
Int. J. Pharm. Sci. Rev. Res., 21(1), Jul – Aug 2013; n° 05, 20-33                                                                          ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

20 

                                                                                                                            

 
 

Edewor-Kuponiyi, Theresa Ibibia* 
Ladoke Akintola University of Technology, Ogbomoso, Nigeria. 

*Corresponding author’s E-mail: ibitheresa@yahoo.com 
 

Accepted on: 18-04-2013; Finalized on: 30-06-2013. 
ABSTRACT 

Flavonoids constitute one of the most characteristic classes of natural phytochemicals present in higher plants. The study of 
flavonoids emerged as a result of search for new bioactive compounds. Different plant families have characteristic patterns of 
flavonoids and their conjugates. All these compounds play important biochemical and physiological roles. They are important 
components of human and animal diets. Due to their biological activities their regular consumption may have serious health 
consequences both positive and negative. This study is aimed to undertake a literature review of flavonoids covering the period 
1983-2012. The objective was to contribute to a better knowledge of the beneficial effects of flavonoids. As such, the compilation of 
the accumulated knowledge concerning flavonoids will aid in the evaluation of its pharmacological values. 
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INTRODUCTION 

lavonoids are a group of phytochemicals found in 
different parts of plants. They are known to be 
responsible for colours of many flowers and fruits, 

and protection of plants against pathogens, insects and 
UV B radiation.1, 2 They are also involved in 
photosensitization, energy transfer, the actions of plant 
hormones and regulators, control of respiration, 
photosynthesis, morphogenesis and sex determination3. 
The first set of flavonoids were discovered by Albert-
Szent-Gyorgyi who called them vitamin P4. Some plants 
secrete bioflavonoids that inhibit the growth and 
germination of seeds of nearby plants of a different 
species 5. The widespread distribution of flavonoids, their 
variety and their relatively low toxicity compared to other 
active plant compounds (for instance alkaloids) mean that 
many animals, including humans, ingest significant 
quantities of flavonoids in their diet. Several preclinicals 
and some clinical studies have shown that people who 
take diets rich in foods with flavonoids have reduced risk 
of developing cancer and cardiovascular disease6-11. 
Preclinical studies have been able to show some probable 
mechanisms by which flavonoids may confer cancer and 
cardiovascular protection12. Flavonoids have been 
referred to as "nature's biological response modifiers" 
because of strong experimental evidence of their inherent 
ability to modify the body's reaction to allergens, viruses, 
and carcinogens. The flavonoids comprise a large group of 
plant secondary metabolites which are characterized by a 
diphenylpropane structure (C6-C3-C6) (fig. 1). The two C6 
groups can be substituted or not while the C3 is an 
aliphatic chain which may contain a pyran ring.  

They can occur as O –or C- glycosides or in the free state 
as aglycones with methoxy or hydroxyl groups present on 
the aglycone 13. They are divided into 7 types; flavones, 
neoflavonoids, flavonones, chalcones, xanthones, 
isoflavones and biflavones 14; but some authors have 

classified them according to their biosynthetic origin. For 
e.g. compounds such as chalcones, flavanones, flavan-3-
ols and flavan -3, 4- diols are known to be intermediates 
as well as end products in biosynthesis. Other classes of 
compounds which are only end products of biosynthesis 
are anthocyanidins, proanthocyanidins, flavones and 
flavonols, isoflavonoids, and neoflavonoids. The 
structures of the different types of flavonoid are shown in 
fig 2. 
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Fig. 1: Basic structural feature of flavonoids  
Treatment of diseases with pure pharmaceutical agents is 
gradually losing ground and micro-organisms are 
developing resistance to these drugs. People are turning 
to nature for their healthcare. More research work is on 
going to determine which plants and plant parts can be 
used for the treatment of ailments. Flavonoids have been 
found to possess a variety of biological functions and 
therefore have been the subject of medical research. 
These functions include antimicrobial, anti-inflammatory, 
estrogenic activity, enzyme inhibition, antiallergic activity, 
antioxidant activity15, antitumour activity, vascular 
activity and antimalaria activity. They have also been used 
for the treatment of diabetes mellitus and skin infection. 

Consumers and food manufacturers have become 
interested in flavonoids for their medicinal properties, 
especially their potential role in the prevention of cancer 
and cardiovascular diseases. The beneficial effects of 
fruits, vegetables, and tea or even red wine have been 
attributed to flavonoid compounds rather than to known 
nutrients and vitamins. This article focused on those 
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flavonoids with antiplasmodial, antimicrobial, antioxidant 
and anti-inflammatory activities that are most often 
encountered in nature and for which an analysis of 
possible structure-activity relationship exist. 

