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ABSTRACT

Bioactive compounds and establishing their health effects are active areas of scientific queries. There are exciting prospects to
facilitate the selection of many bioactive compounds, which are supportive to reduce the risk of many diseases, as well as
chronic diseases such as cardiovascular disease. This review provide an summary of activities of bioactive components like
flavones, flavonols, catechins, anthocyanidins (e.g., cyanidin, pelargonidin), and isoflavones (e.g., genistein, daidzein &
proanthocyanidins (Polymeric flavonoids), Glucosinolates & isothiocyanates. Such bioactive components impart potential role in
enzyme biology (enzyme modulator activities) and in straight line or indirect act as antioxidant, anti-inflammatory, and
protection against ultraviolet light induced damages, which affects the health. The number of bioactive compounds and the
diversity of likely biological effects, numerous and diverse experimental approaches must be taken to increase our understanding
of the biology of bioactive compounds. The discovery of novel health effects of bioactive compounds will provide the scientific
basis for future efforts to use biotechnology to modify and make stronger food components as a means to improve public health.
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INTRODUCTION

Nutrition is an era of alteration, which defined the role of
bioactive compounds present in the foods materials. These
compounds are defined as components of foods that influence
physiological or cellular activities resulting in a beneficial
health effect. This definition distinguishes these compounds
from many others that are bioactive, but have detrimental
effects and are considered as toxic e.g. few plant secondary
metabolites. Nutrient classifications (1-7) are shown in (Table
1). The purpose of this review is to provide an overview of the
scientific evidences to straighten out the biological and a
health effect of these bioactive compounds above all
flavonoids (quercetin, kaempferol, myricetin etc.) one of the
groups, which plays diverse role in different way in our
biological system. These compound are typically occur in
small amounts in different foods (8). Intrinsically, bioactive
compounds have more delicate effects than nutrients. For
example, polyphenolic compounds which influences cellular
activities in different ways and modify the risk of disease,
rather than prevent deficiency diseases.

The current focus on the potential and beneficial role of
these bioactive compounds in several chronic diseases, there
is intense disclose interest in studying the health effects of
bioactive compounds and sorting out the mechanisms that
mediate their effects. The primary challenge in this area is to
identify bioactive compounds and their associated health
effects as well as their underlying biological mechanism of
action. An impressive and growing number of bioactive
compounds have been identified that have potentially
important health benefits via distinguished mechanism
actions and can act as antioxidants, enzyme inhibitors and
inducers, inhibitors of receptor activities, and inducers and
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inhibitors of gene expression, photo protective among other
actions.

Demonstration of these activities as alone is not sufficient for
a compound to be defined as a bioactive; it also must have an
associated beneficial health effect. Another important
peculiarity of such compounds is that unlike nutrients, which
generally have very specific functions such as being an
enzyme cofactor, bioactive compounds also may have
overlapping functions or activities such as antioxidant
activities, wherein multiple compounds may perform the
same function or have similar activities. The number and
diversity of bioactive compounds adds much complexity to
understanding their effects on health. Here we tried to pull
together some activities of major flavonoids, which are
proved scientifically at cellular level laboratory research
studies.

Flavonoids are nearly ubiquitous in plants and are recognized
as the pigments responsible for the colors of leaves,
especially in autumn. They are rich in seeds, citrus fruits,
olive oil, tea, and red wine. They are low molecular weight
compounds composed of a three-ring structure with various
substitutions. This basic structure is shared by tocopherols
(vitamin E).

CHEMISTRY OF FLAVONOIDS

More than 5000 different flavonoids have been described. The
six major subclasses of flavonoids include the flavones (e.g.,
apigenin, luteolin), flavonols (e.g., quercetin, myricetin),
flavanones (e.g., naringenin, hesperidin), catechins or
flavanols (e.g., epicatechin, gallocatechin), anthocyanidins
(e.g., cyanidin, pelargonidin) and isoflavones (e.g., genistein,
daidzein) (9). Flavonoids are the largest class of polyphenols,
with a common structure of diphenyl propanes (C6-C3-C6),
consisting of two aromatic rings linked through three carbons
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(Figure 1). Biogenetically, the A ring usually arises from a
molecule of resorcinol or phloroglucinol synthesized from the
acetate pathway and has a characteristic hydroxylation
pattern at the 5 and 7 position (10).

Figure: 1 Basic flavonoid structure

The B ring comes from the shikimate pathway and is usually
4, 3, 4-, or 3,4,5-hydroxylated. Based on their chemical
structure, flavonoids are divided into several subclasses
(subclasses, specific compounds, and major food sources.
Table 2), of which flavonols are the most abundant in the
plant kingdom (11).

Flavanols:Tea (green and black), red wine and chocolate are
the foremost sources for flavanols like catechins. Grape and
chocolate catechins are mainly (C)-catechin and epicatechin
(EC), while tea catechins also have galloyl esters of catechins
as major components. Proanthocyanidins are polymeric
flavanols (4 to 11 units) that are present in plant materials
such as grape seeds. Red wine contains more flavonoids
(resveratrol found to be inhibit AOM-induced colon
tumorigenesis) than grape juice because the winemaking
process extracts some of the flavonoids from the seeds and
skins of grapes.

Flavonols:

Quercetin is the main flavonol in the human diet, present in
many fruits, vegetables and beverages. It is particularly
abundant in onions (0.3 mg/g fresh weight) and tea (10-25
mg/L). Quercetin usually occurs as O-glycosides, with D-
glucose as the most frequent sugar residue. More than 170
different quercetin glycosides have been identified.
Isoflavones:

Soybeans are the only significant dietary source of
isoflavones. The primary isoflavones in soy are genistein and
daidzein (approximately 1 mg/g dry bean), which are
generally considered as phytoestrogens.The flavonoid
consumed most was quercetin, and the richest sources of
flavonoids consumed usually via tea (48% of total), onions,
and apples (12). A rebirth of interest in traditional eastern
medicine during the past two decades, together with an
expanded effort in pharmacognosy, has rekindled interest in
the flavonoids and the need to understand their mechanism
and effects at the cellular level. Flavonoids have important
effects in biochemistry and physiology, acting as antioxidants,
enzyme inhibitors, precursors of toxic substances, and
pigments and light screens, which are also, play significant
role in UV rays protection.

