014:480258

Sultana B, Anwar F (2008) Flavonols (kaempeferol, quercetin, myricetin) contents of selected
fruits, vegetables and medicinal plants. Food Chem 108:879-884

Anand David AV, Arulmoli R, Parasuraman S (2016) Overviews of biological importance of
quercetin: a bioactive flavonoid. Pharmacogn Rev 10:84-89

Begum AN, Terao J (2002) Protective effect of quercetin against cigarette tar extract-induced
impairment of erythrocyte deformability. J Nutr Biochem 13:265-272

Chun OK, Chung SJ, Claycombe KJ, Song WO (2008) Serum C-reactive protein concentra-
tions are inversely associated with dietary flavonoid intake in U.S. adults. J Nutr 138:753-760
Garcia-Mediavilla V, Crespo I, Collado PS, Esteller A, Sanchez-Campos S, Tunon MIJ,
Gonzalez-Gallego J (2007) The anti-inflammatory flavones quercetin and kaempferol cause
inhibition of inducible nitric oxide synthase, cyclooxygenase-2 and reactive C-protein, and
down-regulation of the nuclear factor kappaB pathway in Chang liver cells. Eur J Pharmacol
557:221-229

Guardia T, Rotelli AE, Juarez AO, Pelzer LE (2001) Anti-inflammatory properties of plant
flavonoids. Effects of rutin, quercetin and hesperidin on adjuvant arthritis in rat. Farmaco
56:683-687

Mamani-Matsuda M, Kauss T, Al-Kharrat A, Rambert J, Fawaz F, Thiolat D, Moynet D,
Coves S, Malvy D, Mossalayi MD (2006) Therapeutic and preventive properties of querce-
tin in experimental arthritis correlate with decreased macrophage inflammatory mediators.
Biochem Pharmacol 72:1304-1310

Askari G, Ghiasvand R, Feizi A, Ghanadian SM, Karimian J (2012) The effect of quercetin
supplementation on selected markers of inflammation and oxidative stress. J Res Med Sci
17:637-641

Javadi F, Eghtesadi S, Ahmadzadeh A, Aryaeian N, Zabihiyeganeh M, Foroushani AR,
Jazayeri S (2014) The effect of quercetin on plasma oxidative status, C-reactive protein and
blood pressure in women with rheumatoid arthritis. Int J Prev Med 5:293-301

Ahmad NS, Farman M, Najmi MH, Mian KB, Hasan A (2008) Pharmacological basis for use
of Pistacia integerrima leaves in hyperuricemia and gout. J Ethnopharmacol 117:478-482
Lekakis J, Rallidis LS, Andreadou I, Vamvakou G, Kazantzoglou G, Magiatis P, Skaltsounis
AL, Kremastinos DT (2005) Polyphenolic compounds from red grapes acutely improve
endothelial function in patients with coronary heart disease. Eur J Cardiovasc Prev Rehabil
12:596-600

Edwards RL, Lyon T, Litwin SE, Rabovsky A, Symons JD, Jalili T (2007) Quercetin reduces
blood pressure in hypertensive subjects. J Nutr 137:2405-2411



Phytochemicals and Human Health 221

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

Chopra M, Fitzsimons PE, Strain JJ, Thurnham DI, Howard AN (2000) Nonalcoholic red
wine extract and quercetin inhibit LDL oxidation without affecting plasma antioxidant vita-
min and carotenoid concentrations. Clin Chem 46:1162-1170

Egert S, Bosy-Westphal A, Seiberl J, Kurbitz C, Settler U, Plachta-Danielzik S, Wagner
AE, Frank J, Schrezenmeir J, Rimbach G, Wolffram S, Muller MJ (2009) Quercetin reduces
systolic blood pressure and plasma oxidised low-density lipoprotein concentrations in
overweight subjects with a high-cardiovascular disease risk phenotype: a double-blinded,
placebo-controlled cross-over study. Br J Nutr 102:1065-1074

AhnJ, Lee H, Kim S, Park J, Ha T (2008) The anti-obesity effect of quercetin is mediated by
the AMPK and MAPK signaling pathways. Biochem Biophys Res Commun 373:545-549
Park HJ, Yang JY, Ambati S, Della-Fera MA, Hausman DB, Rayalam S, Baile CA (2008)
Combined effects of genistein, quercetin, and resveratrol in human and 3T3-L1 adipocytes.
J Med Food 11:773-783