METHODOLOGY 

An extensive bibliographic search was undertaken to 
identify works on medicinal plants that contain flavonoids 

published in data banks, periodicals, monographs and 
rare or current texts stored in public and private libraries 
during the period between 1983 and 2012, Chemical 
Abstracts; ICBN - International Code of Botanical 
Nomenclature; FDA - Food & Drugs Administration (USA), 
and similar sources. In addition, proceedings of scientific 
congresses and websites were also consulted. 
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DISCUSSION 

Antiplasmodial activity 

Malaria is known as the most dangerous infection in 
many subtropical and tropical regions of the world 16. The 
malaria parasite is exhibiting increased resistance against 
the available antimalarial drugs. Natural products have 
been known to be useful medicinal agent for the 
treatment of human diseases. Scientists are currently 
working towards obtaining new antimalarial leads from 
subtropical and tropical plants. Discussed here are 
flavonoids that have been shown to exhibit significant 
antiplasmodial activity against the malaria parasite, 
Plasmodium falciparum. 

Morelloflavone and volkensiflavone isolated from 
Endodesmia calophylloides (Guttiferae) were found to be 

active against the W2 chloroquine- resistant strain of 
falciparum with IC50 7.40 ug/ml and 7.60 ug/ml 17. The 
flavonoids citflavanone, ionchocarpol A and 8-
prenyldaizein obtained from the stem bark of Erythrina 
fusca Lour exhibited in-vitro antiplasmodial activity at a 
concentration less than 12.5 ug/ml. It was observed that 
the diprenylated flavanone with IC50 = 3.9 µM was potent; 
while other flavonoids such as lupinifolin and 
rythrisenegalone which were also isolated from the same 
plant part were observed to be inactive18. This shows that 
the position of the prenyl groups in the flavonoid is 
important for it to exhibit anti–plasmodial activity. The 
flavonoids (deguelin, β-hydoxydihydrochalcone  and 
obovatin isolated from Tephrosia elata (fabaceae) were 
observed to  exhibit antiplasmodial activity against 
chloroquine-sensitve Sierra Leone I (D6) and chloroquine 
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resistant Indochina I (W2) strains of P. falciparum. They 
were found to have IC50 values up to 27.60 µM against 
these strains while β-hydroxydihydrochalcone exhibited 
activity with IC50 value of 8.2 ± 0.80 and 16.30 ± 0.90 µM 
against D6 and W2 strains respectively 19. From a series of 
12 biflavonoids isolated from the Indian medicinal plant 
Selaginella bryoptris, two of the biflavones (fig. 3) 
exhibited antiplasmodial activity with IC50 value of 0.30 
and 0 26 µM respectively.  

O

OO H

R 3O

O R 2 O R 4

OO H

R 3 O

C ompound 1  -  R 1 =  H ; R 2 =  CH 3; R 3 =  R 4 =  H
C ompound 2  - R 1 =  C H 3; R 2 =  H ; R 3 =  R 4 =  C H 3

Fig . 3: B iflavones from S elag inella  b ryop tris   
A series of flavone derivatives magiferin and three of its 
derivatives (fig. 4) were isolated from the methanolic 
extract of the leaves of Arrabidacea patellifera 
(Bignoniaceae), a plant that grows in Panama. These 
compounds were found to exhibit moderate 
antiplasmodial activity against chloroquine-sensitive P. 
falciparum 3D7 clone with an IC50 value of 23.80, 26.50, 
18.10 and greater than 38.20 µM, respectively20. 
Piptadenia perillei Varke (Fabaceae) was one of the plants 
screened in Madagascar for antimalarial activity. 
Fractionation of the ethyl acetate extract of the leaves led 
to the isolation of (+)- catechin, (+)-catechin 5-gallate and 
ethyl gallate. (+)-catechin-3- and (+)-catechin-5-gallate 
exhibited antiplasmodial activity against chloroquine-
resistant strain FcB1 of P. falciparum with IC50 values of 
1.2 µM and 1.0 µM respectively, while (+)-catechin did 
not have any significant activity. The researchers 
observed that the activity of these compounds was 
associated with the presence of gallate ester.  Luteolin 
which was among a series of common dietary flavonoids 
screened for antiplasmodial activity against the growth of 
2 strains of P. falciparum was observed to be the most 
potent with an IC50 values of 11.0 ± 1.0  and 12. 0 ± 1.0 
µM for chloroquine-sensitive (3D7) and chloroquine-
resistant (7G8) respectively. It was found to prevent the 
progression of growth of the parasite beyond the young 
trophizoite stage but did not affect the parasite’s 
susceptibility to the malarial drugs chloroquine and 
artemisinin 21. 

Cytotoxicity 

 Cytotoxicity is a degree of specificity to which an agent 
can destroy a particular cell. Cells treated with the 
cytotoxic agent may undergo necrosis in which they lose 
membrane integrity and die rapidly as a result of cell lysis. 
The active growth and division of the cells can stop or the 
cells can activate a genetic program to control the death 
of cells. Compounds that have cytotoxic effects often 
compromise cell membrane integrity 1.  