The flavonoids have long been recognized to possess anti-
inflammatory, antioxidant, antiallergic, hepatoprotective,
antithrombotic, antiviral, and anticarcinogenic activities (13-
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15), are summarized in Table.3. These typical phenolic
compounds act as potent metal chelators, free radical
scavengers and display a remarkable collection of biochemical
and pharmacological activities (In-vitro) of many enzymes
system (16).
MECHANISM
Other multitude effects of mass of flavonoids upon enzyme
systems directs an influence on immune cell function via
different mechanism are as followed.
e  Suppression of Class Il histocompatibility antigens in
peripheral blood monocytes (56).
e Inhibition of lymphocyte proliferation in response to
phytomitogens and antigens (57).
e Inhibition of thymidine transport in lymphocytes (58).
e  Effects on tumor cell immunity (Flav’s cause enzymatic
alterations in tumor cells) (59).
e  Stimulation of IgE formation (60).
. Inhibition of cytotoxic lymphocyte formation (61).
e  |nhibition of cell proliferation (62).
As antioxidants:
Antioxidants are compounds that protect cells against the
damaging effects of reactive oxygen species, such as singlet
oxygen, superoxide, peroxyl radicals, hydroxyl radicals and
peroxynitrite. An imbalance between antioxidants and
reactive oxygen species results in oxidative stress, leading to
cellular damage. Oxidative stress has been linked to cancer,
aging, atherosclerosis, ischemic injury, inflammation and
neurodegenerative diseases (Parkinson's and Alzheimer's).
Many flavonoids may help to provide protection against these
diseases by contributing, along with antioxidant vitamins and
enzymes, to the total antioxidant defense system of the
human body. Epidemiological studies have shown that
flavonoid intake is inversely related to mortality from
coronary heart disease and to the incidence of heart
attacks. From the above table we can assure that variety of
flavonoids act in different way to control the oxidation at the
cellular level as antioxidants by interfering in enzyme
activity, chelating of redox-active metals and by scavenging
free radicals.
Chelation of both iron and copper by the carbonyl and
hydroxyl groups of flavonoids prevents peroxyl radical and
lipid peroxidation (63, 64). Here flavonoids also act as
terminators of free radicals by donation of electrons to form
stable products. Flavonoids are very effective scavengers of
hydroxyl and peroxyl radicals as well as quenching superoxide
radicals and singlet oxygen (65).
In case of atherosclerotic lesions, oxidation of low-density
lipoproteins (LDL) is considered to be a very important
component (66, 67). The antioxidant mechanism during the
atherogenesis is clearly shown in the figure 2. In blood
circulating monocytes scavenge oxygen-modified LDL
molecules and monocytes/macrophages penetrate into the
sub endothelial space and become the first stage of
atherogenesis, the so-called "fatty streak.” Flavonoids, with
antioxidant activity interrupt this process and may be very
helpful in the process of preventing and or treating
cardiovascular diseases.
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Figure. 2 - An Oxidative modification pathway via Low-
density Lipoprotein accumulation.

Mechanism of oxidation
Oxidized LDL triggers a cascade of proatherogenic events
(Figure 1). In this local vascular cells are stimulated by
oxidized LDL to produce monocyte chemotactic protein 1
(MCP-1) and granulocyte and macrophage colony-stimulating
factors that promote recruitment of monocytes to the
endothelium and uptake, followed by conversion to
macrophages in the arterial wall (68). In conjunction with
this, a cytokine-induced [tumor necrosis factor a (TNF-a) and
interleukin-1 (IL-1)] expression of endothelial cell surface
adhesion molecules stimulates recruitment of blood
mononuclear cells to the endothelium. Accumulating
monocytes and macrophages further stimulates LDL oxidation
(69).
The mechanism by which flavonoids inhibit LDL is not totally
known, but it is thought that they reduce free radical
formation, protect LDL- a -tocopherol or regenerate oxidized
LDL- a -tocopherol, and/or sequester metal ions which
participate in oxidation reactions (70). The flavon 3-ol,
catechin and silybin found to be effective in liver toxicity
which is induced from drugs such as erythromycin estolate,
amitriptyline, nortriptyline, and tert-butylhydroperoxide, the
hepatotoxicity were found decreased by catechin and silybin
flavonoids (71).
As Anti-inflammatory
Green tea, black tea, plums, apples, and cranberries
contained supplement of Flavan-3-ols (Catechin,
gallocatechin, epicatechin, epigallocatechin, epicatechin
gallate, epigallocatechin gallate, theaflavin, the aflavin
gallate). Some of these flavonoids have anti-inflammatory
properties, probable by inhibiting the production of TNF-a
and nitric oxide.
Suppression of the inflammatory response in chronic diseases
may beneficially affect disease outcome. During the
inflammation the Intercellular adhesion molecule (ICAM)-1
plays an important role in the inflammatory responses.
Expression of ICAM-1 is induced by cytokines, such as IL-1,
TNF-a, or |INF-y, on endothelial cell surface during
inflammation. Quercetin inhibited ICAM-1 expression induced
by phorbol 12-myristate 13-acetate and TNF-a in ECV304
human endothelial cell in a dose dependent manner (72). This
inhibition was due to down regulation of activator protein-1
that is associated with inhibition of c-Jun NH2-terminal kinase
pathway. In another study, apigenin exhibited a dose- and
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time-dependent inhibition of cytokine-induced ICAM-1, VCAM-
1, and E-selectin expression. In this study, apigenin did not
inhibit nuclear translocation of NF-kB, but did inhibit reporter
gene expression driven by NF-«B (73).