Strobel P, Allard C, Perez-Acle T, Calderon R, Aldunate R, Leighton F (2005) Myricetin,
quercetin and catechin-gallate inhibit glucose uptake in isolated rat adipocytes. Biochem
1 386:471-478

Yang JY, Della-Fera MA, Rayalam S, Ambati S, Hartzell DL, Park HJ, Baile CA (2008)
Enhanced inhibition of adipogenesis and induction of apoptosis in 3T3-L1 adipocytes with
combinations of resveratrol and quercetin. Life Sci 8§2:1032-1039

Choi GN, Kim JH, Kwak JH, Jeong C-H, Jeong HR, Lee U, Heo HJ (2012) Effect of quer-
cetin on learning and memory performance in ICR mice under neurotoxic trimethyltin expo-
sure. Food Chem 132:1019-1024

Lamson DW, Brignall MS (2000) Antioxidants and cancer, part 3: quercetin. Altern Med Rev
J Clin Ther 5:196-208

Akan Z, Garip Al (2013) Antioxidants may protect cancer cells from apoptosis signals and
enhance cell viability. Asian Pac J Cancer Prev 14:4611-4614

Vasquez-Garzon VR, Arellanes-Robledo J, Garcia-Roman R, Aparicio-Rautista DI, Villa-
Trevino S (2009) Inhibition of reactive oxygen species and pre-neoplastic lesions by querce-
tin through an antioxidant defense mechanism. Free Radic Res 43:128-137

Cruz-Correa M, Shoskes DA, Sanchez P, Zhao R, Hylind LM, Wexner SD, Giardiello FM
(2006) Combination treatment with curcumin and quercetin of adenomas in familial adeno-
matous polyposis. Clin Gastroenterol Hepatol 4:1035-1038

Han M, Song Y, Zhang X (2016) Quercetin suppresses the migration and invasion in human
Colon Cancer Caco-2 cells through regulating toll-like receptor 4/nuclear factor-kappa B
pathway. Pharmacogn Mag 12:S237-S244

Pratheeshkumar P, Son YO, Divya SP, Wang L, Turcios L, Roy RV, Hitron JA, Kim D, Dai J,
Asha P, Zhang Z, Shi X (2016) Quercetin inhibits Cr(VI)-induced malignant cell transforma-
tion by targeting miR-21-PDCD4 signaling pathway. Oncotarget 8(32):52118

Yang F, Song L, Wang H, Wang J, Xu Z, Xing N (2015) Quercetin in prostate cancer: che-
motherapeutic and chemopreventive effects, mechanisms and clinical application potential
(Review). Oncol Rep 33:2659-2668

Alarcon De La Lastra C, Martin MJ, Motilva V (1994) Antiulcer and gastroprotective effects
of quercetin: a gross and histologic study. Pharmacology 48:56-62

Suzuki Y, Ishihara M, Segami T, Ito M (1998) Anti-ulcer effects of antioxidants, quercetin,
alpha-tocopherol, nifedipine and tetracycline in rats. Jpn J Pharmacol 78:435-441

Coles L (2000) Quercetin: a review of clinical applications. Natural medicine Online

Ferry DR, Smith A, Malkhandi J, Fyfe DW, Detakats PG, Anderson D, Baker J, Kerr DJ
(1996) Phase I clinical trial of the flavonoid quercetin: pharmacokinetics and evidence for
in vivo tyrosine kinase inhibition. Clin Cancer Res 2:659-668

Heinz SA, Henson DA, Austin MD, Jin F, Nieman DC (2010) Quercetin supplementation
and upper respiratory tract infection: a randomized community clinical trial. Pharmacol Res
62:237-242

Hosseinzadeh H, Nassiri-Asl M (2014) Review of the protective effects of rutin on the meta-
bolic function as an important dietary flavonoid. J Endocrinol Investig 37:783-788



222

K. Sinha et al.

58

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

. Sharma S, Ali A, Ali J, Sahni JK, Baboota S (2013) Rutin : therapeutic potential and recent
advances in drug delivery. Expert Opin Investig Drugs 22:1063—-1079

Al-Dhabi NA, Arasu MV, Park CH, Park SU (2015) An up-to-date review of rutin and its
biological and pharmacological activities. EXCLI J 14:59-63