Damage from reactive oxygen species was proposed as 
being responsible for carcinogenesis. Damage of the DNA 
and division of cells with unrepaired or mis-repaired 
damaged cells can lead to mutation and possibly increase 
the exposure of DNA Mutagens. Stefani et al showed that 
flavonoids can inhibit carcinogenesis. Fotsis et al stated 
that flavonoids such as luteolin, apigenin and Fisetin are 
potent cell proliferation inhibitors. Researchers who 
carried out clinical study to determine the relation 
between flavonoid (quercetin) intake and incidence of 
lung cancer suggested an inverse association between 
them24. Caltagirone et al showed that quercetin and 
apigenin inhibited the growth of melanoma and also 
influenced the invasive and metastatic potential in mice. 
Meanwhile the flavonoids (kaempferol, 3-O-3'', 6''-di-O-p-
hydroxy cinnamoyl-β -galacto-pyranosyl kaempferol, 6''-
O-p-hydroxy cinnamoyl-β-galactopyranosyl kaempferol) 
were shown to exhibit significant anti-proliferative action 
when compared to quercetin. These flavonoids showed 
inhibitory and non-selective effects on DNA-
topoisomerase I and II 26. 

The following prenylated flavonoids were obtained from 
the root bark of Berchemia discolor obtained from 
Tanzania: (6aS, 11aS)-2-hydroxyleiocarpin, discoloranone 
A (5, 2'-dihydroxy-3', 4'-methylenedioxy-3'', 3''-
dimethylpyrano [7, 8] isoflavanone), isodiscoloranone A 
((3S)-5, 2'-dihydroxy-3', 4'-methylenedioxy-3'', 3''-
dimethylpyrano [6, 7] isoflavone), discoloranone B ((3S), 
5, 2', 3' –trihydroxy-4'-methoxy-3''-methyl-3''-(4-
methylpent-3-enyl)pyrano [7, 8] isoflavanone), 
isodiscoloranone B ((3S)-5, 2', 3'-trihydroxy-4'-methoxy-
3''-methyl-3--(4-methylpent-3-enyl) pyrano [6, 7] 
isoflavanone); alongside with nitidulin, amorphigenin  and 
dabinol, but only discoloranone B, nitidulin and dabinol 
exhibited cytotoxic activity (ED50 = 5µg/mL) for one or 
more cell lines while nitidulin was active in 3 human 
cancer cell lines.  
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Nitidulin, dabinol and amorphigenin exhibited cytotoxicity 
when evaluated against small panel of human cancer 
cells. Nitidulin was found to be active against LNCaP 
(human hormone-dependent prostate cancer) cells 
implanted intraperitonially at doses of 10, 20 and 40 
mg/Kg 5. 

Antioxidation 

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. These species 
are produced in an organism during oxygen metabolic 
reactions or are induced by exogenous damage 27 that 
contributes to the development and maintenance of 
cellular life 28. Body cells and tissues are continuously 
threatened by the damage caused by these free radicals 
due to reaction with endogenous molecules such as DNA, 
proteins and lipids. Flavonoids have been found to have 
an additive effect to endogenous scavenging compounds 
and can interfere with three or more different free radical 
producing systems29. Korina and Afanas’ev observed that 

flavonoids can prevent injuries caused by free radical by 
reacting with the reactive compound of the radical. This 
could be achieved due to the high reactivity of the 
hydroxyl groups on the flavonoids30. By directly 
scavenging radicals flavonoids can inhibit LDL oxidation 
in-vitro thereby protecting the LDL particles which could 
result in the prevention of atherosclerosis31. Several 
flavonoids have been reported to interfere with inducible 
nitric oxide synthase activity; in that a high concentration 
of nitric oxide produced by inducible nitric oxide synthase 
in macrophages can result in oxidative damage32, 33. 
Xanthine oxidase is another pathway to the oxidative 
injury of tissues, especially after incheria reperfusion34. 
Flavonoids such as quercetin, luteolin and silibin have 
been found to inhibit xanthine oxidase activity, resulting 
in a decrease in oxidative injury37. Apart from these 
compounds other flavonoids such as apigenin 6-C-(2''-O-
galloyl)-β-D-glucopyranoside, apigenin 8- C-(2''-O-galloyl)-
β-D-glucopyranoside isolated from Terminalia catappa 
(Combretaceae) showed significant antioxidative effects 
with IC50 values of 2.1 and 4.5 µM respectively38. 3, 5, 7, 
4'-tetrahydroxy-2'-methoxyflavone was also shown to 
possess an antioxidative effect 39. 
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Antifungal activity 