Flavonols, quercetin and catechin were found to inhibit the
production of TNF-a and nitric oxide by lipopolysaccharide-
activated macrophages (74). TNF-a inhibition may occur post
transcriptionally whereas inducible nitric oxide synthase
inhibition may occur at the transcriptional level (75).In
lipopolysaccharide activated Kupffer cells, quercetin also
strongly inhibited nitric oxide production and TNF-a
expression, possibly through a posttranscriptional process.
Quercetin is reported to suppress TNF-a-induced expression of
IL-8 and monocyte chemo attractant protein (MCP)-1 due, at
least in part, to its ability to inhibit the activation of NF-«B
(76). Similarly, apigenin, one of the most potent flavones,
inhibits prostaglandin synthesis induced by IL-1a. Apigenin
also inhibits the production of IL-6 and IL-8 in human
endothelial cells activated by TNF-a (77).

As Photo protective

Skin ages in a sequential logic with impaired cellular and
subcellular functions are natural phenomenon. On the other
hand, skin may also age prematurely as a result of
overexposure to exogenous environmental factors for example
UV radiation, smoking effect (78). This photo aging process is
mainly related to increased exposure to UVA light, but UVB
also initiates photo aging, which altered the skin extra
cellular matrix of collagens (79). As an outcome of skin loses,
rigidity, elasticity, and resilience, are appearing rough,
leathery, and wrinkled (80).

There are different strategies for protection of skin against
UV-dependent damage (81). Most simple are avoidance of sun
exposure and wearing protective clothing as well as topical
application of sunscreens, generally recommended during
times of intense exposure, e.g., during holidays or stays at
high altitude. It has been speculated that an increased topical
protection against UV light might affect endogenous vitamin D
synthesis in the skin and may cause disorders related to
vitamin D deficiency, e.g., reduced bone strength (82, 83).
On the other hand, at present the intake of a vitamin D
supplement during use of a sunscreen is discussed
controversially (84).

Human skin is protected against UV radiation by melanins,
endogenous pigments that scatter and absorb UV light
(85).Upon sun the exposure; pigmentation is enhanced by
stimulated synthesis of melanin in the epidermal melanocytes
(suntan) and a cascade of photo-induced chemical and
biological reactions takes place in the target tissue (86-88).
As a primary event, light interacts with a suitable
chromophore. The chromophore may be damaged directly or
may act as photosensitizer initiating subsequent chemical
reactions. In the presence of oxygen, secondary reactive
oxygen intermediates are generated. These reactive oxygen
species (ROS) may damage molecules and cellular structures.
The chemical reaction cascade leads to cellular biochemical
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Table: 1. Bioactive components viability in food materials

S.No.  Bioactive components Food sources Ref.
1 Carotenoids Green, orange, red, yellow fruits 1
& vegetables
2 Flavonoids & proanthocyanidins Fruits & vegetables, soy foods, 2,3
(Polymeric flavonoids) legumes, tea, cocoa
3 Glucosinolates & isothiocyanates Cruciferous vegetables 4
4 Phenolic acids (Caffeic acid and chlorogenic acids,p-cumaric acids) Cereals, coffee, fruits & 5,6
vegetables
5 Plant sterols (campesterol B-sitosterol and stigmasterol) Rice oil, soybean oil, tall oil 7
Table 2. Flavonoid subclasses, compounds and food sources.
S.No. Subclass Compounds Primary food sources
1 Flavonols, Quercetin, kaempferol, Onions, apples, teas, berries,
myricetin isorhamnetin olives, bananas,
lettuce, Plums, red wine
2 Flavones Luteolin, apigenin Apples, celery, celeriac,
Lemons, parsley, oregano,
Lettuce, beets
3 Isoflavones Genistein, diadzein Soybeans, legumes
Flavanones Hesperetin, naringenin, eriodictyol Oranges, grapefruits, lemons
5 Flavan-3-ols, Catechin, gallocatechin, epicatechin, Green tea, black tea, plums, apples,
epigallocatechin, epicatechingallate, cranberries
epigallocatechin gallate, theaflavin,
Theaflavin gallate, theaflavindigallate,
thearubigins
Table 3 Different enzyme modulator activities of Flavonoids.
SLNo  Enzymes Flavonoids Mechanism Ref.
1 Protein Kinase Quercetin Inhibited the phosphorylating activity of the Rous 17
sarcoma virus-transforming gene.
Inhibition of phosphorylase kinase and also of
protein tyrosine kinase 18
Kaempferol Catalyzes the Myosin light chain kinase (MLCK) 19
Genistein Inhibition of protein tyrosine kinases (PTK)
Fisetin Inhibition of nonactivated phosphorylase kinase 20
2 Phospholipase A2 (PLA2)  Quercetin Inhibition of PLA2 from human and rabbit
Quercetagetin, leukocytes. 21
kaempferol-3- O- Inhibition of human recombinant synovial PLA2
galactoside, and 22
scutellarein
Phospholipase C Genistein Blocking the PLC activation and formation of 23
(PLC) inositol trisphosphate (IP3) and diacylglycerol
(DAG).
3 ATPases Quercetin Mg 21-ectoATPase of human leukocytes.
Increase in ATPase activity by conformational 24
changes in the structure of myosin. 25
4 Lipoxygenases and Quercetagetin-7-glucoside  Effect on arachidonic acid metabolism via the LO
Cyclooxygenases Tambuletin and CO (TxB2, PGE2, 6-keto-PGF1a) pathways. 26
5 Glucuronyltransferase Catechins The simultaneous induction of CYP1A2 and UGT 27
activities.
7 Adenylate Cyclase Prunetin, Apigenin Inhibition of adenylate cyclase and decreased the 28
platelet cyclic AMP response to prostacyclin
8 Reverse Transcriptase Amentoflavone, Inhibition of three reverse transcriptases (RT) 29
scutellarein and quercetin
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9 Ornithine Decarboxylase Quercetin Inhibit the stimulatory effect of TPA on ODC
(ODC) activity and exert regulatory effects on cell growth.
Apigenin Effective, dose-dependent inhibitor of ODC 30
activity and papilloma formation.
10 Topoisomerase Genistein Fisetin and Inhibition of mammalian DNA topoisomerase II.
quercetin Increasing the DNA-enzyme complex in L1210
Baicalein, quercetagetin, cells and 31
and myricetin interfering with enzyme-induced DNA relaxation. 32
11 Glutathione S-Transferase =~ Quercetin Inhibited to varying degrees by 33
(GST) in vitro
12 Epoxide Hydrolase Flavone and 7,8- both stimulated epoxide hydrase activity, reduced 34
benzoflavone the carcinogens .
13 Glyoxalase Quercetin, fisetin, Inhibition of glyoxalase I and helpful in 35
myricetin regulation of cell division.
14 Xanthine Oxidase Quercetin Inhibitory action on both xanthine oxidase and 36.
Baicalein xanthine dehydrogenase activity and reduced brain 37
tumor
15 Aromatase Quercetin, chrysin, By binding to the active site human cytochrome 38
apigenin, P450 aromatase.
kaempferol Inhibit the aromatase enzyme activity competitively
in a human Glyoxalase cell culture system. 39
16 Cyclic Nucleotide flavone, flavonol Inhibition of phosphodiesterases activity and 40
Phosphodiesterase involved in regulation of many cellular processes, 41
such as cell division.
17 Catechol-O- Certain flavonoid Inhibition of the catecholamine-metabolizing 42
methyltransferase enzyme catechol-Omethyltransferase (COMT)
18 Aldose Reductase Isoflavones and 13 Activity against this enzyme 43
coumarins
19 Monoamine Oxidase Coumarins ,neoflavonoids  Inhibit monoamine oxidases A and B in a reversible a 44
time-independent
Manner
20 Hyaluronidase Kaempferol Tumor cell inhibition by breaking glucosaminidic bor 45
21 Histidine Decarboxylase Quercetin and (1)-catechin  Inhibited the activity of histidine decarboxylase was 46
inhibited
22 Human DNA Ligase Flavonoxanthone Inhibited enzyme function of DNA 47
glucoside ligase I, which catalyzes the covalent joining of singl
stranded breaks in doublestranded DNA
23 Aldose Reductase Quercitrin Inhibit the accumulation of sorbitol in the lens of the 48
rodent 49
24 HIV-1 Proteinase Myricetin, Replication of HIV-I inhibited by inhibiting enzyme
morin, quercetin, and activity. 50
fisetin
25 HIV-1 Integrase Quercetin, Replication of HIV-I by inhibiting enzyme activity. 51
26 Nitric-Oxide Synthase Quercetin, Inhibit NO synthase isomer enzymes activity 52-55
epigallocatechin gallate,
morin, apigenin, taxifolin,
fisetin, and catechin
Abbreviations:

AOM: Azoxymethane, EC: Epicatechin, MLCK: Myosin light chain kinase, PTK: Protein tyrosine kinases, PLA2: Phospholipase A2, IP3:
Inositol trisphosphate, DAG: Diacylglycerol , ODC: Ornithine Decarboxylase, OPCs: Oligomeric proanthocyanidins, MAPK :Mitogen activated
Protein kinase

responses including modified gene expression, impact on
kinase-dependent
inflammatory events, or induction of apoptosis.

signaling
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Systemic photoprotection through endogenous supply of
important contribution to the
defense against UV effects. In addition to some drugs like
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psoralens or antimalarial agents, dietary constituents have
been investigated.

The polyphenols gained attention as protective agents against
UV-induced damage. The most prominent phenolic compounds
in green tea are the flavanols (-)-epigallocatechin, (-)-
epigallocatechin-3-gallate, (-)-epicatechin, (-)-epicatechin
gallate, (+)-gallocatechin, and (+)-catechin. Animal studies
provide evidence that tea polyphenols, when applied orally or
topically, ameliorate adverse skin reactions following UV
exposure, including skin damage, erythema, and lipid
peroxidation (89). Topical application of green tea
polyphenols prior to exposure protects against UVB-induced
local as well as systemic immune suppression; the effects
established in vitro and animal models for photoprotection
using other polyphenols and flavonoids have been
investigated. In a mouse model, topically applied silymarin
provided prevention against UV-induced skin tumors and
found that silymarin lowered UVB-caused sunburn and
apoptosis, skin edema, depletion of catalase activity, and
induction of cyclooxygenase and ornithine decarboxylase
activities as well as ornithine decarboxylase mRNA expression
(97). Similar effects were reported for the flavonoid apigenin
(98).

So like wise different bioactive compounds can interact in the
dysfunction of the biological environment. The groups of
scientist in research are identifying bioactive compounds and
then establishing whether they have a beneficial health effect
is gaining momentum. It is not unreasonable to speculate that
important findings will be made that lead to new ways to
exploit bioactive compound chemistry for the betterment of
human health of population and make them safe from
oxidative stress and UV radiations which has been linked to
cancer, aging, atherosclerosis, ischemic injury, inflammation
and neurodegenerative diseases (Parkinson's and Alzheimer's).
CONCLUSION

It is important to note that the different aspect of bioactive
flavonoids focused in this review as antioxidants, anti-
inflammatory agents and is complementary to topical photo -
protection to maintain the biological environment of the skin
and body at the cellular level. In future, such study claims
can open the area of research for delivering such of
micronutrients by designing novel protective formulations.
While such studies require cumulative research that
integrates various scientific disciplines, culminating in well-
designed large intervention trials with the compounds of
interest, which can be used as antioxidants. Further study of
biokinetic, biochemical, and histological data are required for
sound consideration for the development of food and
cosmetic items enriched with micronutrients.
ACKNOWLEDGEMENT

Authors wish to thanks to the Head, National Medical Library,
New Delhi and Head library of Pt. Ravishankar Shukla
University, Raipur for providing literature facility, also thanks
to Mr.Gopal Garg, lecturer, Institute of Pharmacy, Pt.
Ravishankar Shukla University, Raipur for help in preparing
the manuscript.