Patil SL, Rao NB, Somashekarappa HM, Rajashekhar KP (2014) Antigenotoxic potential of
rutin and quercetin in Swiss mice exposed to gamma radiation. Biom J 37:305-313

Park SE, Sapkota K, Choi JH, Kim MK, Kim YH, Kim KM, Kim KJ, Oh HN, Kim SJ,
Kim S (2014) Rutin from Dendropanax morbifera Leveille protects human dopaminergic
cells against rotenone induced cell injury through inhibiting JNK and p38 MAPK signaling.
Neurochem Res 39:707-718

Hsu CY, Shih HY, Chia YC, Lee CH, Ashida H, Lai YK, Weng CF (2014) Rutin potentiates
insulin receptor kinase to enhance insulin-dependent glucose transporter 4 translocation. Mol
Nutr Food Res 58:1168-1176

Niture NT, Ansari AA, Naik SR (2014) Anti-hyperglycemic activity of rutin in streptozotocin-
induced diabetic rats: an effect mediated through cytokines, antioxidants and lipid biomark-
ers. Indian J Exp Biol 52:720-727

Na JY, Kim S, Song K, Kwon J (2014) Rutin alleviates prion peptide-induced cell death
through inhibiting apoptotic pathway activation in dopaminergic neuronal cells. Cell Mol
Neurobiol 34:1071-1079

Nieoczym D, Socala K, Raszewski G, Wlaz P (2014) Effect of quercetin and rutin in some
acute seizure models in mice. Prog Neuro-Psychopharmacol Biol Psychiatry 54:50-58

Qu J, Zhou Q, Du Y, Zhang W, Bai M, Zhang Z, Xi Y, Li Z, Miao J (2014) Rutin protects
against cognitive deficits and brain damage in rats with chronic cerebral hypoperfusion. Br
J Pharmacol 171:3702-3715

Ugusman A, Zakaria Z, Chua KH, Nordin NA, Abdullah Mahdy Z (2014) Role of rutin on
nitric oxide synthesis in human umbilical vein endothelial cells. ScientificWorldJournal
2014:169370

Choi KS, Kundu JK, Chun KS, Na HK, Surh YJ (2014) Rutin inhibits UVB radiation-induced
expression of COX-2 and iNOS in hairless mouse skin: p38 MAP kinase and JNK as poten-
tial targets. Arch Biochem Biophys 559:38-45

Sikder K, Kesh SB, Das N, Manna K, Dey S (2014) The high antioxidative power of querce-
tin (aglycone flavonoid) and its glycone (rutin) avert high cholesterol diet induced hepatotox-
icity and inflammation in Swiss albino mice. Food Funct 5:1294-1303

Rajendran P, Rengarajan T, Nandakumar N, Divya H, Nishigaki I (2015) Mangiferin in can-
cer chemoprevention and treatment: pharmacokinetics and molecular targets. J Recept Signal
Transduct Res 35:76-84

Yang Z, Weian C, Susu H, Hanmin W (2016) Protective effects of mangiferin on cerebral
ischemia-reperfusion injury and its mechanisms. Eur J Pharmacol 771:145-151

Benard O, Chi Y (2015) Medicinal properties of mangiferin, structural features, derivative
synthesis, pharmacokinetics and biological activities. Mini-Rev Med Chem 15:582-594
Ghosh S, Banerjee S, Sil PC (2015) The beneficial role of curcumin on inflammation, diabe-
tes and neurodegenerative disease: a recent update. Food Chem Toxicol 83:111-124

Ghosh M, Das J, Sil PC (2012) D(+) galactosamine induced oxidative and nitrosative stress-
mediated renal damage in rats via NF-kappaB and inducible nitric oxide synthase (iNOS)
pathways is ameliorated by a polyphenol xanthone, mangiferin. Free Radic Res 46:116-132
Li AN, Li S, Zhang YJ, Xu XR, Chen YM, Li HB (2014) Resources and biological activities
of natural polyphenols. Nutrients 6:6020-6047

Pal PB, Sinha K, Sil PC (2013) Mangiferin, a natural xanthone, protects murine liver in
Pb(II) induced hepatic damage and cell death via MAP kinase, NF-kappaB and mitochondria
dependent pathways. PLoS One 8:¢56894