Fungi are eukaryotic organisms. Despite the fact that they 
include some of the most important organisms both in 
terms of their ecological and economic roles; they also 
cause a number of plant and animal diseases. Several of 
these diseases may be fatal if not treated. Antifungals are 
agents that preferential destroy the fungi cells without 
any adverse effect on the host. The following flavonoids 
have been shown to possess the ability to destroy fungal 
cells without any dangerous effect on the host. The 
flavonoids 4'-methoxykaempferol-7-(acetyloxy-3. 5-O-α-) 
- L-rhamnoside, apigenin 7-O-methoxyquercetin and 
quercetin were isolated from the leaf extract of Chiococca 
braquita (Rubaceae). The pure flavonol exhibited weak 
activity on C. cladosporioides. It was noted that a 
combination of the isolated compounds gave an 
enhanced activity against the fungus, but the activity was 
lost when apigenin 7-O-methoxyquercetin was absent 
from the mixture40.  A prenylated flavanone identified as 
5, 7, 4'-trihydroxy-8-methyl-6-(3-methyl-2-butenyl)-(2S)-
flavanone isolated from Eysenhardtia toxana showed 
ability to inhibit Candida albacans41. The flavan 7-
hydroxy-3', 4'-(methylenedioxy) flavan isolated from 
Terminalia belleria fruit rind was also active against 
Candida albacans 42. Three flavones (6, 7, 4'-trihydroxy-3', 
5'-dimethoxy flavone; 5, 5'-dihydroxy-8, 2', 4'-
trimethoxyflavone and  5, 7, 4'-trihydroxy-3', 5'-
dimethoxy flavone) were reported as being potent 
against Aspergillus flavus43. The flavonol, galangin was 
reported to have inhibitory activity against Aspergillus 
tamari, Aspergillus flavus, Cladosporium 
sphaerospermum, Penicillum digilatum and Penicillum 
italicum44, 45. 

Anti-inflammatory activity 

Inflammation is a fundamental contributor to diseases 
such as cancer, e.t.c. it is a last resort response to injury 
of tissue Ischemia, anti immune response or infectious 
agents. For a compound to possess an anti-inflammatory 
activity, it must have the ability to inhibit the increase in 
the number of fibro-blast during granular tissue 
formation. Lipoxygenase and cyclooxygenase are known 
inflammatory mediators which are involved in the release 
of arachidonic acid. Neutrophils containing lipoxygenase 
provoke the release of cytokines and produce 
chemotactic compounds from arachidonic acid. Some 
researchers have shown that some flavonoid compounds 
(quercertin in particular) can inhibit both the 5-
lipoxygenase and cyclooxygenase pathways24, 46, 47, 
thereby reducing the release of arachidonic acid 48, 49. 
They can also inhibit neutrophils degranulations which is 
a direct way of reducing the release of arachidonic acid. 
Tyrosine-3-monoxygenase kinase is an integral membrane 
protein which is involved in enzyme catalysis, 
transduction of signals that function as receptors of 
hormones and growth factors, energy transfer in ATP 
synthesis and transport across membranes. It was 
observed that some flavonoids have the ability to inhibit 

these proteins resulting in the inhibition of uncontrolled 
cell grow and proliferation 50.  

Another anti-inflammatory effect of flavonoids is their 
ability to inhibit both cytosolic and eicosanoid synthesis 
which are end products of cyclo-oxygenase and 
lipoxygenase pathways and are involved in several 
immunologic responses 51. Apart from quercetin, 
flavonoids such as 5-hydroxy-7-methoxy -2-methyl 
chromone and apigenim-7-O-β-D-glucoronide isolated 
from the leaves of Marchantia convoluta 
(Marchantiacese) 52 and 4' –kaempferol -7-(acetyloxy-3-5-
O-α-L-rhamnoside, apigenin 7-O-methoxy quercetin and 
quercetrin isolated from Chiococca braquiata (Rubiaceae) 
were shown to exhibit anti-inflammatory effects 40. 

Morusin, Kuwanon C, sanggenon B, sanggenon D and 
kazinol B were shown to exhibit moderate inhibitory 
activity on COX-2. Their IC50 values were greater than  
73.0 µM.  The prenylated flavonoids lonchocarpol A was 
shown to act as mixed inhibitor of COX-1/COX-2. It 
exhibited some selective inhibition alongside with 
tomentosanol against COX-2 over COX-153, 54. So far only 
wogonin has been shown to selectively inhibit COX-2 over 
COX-1 55. 

Kaempferol, quercetin and myricetin were found to 
inhibit 5-LOX more than 12-LOX. But their inhibitory 
power was observed to be higher than that of flavones 
except for that of cirsiliol 47 and its analogues. Quercetin, 
hibifolin and quercetagetin-7-O-glucoside were found to 
inhibit 12-LOX strongly; also did flavones such as 5, 6, 7-
trihydroxyflavone (baicalein), hypolaetin and 
sideritoflavone. However, the flavanone such as 
naringenin did not inhibit both 5- and 12-LOXs indicating 
the importance of C-2, 3 double bond.  The flavonoids, 
quercetin, fisetin and kaempferol were observed to 
strongly inhibit 12-LOX from mouse epidermis 56. The 
artonins were observed to be the most potent inhibitors 
of 5-LOX purified from porcine leukocytes with IC50 in the 
range of 0.36-4.3 µM but showed less inhibitory activity 
on 12-LOX 57. The flavonoids sophoraflavanone G and 
kenusanone  A significantly inhibited 5-LOX with IC50 
values ranging from 0.09-0.25 and 0.5-0.9 µM 
respectively; while the flavanols kuraridin, papyriflavonol 
A, sanggenon B  and sanggenon D showed moderate 
inhibition. The prenylated flavonoids, sophraflavanone G, 
kuwanon C and papyriflavonol A showed moderate 
inhibition against 12-LOX with IC50 values of 20, 19 and 29 
µM respectively 58. 