© 2007 Phcog.Net , All rights reserved.
Available online: http://www.phcogrev.com

PHCOG REV.

An official Publication of Phcog.Net

REFERENCES

1.

15.

20.

21.

22.

23.

24.

25.

26.

27.

V. Robert, A.W. Alfermann, Metabolic Engineering of Plant Secondary Metabolites,
(Kluwer Academic, 2000) pp. 5-6.

United States Department of Agriculture USDA Nutrient Database for Standard
Reference, Avilable at: http://www.nal.usda.gov/fnic/foodcomp  Accessed- July 8,
2006.

L. Gu, MA. Kelm, J.F. Hammer stone, G.R. Beecher and J.M. Holden.
Concentrations of proanthocyandins in common and infant foods and estimates of
their consumption. J. Nutr. 134(3), 613-17(2004).

P.C. Pillow, C.M. Duphorne, S. Chang, J.H. Contois and S.S. Strom. Development of
a database for assessing dietary phytoestrogen intake. Nutr. Cancer, 33(1), 3-19
(1999).

S.A. McNaughton, and G.C. Marks. Development of a food composition database for
the estimation of dietary intakes of glucosinolates, the biologically active constituents
of cruciferous vegetables. Br. J. Nutr. 90(3), 687-97 (2003).

P.L. Horn-Ross, S.Barnes, M.Lee, L.Coward and J.E. Mandel. Assessing
phytoestrogen exposure in epidemiologic studies: development of a database (United
States). Cancer Causes Control, 11(4), 289-98(2000).

F.B. Hu, E.B. Rimm, M.J. Stampfer, A. Ascherio, and D. Spiegelman Prospective
study of major dietary patterns and risk of coronary heart disease in men. Am. J. Clin.
Nutr, 72(4), 912-21(2000).

P.C. Pillow, C.M. Duphorne, S. Chang, J.H. Contois, and S.S. Strom. Development
of a database for assessing dietary phytoestrogen intake. Nutr. Cancer 33 (1), 3—
19(1999).

P.M. Kris-Etherton, K.D. Hecker, A. Bonanome, S.M. Coval and A.E. Binkoski.
Bioactive compounds in foods: their role in the prevention of cardiovascular disease
and cancer. Am.J. Med. 113(Suppl. 9B), 71-88 (2002).

J.B. Harbourne, The flavonoids: Advances in research since 1986. London Chapman
& Hall, 121-129, (1993).

K.D. Croft. The chemistry and biological effects of flavonoids and phenolic acids.
Ann. NY Acad. Sci. (854) 43542 (1998).

L.B. Bravo. Polyphenols: chemistry, dietary sources, metabolism, and nutritional
significance. Nutr. Rev. (56) 317-33 (1998).

M.G.L. Hertog, P.C.H. Hollman, M.B. Katan and D. Kromhout. Intake of
potentially anticarcinogenic flavonoids and their determinants in adults in the
Netherlands. Nutr Cancer, (20) 21-29 (1993).

Gabor M, Anti-inflammatory substances of plant origin. In: Vane JR and Ferreira SH
eds. Handbook of Experimental Pharmacology. Vol. 1, (Springer-Verlag, New York,
1979). 698-739

R.F. Anderson, C. Amarasinghe, L.J. Fisher, W.B. Mak, J.E. Packer. Reduction in
freeradical- induced DNA strand breaks and base damage through fast chemical
repair byflavonoids. Free Radic. Res. (33) 91-103 (2000).

M. Gabor and Z. Razga, Effect of benzopyrone derivatives on simultaneously
induced croton oil ear edema and carrageenan paw edema in rats. Acta. Physiol.
Hung., (77)197-207 (1991).

C. Kandaswami and E. Middleton. Free radical scavenging and antioxidant activity
of plant flavonoids, In: Armstrong D. Ed’s: Free Radicals in Diagnostic Medicine,
Plenum Press: New York; pp. 351-376 (1994).

D.W. End, R.A. Look, N.L. Shaffer, E.A. Balles and F.J. Persico Non-selective
inhibition of mammalian protein kinases by flavonoids. In vitro. Res. Commun.
Chem. Pathol. Pharm. (56), 75-86 (1987).

A.K. Srivastava. Inhibition of phosphorylase kinase, and tyrosine protein kinase
activities by quercetin. Biochem. Biophys. Res. Commun.131, 1-5 (1985).

M. Alexandrakis, L. Singh, W. Boucher, R. Letourneau, P. Theoflopoulos and T.C.
Theoharides. Differential effects of flavonoids on inhibition of secretion and on
accumulation of secretory granules in rat basophilic leukemia cells. Int J.
Immunopharmacol. 21:379-390 (1999).

S.M. Kiyriakidis, T.G. Sotiroudis and A.E. Evangelopoulos. Interaction of flavonoids
with rabbit muscle phosphorylase kinase. Biochem Biophys Acta. 871:121-129
(1986).

C. Lanni and E.L. Becker Inhibition of neutrophil phospholipase A2 by
pbromophenylacyl bromide, nordihydroguaiaretic acid, 5,8,11,14-eicosatetrayenoic
acid and quercetin. Int. Arch. Allergy Appl. Immunol. 76: 214-217 (1985).

B. Gil, M.J. Sanz, M. Terencio, M.L. Ferrandiz, G. Bustos, M. Paya, R. Gunasegaran
and M.J. Alcaraz. Effects of flavonoids on Naja naja and human recombinant
synovial phospholipase A2 and inflammatory responses in mice. Life. Sci. 54: 333—
338. (1994)

S. Cockcroft. Phosphatidylinositol metabolism in mast cells and neutrophils. Cell
Calcium, 3:337—- 349 (1982).

L. C. Cantley and G.G. Hammes. Investigation of quercetin binding sites on
chloroplast coupling factor. Biochemistry, 15:1-8 (1976).