Saha S, Sadhukhan P, Sil PC (2016a) Mangiferin: a xanthonoid with multipotent anti-
inflammatory potential. Biofactors 42:459-474

Selles AJ, Villa DG, Rastrelli L (2015) Mango polyphenols and its protective effects on dis-
eases associated to oxidative stress. Curr Pharm Biotechnol 16:272-280



Phytochemicals and Human Health 223

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Menkovic N, Juranic Z, Stanojkovic T, Raonic-Stevanovic T, Savikin K, Zdunic G, Borojevic
N (2010) Radioprotective activity of Gentiana lutea extract and mangiferin. Phytother Res
24:1693-1696

Sadhukhan P, Saha S, Sil P (2015) Targeting oxidative stress: a novel approach in mitigating
cancer. Biochem Anal Biochem 4. https://doi.org/10.4172/2161-1009.1000236

Apontes P, Liu Z, Su K, Benard O, Youn DY, Li X, Li W, Mirza RH, Bastie CC, Jelicks
LA, Pessin JE, Muzumdar RH, Sauve AA, Chi Y (2014) Mangiferin stimulates carbohy-
drate oxidation and protects against metabolic disorders induced by high-fat diets. Diabetes
63:3626-3636

Marquez L, Garcia-Bueno B, Madrigal JL, Leza JC (2012) Mangiferin decreases inflamma-
tion and oxidative damage in rat brain after stress. Eur J Nutr 51:729-739

Pal PB, Ghosh S, Sil PC (2015) Beneficial effect of naturally occurring antioxidants against
oxidative stress—mediated organ dysfunctions. In: Bioactive natural products: chemistry and
biology. Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Lim J, Liu Z, Apontes P, Feng D, Pessin JE, Sauve AA, Angeletti RH, Chi Y (2014) Dual
mode action of mangiferin in mouse liver under high fat diet. PLoS One 9:¢90137

Guo F, Huang C, Liao X, Wang Y, He Y, Feng R, Li Y, Sun C (2011) Beneficial effects of
mangiferin on hyperlipidemia in high-fat-fed hamsters. Mol Nutr Food Res 55:1809-1818
Xing X, Li D, Chen D, Zhou L, Chonan R, Yamahara J, Wang J, Li Y (2014) Mangiferin
treatment inhibits hepatic expression of acyl-coenzyme a:diacylglycerol acyltransferase-2 in
fructose-fed spontaneously hypertensive rats: a link to amelioration of fatty liver. Toxicol
Appl Pharmacol 280:207-215

Mirza RH, Chi N, Chi Y (2013) Therapeutic potential of the natural product mangiferin in
metabolic syndrome. J Nutr Ther 2:74-79

Asthana RK, Gupta R, Agrawal N, Srivastava A, Chaturvedi U, Kanojiya S, Khanna AK,
Bhatia G, Sharma VL (2014) Evaluation of antidyslipidemic effect of mangiferin and amaro-
gentin from Swertia chirayita extract in HFD induced Charles Foster rat model and in vitro
antioxidant activity and their docking studies. Int J Pharm Sci Res 5:3734

Saha S, Sadhukhan P, Sinha K, Agarwal N, Sil PC (2016b) Mangiferin attenuates oxidative
stress induced renal cell damage through activation of PI3K induced Akt and Nrf-2 mediated
signaling pathways. Biochem Biophys Rep 5:313-327

Wolfender J-L, Urbain A, Hostettmann K (2015) Profiling, isolation, chemical characterisa-
tion and distribution of Gentianaceae constituents. In: The Gentianaceae-volume 2: biotech-
nology and applications. Springer, Berlin/Heidelberg

Crockett SL, Poller B, Tabanca N, Pferschy-Wenzig EM, Kunert O, Wedge DE, Bucar F
(2011) Bioactive xanthones from the roots of Hypericum perforatum (common St John’s
wort). J Sci Food Agric 91:428-434

Abbaskhan A, Siddiqui H, Anjum S, Orhan I, Gurbuz I, Ayanoglud F (2010) New and known
constituents from Iris unguicularis and their antioxidant activity. Heterocycles 82:813-824
XuL,LiA, Sun A, Liu R (2010) Preparative isolation of neomangiferin and mangiferin from
Rhizoma anemarrhenae by high-speed countercurrent chromatography using ionic liquids as
a two-phase solvent system modifier. J Sep Sci 33:31-36