Three types of NO have been identified (endothelial NOS 
(eNOS), neuronal NOS (nNOS) and inducible NOS (iNOS)). 
Quercetin was found to exhibit weak inhibitory activity on 
eNOS at high concentration (IC50 = 220 µM) 59 but did not 
show any significant inhibition against nNOS and iNOS; 
while rutin, hesperidin, catechin and tricin did not inhibit 
any of the isoforms of NOS; but echinoisosophoranone 
significantly inhibited iNOS at reasonable 
concentrations.60 
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Genistein was shown to inhibit LPS-induced NO 
production in microphages61, but apigenin, quercetin and 
morin were shown to inhibit NO production from 
LPS/interferon (IFN)-γ-activated C6 astrocytes 62. 
However, it was observed that catechins and flavones 
were not active up to a concentration of 100 µM. On the 
other hand, flavonoid glycosides such as vitexin did not 
give any significant inhibition on NO production up to 100 
µM. It was shown that flavones exhibited a stronger 
inhibition of NO production than flavonols. This shows 
that the C-2, 3 double bond is important for the inhibition 
of NO production. The hydroxyl substitutions on rings A 
and B also have significant influence on the inhibitory 
activity. It was also observed that the ring A, 5,-/7- and 
ring B 3'-/4' hydroxylations gave favourable results while 
C-3 hydroxylation in the flavonol did not. It was also 
demonstrated that these flavonoids did not actually 
inhibit iNOS activity but strongly suppressed its 
expression 63. From the dichloromethane extract of T. 
microphyllum aerial parts were isolated 5, 7, 3', tri 
hydroxy-3, 6, 4’-trimethoxy flavone and 5, 3'-dihydroxy-
4’-methoxy-7-carbmethoxy flavanol. Both compounds 

were shown to exhibit anti-inflammatory activity 64, 65. The 
anti-inflammatory activity of hypolaetin-8-O-β-D-
glucoside and sidevitoflavone from Spanish Sidevitis 
gossypin and hibifolin from Indian medicinal plants were 
reported 46. Quercetin was found to inhibit PLA2 obtained 
from rabbit peritoneal neutrophils with an IC50 range 57-
100 µM and selectively inhibited group II SPLA2 from 
Vipera russelli with less inhibition of PLA2 from porcine 
panceas, PLA2I-B. The flavanones – hesperatin, narigenin 
and flavanone showed a lesser inhibition on snake venom 
PLA2 than the flavonols such as kaempferol, quercetin and 
myricetin. This shows that the presence of C-ring-2, 3 
double bond is important 66. Several biflavonoids such as 
ochnaflavone, aminoflavone, ginkgetin and isoginkgetin 
exhibited inhibitory activity against sPLA2 –II A from rat 
platelets at micromolar concentrations with some 
selectivity over PLA2-IB, with IC50 values within 10 µM67. 
Ochnaflavone68-70, was observed to inhibit sPLA2-IIA non 
competitively. Also morelloflavone was shown to possess 
inhibitory activity against sPLA2 

71. A prenylated flavonoid, 
papyriflavonol A isolated from Broussoneta papyrifera 
was shown to selectively inhibit PLA2 –IIA but less active 
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against PLA2 –IB 72. Ginkgetin and bilobetin were found to 
repeatedly inhibit group II sPLA2 from several sources 73. 
Polyhydroxylated flavonoids such as quercetagetin, 
kaempferol-3-galactoside and scutellarin were shown to 
strongly inhibit group II human recombination PLA2 with 
less inhibition against Naja Naja PLA2 and PLA2-IIB. Their 
IC50 values range from 10-30 µM74. 