V.L. Zyma, N.S. Miroshnichenko, V.M. Danilova and E. En Gin. Interaction of
flavonoid compounds with contractile proteins of skeletal muscle. Gen. Physiol.
Biophys. 7,165-175(1988).

M.L. Ferrandiz, A.G. Ramachandran Nair and M.J. Alcaraz. Effect of flavonoids
from Spanish and Indian medicinal herbs on arachidonate metabolism in rat
peritoneal leukocytes. Pharmazie. 45:444-445(1990).

38



Pharmacognosy Reviews
Vol 1, Issue 1, Jan-May, 2007

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

44.

45.

46.

47.

48.

49.

50.

51,

52.

54.

55.

56.

S. Nikaidou, M. Ishizuka, Y. Maeda, Y. Hara, A. Kazusaska, S. Fujita. Effect of
components of green tea extracts, caffeine and catechins on hepatic drug metabolizing
enzyme activities and mutagenic transformation of carcinogens. Jpn. J. Vet. Res. 52
(94), 185-90 (2005).

R. Landolfi, R.L. Nower and M. Steiner. Modification of platelet function and
arachidonic acid metabolism by bioflavonoids. Structure-activity relationships.
Biochem Pharmacol. 33:1525-1530 (1984).

G. Spedding, A. Ratty and E. Middleton. Inhibition of reverse transcriptases by
flavonoids. Antiviral Res. 12, 99-101 (1989).

H. Wei, R. Bowen, O. Cai , S. Bamnes and Y. Wang. Antioxidant and
antipromotional effects of the soybean isoflavone genistein. Proc. Soc. Exp. Biol.
Med. 208,124— 130 (1995).

J. Markovits, C. Linassier, P. Fosse, J. Couprie, J. Pierre , A. Jacquemin-Sablon, J.M.
Saucier, J. Le Pecq and A.K. Larsen. Inhibitory effects of the tyrosine kinase inhibitor
genistein on mammalian DNA topoisomerase II. Cancer Res. 49, 5111- 5117 (1989).
C.A. Austin, S. Patel, K. Ono, H. Nakane and L.M. Fisher Site-specific DNA
cleavage by mammalian DNA topoisomerase II induced by novel flavone and
catechin derivatives. Biochem J., 282:883-889 (1992).

G. Spedding, A. Ratty and E. Middleton Inhibition of reverse transcriptases by
flavonoids. Antiviral Res. 12:99-110 (1989).

A. Dipple, C.J. Michejda and E.K. Weisburger. Metabolism of chemical carcinogens.
Pharmacol. Ther. 27: 265-296 (1985).

G. Klopman and M.L. Dimayuga Computer-automated structure evaluation of
flavonoids and other structurally related compounds as glyoxalase I enzyme
inhibitors. Mol. Pharmacol. 34, 218-222. (1988).

T. Hayashi, K. Sawa, M. Kawasaki, M. Arisawa, M. Shlmizu and N. Morita.
Inhibition of cow’s milk xanthine oxidase by flavonoids. J. Nat. Prod. 51, 345-348
(1988).

S.Y. Namgoong, K.H. Son, HW. Chang, S.S. Kang and H.P. Kim. Effects of
naturally occurring flavonoids on mitogen-induced lymphocyte proliferation and
mixed lymphocyte culture. Life Sci. 54, 313-320 (1993).

J.T. Kellis and L.E. Vickery Inhibition of human estrogen synthetase (aromatase) by
flavones. Science, 225:1032-1034 (1984).

C. Wang, T. Makela, T. Hase, H. Adlercreutz and M. Kurzer. Lignans and
flavonoids inhibit aromatase enzyme in human preadipocytes. J. Steroid Biochem Mol
Biol. 50:205-212 (1994).

Beretz A., Anton R. Cazenave J.P. The effects of flavonoids on cyclic nucleotide
phosphodiesterases. In: Cody V, Middleton E and Harborne JB: Plant Flavonoids in
Biology and Medicine: Biochemical, Pharmacological and Structure-Activity
Relationships. Vol. 1. 281-296. (1986).

A. Beretz, M. Joly, J.C. Stoclet and R. Anton. Inhibition of 39, 59-AMP
phosphodiesterase by flavonoids and xanthones. Planta Med 36:193-195 (1979).

R. Gugler and H. J. Dengler . Inhibition of human liver catechol-O-methyltransferase
by flavonoids. Naunyn-Schmiedeberg’s Arch Pharmacol 276:223-233 (1973).

M.M. Iwu, O.A. Igboko, C.O. Okunji and M.S. Tempesta. Antidiabetic and aldose
reductase activities of biflavanones of Garcinia kola. J. Pharm Pharmacol. 42:290—
292 (1989).

U. Thull and B. Testa . Screening of unsubstituted cyclic compounds as inhibitors of
monoamine oxidase. Biochem Pharmacol. 47: 2307-2310 (1994).

U.R. Kuppusamy, H.E. Khoo and N.P. Das. Structure-activity studies of flavonoids as
inhibitors of hyaluronidase. Biochem Pharmacol. 40: 397-401 (1990).

C. Alarcon de la Lastra, M.J. Martin and V. Motilva. Antiulcer and gastroprotective
effects of quercetin: A gross and histologic study. Pharmacology 48:56-62. (1994).
G.T. Tan, S. Lee, LS. Lee, J. Chen, P. Leitner, J.M. Besterman, A.D. Kinghorn and
J.M. Pezzuto. Natural-product inhibitors of human DNA ligase 1. Biochem. J.
314:993- 1000 (1996).

M.M. Iwu, O.A. Igboko, C.O. Okunji and M.S. Tempesta . Antidiabetic and aldose
reductase activities of biflavanones of Garcinia kola. J Pharm Pharmacol. 42:290—
292 (1989).

Varma S.D. Inhibition of aldose reductase by flavonoids: Possible attenuation of
diabetic complications. In: Cody V, Middleton E and Harborne JB eds Plant
Flavonoids in Biology and Medicine: Biochemical, Pharmacological and Structure-
Activity Relationships. (Alan R. Liss, Inc., New York,) pp 343-358, (1986).