Viswanadh EK, Rao BN, Rao BS (2010) Antigenotoxic effect of mangiferin and changes in
antioxidant enzyme levels of Swiss albino mice treated with cadmium chloride. Hum Exp
Toxicol 29:409-418

Kammalla AK, Ramasamy MK, Inampudi J, Dubey GP, Agrawal A, Kaliappan I (2015)
Comparative pharmacokinetic study of mangiferin after oral administration of pure mangif-
erin and US patented polyherbal formulation to rats. AAPS PharmSciTech 16:250-258
Wang H, Ye G, Ma CH, Tang YH, Fan MS, Li ZX, Huang CG (2007) Identification and deter-
mination of four metabolites of mangiferin in rat urine. J] Pharm Biomed Anal 45:793-798
Rashid K, Sinha K, Sil PC (2013) An update on oxidative stress-mediated organ pathophysi-
ology. Food Chem Toxicol 62:584-600


https://doi.org/10.4172/2161-1009.1000236

224

K. Sinha et al.

98.

99.

100.

101.
102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Sinha K, Pal PB, Sil PC (2013) Mangiferin, a naturally occurring xanthone C-glycoside,
ameliorates lead (Pb)-induced murine cardiac injury via mitochondria-dependent apoptotic
pathways. Signpost Open Access J Org Biomol Chem 1:47-63

Faizi S, Zikr-Ur-Rehman S, Ali M, Naz A (2006) Temperature and solvent dependent NMR
studies on mangiferin and complete NMR spectral assignments of its acyl and methyl deriva-
tives. Magn Reson Chem 44:838-844

Barreto JC, Trevisan MT, Hull WE, Erben G, De Brito ES, Pfundstein B, Wurtele G,
Spiegelhalder B, Owen RW (2008) Characterization and quantitation of polyphenolic com-
pounds in bark, kernel, leaves, and peel of mango (Mangifera indica L.). J Agric Food Chem
56:5599-5610

Sekar M (2015) Molecules of interest-mangiferin-a review. Ann Res Rev Biol 5:307

Danthu P, Lubrano C, Flavet L, Rahajanirina V, Behra O, Fromageot C, Rabevohitra R, Roger
E (2010) Biological factors influencing production of xanthones in Aphloia theiformis. Chem
Biodivers 7:140-150

Sethiya NK, Mishra S (2014) Investigation of mangiferin, as a promising natural polyphenol
xanthone on multiple targets of Alzheimer’s disease. J Biol Act Prod Nat 4:111-119

Ahmad A, Padhye S, Sarkar FH (2012) Role of novel nutraceuticals garcinol, plumbagin and
mangiferin in the prevention and therapy of human malignancies: mechanisms of anticancer
activity. In: Nutraceuticals and cancer. Springer, Dordrecht

Joubert E, Otto F, Griiner S, Weinreich B (2003) Reversed-phase HPLC determination of
mangiferin, isomangiferin and hesperidin in Cyclopia and the effect of harvesting date on the
phenolic composition of C. genistoides. Eur Food Res Technol 216:270-273

Morel I, Abalea V, Sergent O, Cillard P, Cillard J (1998) Involvement of phenoxyl radical
intermediates in lipid antioxidant action of myricetin in iron-treated rat hepatocyte culture.
Biochem Pharmacol 55:1399-1404

Sahu SC, Gray GC (1993) Interactions of flavonoids, trace metals, and oxygen: nuclear DNA
damage and lipid peroxidation induced by myricetin. Cancer Lett 70:73-79

ChenW, LiY,LiJ,Han Q,Ye L, LiA (2011) Myricetin affords protection against peroxynitrite-
mediated DNA damage and hydroxyl radical formation. Food Chem Toxicol 49:2439-2444
Henneberg R, Otuki MF, Furman AE, Hermann P, Do Nascimento AJ, Leonart MS (2013)
Protective effect of flavonoids against reactive oxygen species production in sickle cell ane-
mia patients treated with hydroxyurea. Rev Bras Hematol Hemoter 35:52-55

Robak J, Gryglewski RJ (1988) Flavonoids are scavengers of superoxide anions. Biochem
Pharmacol 37:837-841

Semwal DK, Semwal RB, Combrinck S, Viljoen A (2016) Myricetin: a dietary molecule with
diverse biological activities. Nutrients 8:90