Flavone with several of its derivatives such as apigenin 
were found to be COX inhibitors while some flavonol 
derivatives such as quercetin and myricetin were found to 
preferentially inhibit LOX. It was observed that the 
reduction of C-2, 3 double bond and glycosylation 
reduced the inhibitory effect. The flavonoids such as 
quercetin and xanthomicrol were found to inhibit sheep 
platelet COX-1. Also the flavones such as cirsiliol, 
hypolaetin and diosmetin were shown to inhibit sheep 
platelet COX-1 with IC50 value more than 100µM 75. The 
isoflavone, tectorigenin showed weak inhibitory activity 
against COX-176. Chalcones having a 3, 4-
dihydroxycinnamoyl moiety were reported to inhibit COX 
but were more active in LOX56. Prenylated flavonoids such 
as morusin and kuwanon C showed strong inhibition on 
COX from rat platelets 77. Also sanggenin D inhibited 
COX78. Other prenylated flavonoids such as 
cycloheterophyllin, broussochalcone A, broussoaurone A 
and broussoflavonol F inhibited platelet aggregation and 
COX from ram seminal vesicle with an IC50 ranging from 
17.5-26.1 µg/ml 79. The prenylated flavonoids kuranridin, 
kurarinone and sophraflavanone G were found to possess 
potent COX-1 inhibitory activity from borine platelets 
homogenate (IC50 = 0.1-1.0 µM). Amentiflavone which is a 
biflavone gave a strong inhibition against COX-1 guinea-
pig epidermis with an IC50 value of 3.0 µM while ginkgetin 
did not show any significant inhibitory activity against 
COX and LOX49. Several flavan-3-ols such as catechin and 
4'-methylgallocatechin exhibited weak activity at high 
concentrations (>100 µM) on COX-2.80 Quercetin showed 
moderate inhibitory activity on COX-2 and exhibited low 
selectivity over COX-1.81 

Kong et al in their determination of structure-activity 
relationship of some flavonoids noted that the number of 
hydroxyl groups in the A and B rings might promote the 
activity of the flavonoid while loss of C-2 – C-3 double 
bond might reduce activity. The flavones (Chrysin, 
apigenin, luteolin, diosmetrin, baicalein, baicalin and 
tangeretin), flavonols (kaempferol, quercetin, myricetin, 
and quercetagetin), a flavanone (navingenin), an 
isoflavone (genestein), a flavanodiol (taxifolin) and other 
analogues (quecetin-3-β-D-glucoside, geguetin and 
casticin) were used for the analysis. For the flavones, 
luteolin exhibited the highest activity. Correlating their 
activities with their chemical structures showed that the 
activity is increased as the number of the hydroxyl groups 
in ring B increased. For the flavonols, the number of 
hydroxyl groups in both rings A and B gave a positive 
effect on their activity. But the existence of OH groups in 
ring C might not increase the activity. Also it was 
observed that glucosidation at C-3 might decrease 

potency. With the flavanone the loss of C2-C3 double 
bond might decrease the inhibiting potency. Also, the 
presence of a hydroxyl group might be a must for a PI3ka 
inhibitory activity of flavonoids. Rao et al showed that 
ternatin, a tetramethoxyflavone isolated from the 
Brazilian medicinal plant Egletes Viscosa L. possess anti-
inflammatory activity. Ueda et al investigated the effect 
of flavones (luteolin, apigenin and chrysin), flavonol 
(quercetin and myricetin), flavanonol (taxifolin) and 
anthocyanidin (cyanidin chloride) in-vitro on several 
inflammatory models. Their results showed that oral 
administration of luteolin was the most suitable and that 
the introduction or removal of a hydroxyl group may 
cause lose of efficacy. Investigation of Viscum album L. 
led to the isolation of five flavonoids (5, 7-
dimethoxyflavanone 4'-O-β-D-glucopyranoside; 2'-
hydroxy-4', 6'-dimethoxy chalcone-4-O-β-D-
glucopyranoside; 5, 7-methoxy-flavanone-4'-O-2''-O-(5'''-
O-trans-cinnamoyl)-β-D-apio-furanosyl)-β-D-
glucopyranoside; 2'-hydroxy-4'-β-di   methoxychalcone-4-
O-2''-O-(5'''-O-trans-cinnamoyl)-β-D-apio furanosyl-β-D-
glucopyranoside and 5, 7-dimethoxyflavanone-4'O-β-D-
apiofuranosyl (1→2) β-D-glucopyranoside. The 
compounds 2'-hydroxy-4', 6'-dimethoxy chalcone-4-O-β-
D-glucopyranoside and 5, 7-dimethoxyflavanone-4'O-β-D-
apiofuranosyl (1→2) β-D-glucopyranoside were shown to 
possess anti-inflammatory effects in a 30 mg/kg dose 
without any remarkable acute toxicity and gastric damage 
85. Hussain et al showed that flavonoids such as silymann 
inhibits the expression of pro-inflammatory molecules in 
animal models and human studies. They suggested that 
the modulation of pro-inflammatory mechanisms is one 
of the actions mechanics that may explain the anti-
inflammatory activity of flavonoids. Flavonoids have been 
found to  inhibit transcription factors such as NF-KB and 
activate protein-1(AP-1), as well as activation of nuclear 
factor- erythroid 2- related factor 2 (Nrt2). 87. Zheu et al 
isolated trifolirhizin, a pterocarpan flavonoid from the 
roots of Sophora flavonscens. This flavonoid was found to 
dose-dependently inhibit LPS- induced  expression of pro-
inflammatory cytokines including tumor necrosis factor -
(TNF-α) and inter-leukin-6(IL-6) and lipopolysaccharide 
induced expression of cyclooxygenase-2(COX-2). 