R.I. Brinkworth, M.J. Stoermer and D.P. Fairlie. Flavones are inhibitors of HIV-
1proteinase. Biochem. Biophys Res. Commun. 2: 631-637 (1992).

M.R. Fesen, Y. Pommier, F. L eteurtre, S. Hiroguchi, J. Yung and K.W. Kohn.
Inhibition of HIV-1 integrase by flavones, caffeic acid phenethyl ester (CAPE) and
related compounds. Biochem Pharmacol. 48:595-608 (1994).

C.J. Lowenstein and S.H. Snyder. Nitric oxide, a novel biologic messenger. Cell
70:705-707 (1992).

C. Nathan., Nitric oxide as a secretory product of mammalian cells. FASEB J.
6:3051— 3064 (1992).

S. Moncada and A. Higgs., The L-arginine-nitric oxide pathway. N. Engl. J. Med.
329: 2002-2012. (1993).

S. Moncada, R. M.J. Plamer and E.A. Higgs. Biosynthesis of nitric oxide from
Larginine: A pathway for the regulation of cell function and communication. Biochem
Pharmacol. 38:1709-1715 (1989).

© 2007 Phcog.Net , All rights reserved.
Available online: http://www.phcogrev.com

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.
84.

PHCOG REV.

An official Publication of Phcog.Net

T. Yoshimoto. Flavonoids: potent inhibitors of arachidonate 5- lipoxygenase,
Biochem.Biophys Res.116:612 (1983).

T. Yoshimoto., Arachidonate 5-Lipoxygenase and its new inhibitors. J. Allergy
Clin.Immunol. 74:349, (1990).

K.S. Park, H.Y. Lee, M.K. Kim, E.H. Shin, Jo SH, S.D. Kim, D.S. Im, Y.S. Bae .
Lysophosphatidylserine stimulates L2071 mouse fibroblast chemotactic migration via
a  process  involving  pertussis G-proteins.
Mol Pharmacol. 69(3): 1066-73. (2006).

Peluso MR. Flavonoids attenuate cardiovascular disease, inhibit phosphodiesterase,
and modulate lipid homeostasis in adipose tissue and liver. Exp Biol. Med.231(8):
1287-99 (2006).

Moorkerjee, B.K., Some effects of flavonoids on lymphocyte proliferative responses.
J. Immunopharmacol. 8:371:1986.

T.J. Kim, J.H. Kim, Y.R. Jin, and Y.P. Yun., The inhibitory effect and mechanism of
luteolin 7-glucoside on rat aortic vascular smooth muscle cell proliferation. Arch
Pharm Res. 29(1): 67-72 (2006).

F. Okada, M. Hosokawa, J. Hasegawa, M. Ishikawa, I. Chiba, Y. Nakamura, H.
Kobayashi Repression mechanisms of mouse fibrosarcoma cells after in vitro
exposure to quercetin:diminution of tumorgenicity with a corresponding decrease in
the production of prostaglandin E2, cancer. Immunol. Immunotherapy. 31:358 (1990).
G. Block., Invited commentary: comparison of the block and the willett food
frequency questionnaires. Am. J. Epidemiol. 148 (12): 1160-61(1998).

1.B. Afanas’ev, Dorozhko Al, Brodskii AV, Kostyuk VA, Potapovitch Al, Chelating
and free radical scavenging mechanisms of inhibitory action of rutin and quercetin in
lipid peroxidation. Biochem. Pharmacol. 38(11): 1763-69 (1989).

Jovanovic SV, Simic MG., Antioxidants in nutrition. Ann. NY Acad. Sci. 899:326-34
(2000).

GE. Fraser. Associations between diet and cancer, ischemic heart disease, and

toxin-sensitive  trimeric

allcause mortality in non-Hispanic white California Seventh-day Adventists. Am. J.
Clin.Nutr. 70(3 Suppl.): 532-38S (1999).

P. Fioretto, M.W. Steffes, D.E Sutherland, F.C. Goetz, M. Mauer., Reversal of lesions
of diabetic nephropathy after pancreas transplantation. N. Engl. J. Med. 339(2): 69—
75 (1998).

F. Parhami, Z.T. Fang, A M. Fogelman, A. Adalibi, M.C. Territo, J.A. Berliner.
Minimally modified low density lipoprotein induced inflammatory responses in
endothelial cells are mediated by cyclic adenosine monophosphate. J. Clin. Invest.
92(1):471-78(1993).

M.N. Diaz, B. Frei, J.A. Vita, J.F. Jr. Keaney., Antioxidants and atherosclerotic heart
disease. N. Engl. J. Med. 337(6): 408-16 (1997).

Samman S, Wall PML. Cook NC., Flavonoids and coronary heart disease: Dietary
perspectives:In Rice-Evans CA and Packer L, Eds. Flavonoids in Health and
Disease(Marcel Dekker, Inc., New York,1998.) pp 469481,

J.C. Davila, A. Lenherr and D. Acosta . Protective effects of flavonoids on drug
induced hepatotoxicity in vitro. Toxicology. 57: 267-286 (1989).

H. Kobuchi, S. Roy, C.K. Sen, H.G. Nguyen, L. Packer. Quercetin inhibits inducible
ICAM-1 expression in human endothelial cells through the JNK pathway. Am. J.
Physiol. 277(3): 403-11(1999).

M.E. Gerritsen, W.W. Carley, G.E. Ranges, C.P. Shen, S.A. Phan. Flavonoids inhibit
cytokine-induced endothelial cell adhesion protein gene expression. Am. J.Pathol. 147
(2):278-92 (1995).

K. Manjeet, B. Ghosh. Quercetin inhibits LPS-induced nitric oxide and tumor
necrosis factor-alpha production in murine macrophages. Int. J. Immunopharmacol.
21:435-43 (1999).