Xinhuai Z, Xin Z (2009) Comparisons of cytoprotective effects of three flavonoids against
human hepatocytes oxidative injury induced by hydrogen peroxide or carbon tetrachloride
in vitro. J Med Plant Res 3:776-784

Laughton MJ, Halliwell B, Evans PJ, Hoult JR (1989) Antioxidant and pro-oxidant actions
of the plant phenolics quercetin, gossypol and myricetin. Effects on lipid peroxidation,
hydroxyl radical generation and bleomycin-dependent damage to DNA. Biochem Pharmacol
38:2859-2865

Pandey KB, Mishra N, Rizvi SI (2009) Myricetin may provide protection against oxidative
stress in type 2 diabetic erythrocytes. Z Naturforsch C 64:626-630

Xie H-J, Mou W-S, Lin F-R, Xu J-H, Lei Q-F (2013) Radical scavenging activity of myric-
etin. Acta Phys -Chim Sin 29:1421-1432

Mira L, Fernandez MT, Santos M, Rocha R, Florencio MH, Jennings KR (2002) Interactions
of flavonoids with iron and copper ions: a mechanism for their antioxidant activity. Free
Radic Res 36:1199-1208

Justino GC, Vieira AJ (2010) Antioxidant mechanisms of Quercetin and Myricetin in the gas
phase and in solution--a comparison and validation of semi-empirical methods. J Mol Model
16:863-876



Phytochemicals and Human Health 225

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

Romanouskaya TV, Grinev VV (2009) Cytotoxic effect of flavonoids on leukemia cells and
normal cells of human blood. Bull Exp Biol Med 148:57-59

Oyama Y, Fuchs PA, Katayama N, Noda K (1994) Myricetin and quercetin, the flavonoid
constituents of Ginkgo biloba extract, greatly reduce oxidative metabolism in both resting
and Ca(2+)-loaded brain neurons. Brain Res 635:125-129

Lopez-Lazaro M, Willmore E, Austin CA (2010) The dietary flavonoids myricetin and fisetin
act as dual inhibitors of DNA topoisomerases I and II in cells. Mutat Res 696:41-47
Constantinou A, Mehta R, Runyan C, Rao K, Vaughan A, Moon R (1995) Flavonoids as
DNA topoisomerase antagonists and poisons: structure-activity relationships. J Nat Prod
58:217-225

Kang NJ, Jung SK, Lee KW, Lee HJ (2011) Myricetin is a potent chemopreventive phyto-
chemical in skin carcinogenesis. Ann N'Y Acad Sci 1229:124-132

Kumamoto T, Fujii M, Hou DX (2009) Myricetin directly targets JAK1 to inhibit cell trans-
formation. Cancer Lett 275:17-26

Ichimatsu D, Nomura M, Nakamura S, Moritani S, Yokogawa K, Kobayashi S, Nishioka T,
Miyamoto K (2007) Structure-activity relationship of flavonoids for inhibition of epidermal
growth factor-induced transformation of JB6 CI 41 cells. Mol Carcinog 46:436-445

Xu R, Zhang Y, Ye X, Xue S, Shi J, Pan J, Chen Q (2013) Inhibition effects and induction of
apoptosis of flavonoids on the prostate cancer cell line PC-3 in vitro. Food Chem 138:48-53
Sun F, Zheng XY, Ye J, Wu TT, Wang J, Chen W (2012) Potential anticancer activity of myric-
etin in human T24 bladder cancer cells both in vitro and in vivo. Nutr Cancer 64:599-606
Zhang ZT, Cao XB, Xiong N, Wang HC, Huang JS, Sun SG, Wang T (2010) Morin exerts
neuroprotective actions in parkinson disease models in vitro and in vivo. Acta Pharmacol Sin
31(8):900-906

Benavente-Garcia O, Castillo J, Lorente J, Alcaraz M, Yanez I, Martinez C, Vicente V,
Lozano J (2005) Antiproliferative activity of several phenolic compounds against melanoma
cell lines: relationship between structure and activity. Agro Food Ind Hi Tech 16:30-34
Walker EH, Pacold ME, Perisic O, Stephens L, Hawkins PT, Wymann MP, Williams RL
(2000) Structural determinants of phosphoinositide 3-kinase inhibition by wortmannin,
LY294002, quercetin, myricetin, and staurosporine. Mol Cell 6:909-919