The anti-inflammatory activity of flavonoid fraction 
obtained from the stem back of Butea monosperma was 
attributed to the presence of the isoflavones genistein 
and prunetine. They were observed to modulate 
cyclooxygenase and lipoxygenase enzymes and augument 
anti-oxidant defense system in the inflammation bearing 
rat.89 

In a wide variety of chronic human diseases such as 
Cardio-vascular diseases and Cancer, inflammation has 
been known to play a key role. It has been demonstrated 
that pro-inflammatory cytokines, cyclooxygenase -2(COX-
2), and free radical species interact in a complex manner 
in an inflammation environment. 

The inhibition of these expressions and production of 
power mediators by anti-inflammatory components 
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might represent a possible preventive or therapeutic 
target, and may be used to develop anti-inflammatory 
neutraceuticals for health promotion and disease 
prevention. 

Antibacterial activity 

Bacteria are a large group of prokaryotic microorganisms. 
These microorganisms were first discovered by Anloric 
van Lecuwenhoek in 1676 14. Most of these bacteria that 
get into the body are rendered harmless by the body’s 
immune system and a few of them have been shown to 
possess some beneficial properties. However a few 
species are pathogenic and are the major cause of human 
diseases that could be infectious and may result in human 
death163.                                                                                                                                            
Bacteria have been classified into two groups based on 
the stain developed by the Danish physician Hans 
Christian Gram in 1884 91. The Gram stain is important 
because bacteria have different susceptibility to 
antibiotics92. The Gram-positive possess a thick cell wall 
that contains many layers of peptidoglycan and teicheic 
acid while the Gram-negative bacteria have a relatively 
thin cell wall consisting of a few layers of peptidoglycan 
which is surrounded by a second lipid membrane 
containing lipopolysaccharides and lipoproteins 75.  

From the 20th century there was great advancement in 
the discovery, development and clinical use of antibiotics 
that resulted in a decrease of rate of mortality from 
bacterial infections. However there has been a decline in 
the introduction of new antibiotics probably due to the 
huge investment involved in developing and testing of 
new drugs. There is also the problem of increased 
resistance of bacteria to existing antibiotics 2.  A renewed 
effort is in place to determine and produce new 
antibacterial agents that are effective against pathogenic 
bacteria which are resistant to current antibiotics.                                                                                                
A lot of research work has been documented concerning 
the antibacterial activity of flavonoids. Crude extracts 
from plants used in traditional folk medicine has been 
screened for antibacterial activity 93-103. Some researchers 
took a step further to isolate and identify the specific 
flavonoids that are responsible for the exhibited 
antibacterial activity. Fang et al  reported the isolation of 
the following  prenylated flavanone glycosides from the 
rhizomes of Cyclosorus acumintus (Houtti) Nakai 
(Thelypteridaceae): (2S), 5, 7, 5'-trihydroxyflavanone 2'-O-
β-D-glucopyranosyl-(1→3)-α-L-2-O-
acetylrhamnopyranoside; (2S), 5, 7, 5'-
trihydroxyflavanone2'-O-β-D-6-O-glucopyranosyl-(1→3)-
α-L-2-O-acetyl rhamnopyranoside; (2S), 5, 7, 5'-trihydroxy 
flavanone 2'-O-β-D-2, 6-di-O-acetylglucopyranosyl-(1→3)-
α-L-2-O-acetylrhamno pyranoside; (2S), 5, 7, 5'-
trihydroxyflavanone2'-O-β-D-3, 6-di-O-acetyl 
glucopyranosyl-(1→3)-α-L-2-O-acetylrhamnopyranoside; 
(2S), 5, 7, 5'-trihydroxyflavanone2'-O-β-D-4,6-
glucopyranosyl-(1→3)-α-L-2-O-acetylrhamno pyranoside 
and 3, 4, 6-tri-O-acetyl glucopyranosyl-(1→3)-α-L-2-O-
acetyl rhamnopyranoside. These compounds showed 
weak antibacterial activity against. S. aureus, E. coli and 