T.L. Wadsworth, D.R. Koop., Effects of the wine polyphenolics quercetin and
resveratrol on pro-inflammatory cytokine expression in RAW 264.7 macrophages.
Biochem. Pharmacol. 57(8):941-49(1999).

M. Sato, T. Miyazaki, F. Kambe, K. Maeda, H. Seo. Quercetin, a bioflavonoid,
inhibits the induction of interleukin 8 and monocyte chemoattractant protein-1
expression by tumor necrosis factor-alpha in cultured human synovial cells. J.
Rheumatol. 24(9):1680-84 (1997).

H. Wei, L. Tye, E. Bresnick and D.F. Birt., Inhibitory effect of apigenin, a plant
flavonoid, on epidermal ornithine decarboxylase and skin tumor promotion in mice.
Cancer Res 50:499-502. (1990).

J. Wenk, P. Brenneisen, C. Meewes, M. Wlaschek, T. Peters. UV-induced oxidative
stress and photo aging. Curr. Probl. Dermatol. 29:83-94(2001).

P. Brenneisen, H. Sies and K. Scharffetter- Kochanek. Ultraviolet-B irradiation and
matrix metalloproteinases: from induction via signaling to initial events. Ann. NY
Acad. Sci. 973:31-43 (2002).

M. Berneburg, S. Grether-Beck, V.Kurten , T. Ruzicka and K. Briviba. Singlet
oxygen mediates the UVA-induced generation of the photoaging-associated
mitochondrial common deletion. J. Biol. Chem. 274:15345-49 (1999).

P.Wolf and A. Young. Photoprotection. In: Dermatological Phototherapy and
Photodiagnostic Methods, (P.R. Bergstresser, Berlin: Springer-Verlag, 2002) pp.
303-26.

MF. Holick. Vitamin D and bone health. J. Nutr. 126:1159-64S. (1996)

F.J. Moloney, S., Collins and G.M. Murphy. Sunscreens: safety, efficacy and
appropriate use. Am. J. Clin. Dermatol. 3:185-91 (2002).

39



Pharmacognosy Reviews
Vol 1, Issue 1, Jan-May, 2007

85.

86.

87.

88.

89.

90.

91.

92.

K.E. Fuller and J.M. Casparian. Vitamin D: balancing cutaneous and systemic
considerations. South. Med. J. 94:58-64 (2001).

L. Packer and G. Valacchi. Antioxidants and the response of skin to oxidative stress:
vitamin E as a key indicator. Skin Pharmacol. Appl. Skin Physiol. 15:282— 90 (2002).
S.R. Pinnell., Cutaneous photodamage, oxidative stress, and topical antioxidant
protection. J. Am. Acad. Dermatol.48: 1-19 (2003).

M. Srinivasan, N. Rajendra Prasad and V.P. Menon, Protective effect of curcumin on
gamma-radiation induced DNA damage and lipid peroxidation in cultured human
lymphocytes. Mutat Res. 26 (20), 67-72. (2006).

J. Zhou, Y.P., Jang S.R. Kim and J.R.Sparrow. Complement activation by
photooxidation products of A2E, a lipofuscin constituent of the retinal pigment
epithelium. Proc. Natl. Acad Sci. Oct, 23-1. (2006).

J. Kim, J.S. Hwang, Y.K. Cho, Y. Han, Y.J. Jeon, and Yang KH., Protective effects
of (-)-epigallocatechin-3-gallate on UVA and UVB-induced skin damage. Skin
Pharmacol. Appl.Skin Physiol. 14:11-19 (2001).

SK. Katiyar. Skin photoprotection by green tea: antioxidant and immunomodulatory
effects. Curr. Drug Targets Immun. Endocr. Metabol. Disord. 3:234-42 (2003).

M. Barthelman, W.B. Bair, K.K., Stickland W. Chen, and B.N. Timmermann.,
Epigallocatechin-3-gallate inhibition of ultraviolet B-induced AP-1 activity.
Carcinogenesis 19:2201-4 (1998).

M. Nomura, W.Y. Ma, C. Huang, C.S. Yang and G.T. Bowden., Inhibition of
ultraviolet B-induced AP-1 activation by the aflavins from black tea. Mol. Carcinog.
28:148-55 (2000).

© 2007 Phcog.Net , All rights reserved.
Available online: http://www.phcogrev.com

94.

95.

96.

97.

98.

99.

Fekdkdddk

PHCOG REV.

An official Publication of Phcog.Net

Z.Y. Wang, R. Agarwal, D.R. Bickers and H. Mukhtar., Protection against ultraviolet
B radiation-induced photocarcinogenesis in hairless mice by green tea polyphenols.
Carcinogenesis 12:1527- 30 (1991).

P.K. Vayalil, C.A. Elmets and S.K. Katiyar. Treatment of green tea polyphenols in
hydrophilic cream prevents UVB-induced oxidation of lipids and proteins, depletion
of antioxidant enzymes and phosphorylation of MAPK proteins in SKH-1 hairless
mouse skin. Carcinogenesis 24:927-36 (2003).

S.K. Katiyar, A. Perez and H. Mukhtar . Green tea polyphenol treatment to human
skin prevents formation of ultravioletlight B-induced pyrimidine dimers in DNA.
Clin. Cancer Res. 6:3864—69 (2000).

C.A. Elmets, D. Singh, K. Tubesing, M. Matsui, S. Katiyar, H. and Mukhtar.,
Cutaneous photoprotection from ultraviolet injury by green tea polyphenols. J. Am.
Acad. Dermatol. 44:425-32 (2001).

S.K. Katiyar, N.J. Korman, H. Mukhtar and R. Agarwal., Protective effects of
silymarin against photocarcinogenesis in a mouse skin model. J. Natl. Cancer Inst.
89:556-66 (1997).

D.F. Birt, D. Mitchell, B. Gold, P. Pour and H.C. Pinch., Inhibition of ultraviolet light
induced skin carcinogenesis in SKH-1 mice by apigenin, a plant flavonoid.
Anticancer Res. 17:85-91(1997).

40