Labbe D, Provencal M, Lamy S, Boivin D, Gingras D, Beliveau R (2009) The flavonols quer-
cetin, kaempferol, and myricetin inhibit hepatocyte growth factor-induced medulloblastoma
cell migration. J Nutr 139:646-652

Shih YW, Wu PF, Lee YC, Shi MD, Chiang TA (2009) Myricetin suppresses invasion and
migration of human lung adenocarcinoma A549 cells: possible mediation by blocking the
ERK signaling pathway. J Agric Food Chem 57:3490-3499

Kim ME, Ha TK, Yoon JH, Lee JS (2014) Myricetin induces cell death of human colon can-
cer cells via BAX/BCL2-dependent pathway. Anticancer Res 34:701-706

Schutte ME, Van De Sandt JJ, Alink GM, Groten JP, Rietjens IM (2006) Myricetin stimulates
the absorption of the pro-carcinogen PhIP. Cancer Lett 231:36-42

Borde P, Mohan M, Kasture S (2011) Effect of myricetin on deoxycorticosterone acetate
(DOCA)-salt-hypertensive rats. Nat Prod Res 25:1549-1559

Godse S, Mohan M, Kasture V, Kasture S (2010) Effect of myricetin on blood pressure and
metabolic alterations in fructose hypertensive rats. Pharm Biol 48:494-498

Kang BY, Kim SH, Cho D, Kim TS (2005) Inhibition of interleukin-12 production in mouse
macrophages via decreased nuclear factor-kappaB DNA binding activity by myricetin, a
naturally occurring flavonoid. Arch Pharm Res 28:274-279

Jimenez R, Andriambeloson E, Duarte J, Andriantsitohaina R, Jimenez J, Perez-Vizcaino F,
Zarzuelo A, Tamargo J (1999) Involvement of thromboxane A2 in the endothelium-dependent
contractions induced by myricetin in rat isolated aorta. Br J Pharmacol 127:1539-1544

Cho YC, Yoon G, Lee KY, Choi HJ, Kang BY (2007) Inhibition of interleukin-2 production
by myricetin in mouse EL-4 T cells. Arch Pharm Res 30:1075-1079



226

K. Sinha et al.

139.

140.

141.

142.

143.

144.

145.

146.

Ong KC, Khoo HE (1996) Insulinomimetic effects of myricetin on lipogenesis and glu-
cose transport in rat adipocytes but not glucose transport translocation. Biochem Pharmacol
51:423-429

Ong KC, Khoo HE (2000) Effects of myricetin on glycemia and glycogen metabolism in
diabetic rats. Life Sci 67:1695-1705

Zelus C, Fox A, Calciano A, Faridian BS, Nogaj LA, Moffet DA (2012) Myricetin inhibits
islet amyloid polypeptide (IAPP) aggregation and rescues living mammalian cells from IAPP
toxicity. Open Biochem J 6:66—70

Tzeng TF, Liou SS, Liu IM (2011) Myricetin ameliorates defective post-receptor insulin sig-
naling via beta-endorphin signaling in the skeletal muscles of fructose-fed rats. Evid Based
Complement Alternat Med 2011:150752

Liu IM, Tzeng TF, Liou SS, Lan TW (2007) Improvement of insulin sensitivity in obese
Zucker rats by myricetin extracted from Abelmoschus moschatus. Planta Med 73:1054—-1060
Ozcan F, Ozmen A, Akkaya B, Aliciguzel Y, Aslan M (2012) Beneficial effect of myricetin on
renal functions in streptozotocin-induced diabetes. Clin Exp Med 12:265-272

Gebhardt R (2003) Variable influence of kaempferol and myricetin on in vitro hepatocellular
cholesterol biosynthesis. Planta Med 69:1071-1074

Chang CJ, Tzeng TF, Liou SS, Chang YS, Liu IM (2012) Myricetin increases hepatic peroxi-
some proliferator-activated receptor alpha protein expression and decreases plasma lipids and
adiposity in rats. Evid Based Complement Alternat Med 2012:787152



	10: Phytochemicals and Human Health
	10.1	 Introduction
	10.2	 Morin
	10.3	 Quercetin
	10.4	 Rutin
	10.5	 Mangiferin
	10.6	 Myricetin
	10.7	 Conclusion
	References