moderate inhibitory activity against Streptococcus 
pneumoniae and Hamophilus inflenzae. The flavonoid 
from Marchantia convoluta (Marchantiacee) inhibited 
Coli bacillus, typhoid bacillus, Staphylococcus aureus, 
Bacillus enteritidis, hemolytic streptococci type B and 
Diplococcus pneumoniae. Pinocembrin isolated from 
Cleistochlamys kirkii 105 and Mitrephora maingayi 106 
showed moderate inhibition against S. aureus at low 
concentration of 0.1 µg/ml 107, but weak inhibition against 
P. phaseolicola. Other researchers have also determined 
the antibacterial activity of this compound 108, 109. 
Apigenin  was observed to inhibit P. vulgaris, Ps. 
aeruginosa, E. coli. B, subtilis and K. pneumoniae with MIC 
ranging from 54-219 µg/ml 110-118. But Basile et al  noted 
that apigenin acted selectively only toward certain Gram-
negative bacilli: Proteus vulgaris, Proteus mirabilis, Ps 
aeruginosa, E. coli, Klebsiella pneumonia and eterobacter 
cloacae. However they were not active against the Gram-
positive cocci S. aureus and Entrococus faecalis. Other 
compounds that were shown to exhibit similar activity 
were vitexin, saponarin, luteolin 2-O-glycoside and 
luteolin 7-O-glycoside.  It was also reported that chrysin 
(a flavone) inhibited the growth of the negative bacilli E. 
coli and Ps aeruginosa at a rate that was comparable to 
that of streptomycin. On the other hand, baicalein which 
possess an extra hydroxyl at C-6 did not inhibit the 
growth of Gram- negative bacteria. It was active against 
Bacillus subtilis and Staphylococcus aureus119. The 
flavanones: naringenin, taxifolin and dihydrokaempferide 
were evaluated for their antibacterial activity. It was 
observed that only naringenin showed inhibitory activity 
against E. coli, S. aureus and E. facaecalis 120. Wachter et 
al showed that  5, 7, 4'-trihydroxy-6-methyl-8-
isoprenylflavanone and 5, 7, 4'-trihydroxy-8-methyl-6-
isoprenylflavanone can inhibit the growth of S. aureus at 
a concentration of 0.1mg/ml. Flavanones such as 5, 3'-
dihydroxy-4'-methoxy-6'', 6''-dimethylchromeno-(7, 8, 2'', 
3'') flavanone and 5, 7, 4'-trihydroxy-6, 8-di-(3-methylbut-
2-enyl) flavanone were reported to be potent against 
both Gram-positive and Gram-nagative bacteria 121. A 
series of researchers carried out some test on quercetin 
and its derivatives and it was observed that quercetin-3-
O-rhamnoside exhibited the strongest inhibitory activity 
against Pseudomonas maltophilia and E. cloacae  and 
quercetin 3-arabinopyranoside-2''-gallate inhibited the 
growth of E. coli, while the other derivatives did not show 
any significant activity against the bacteria screened95, 

110,117, 122-129. The researchers who worked on 
isoflavanones showed that those with prenylated  groups 
gave the highest inhibition activity against S. aureus and 
B. subtilis especially those that have the prenyl group at 
positions C-6 or C-8 in ring A and C-3' or C-5'  in ring B 130, 
131. It was noted that among a series of acylated 
kaempferol-3-O-glucosides tested against the Gram-
positive bacteria Bacillus cereus, Staphylococcus 
epidermidis and Staphylococcus aureus; that the most 
effective among them were those compounds that 
possess one or two cis-p-coumaroyl groups 95,110, 126, 132, 

135. Mitrokosta et al showed that the acylated flavonols, 
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tiliroside and plantanoside were active against the Gram-
positive cocci S aureus, S. epidermidis and Groups B and F 
streptococci. They were also active against the Gram-
negative bacilli E. coli, Ps. aeruginosa and K. pneumoniae. 
The activity of tiliroside was stronger than that of 
plantanoside which was weakly active. A series of 
aglycones of flavones, isoflavones, flavonols, and 
flavanones were tested against P. vulgaris and S. aureus. 
The most active among them were myricetin, morin 
quercetagetin, datiscetin and robinetin. Myricetin and 
robinetin exhibited the highest activity against S. aureus 
(MIC = 100mcg/ml) while myricetin was the only one 
active against P. vulgaris. The other flavonoids studied 
chrysin, luteolin, apigenin, apigenin 7, 4' dimethylether, 
kaempferol, eriodictyol, hesperidin and taxifolin did not 
inhibit the growth of the bacteria used. It was also 
reported that the lipophilic compound 7, 8-
dihydroxyflavone exhibited weak activity against S. aureus 
and no activity against P. vulgaris.  It was noted that the 
weak activity was as a result of the high lipid content of 
the cell wall of P. vulgaris which could have trapped the 
tested compound whereas the cell wall of S aureus is 
penetrable due to lack of a lipid layer134. Other flavonoids 
have also been isolated that exhibit antibacterial activity. 
For example, apigenin118, galangin45, 131, 135, 137, 138 
sophoraflavonone G and it derivatives, naringin and 
naringenin 95, 122, 139-142, Epigallocatechin gallate and its 
derivatives 143, 144, flavones and flavanones 43, 95, 135, 145-148 
were active against MRSA. Epigallocatechin was also 
found to be active against S. epidermidis a skin bacterium 
149. Luteolin and its 7-glucoside derivative114, 118, 150, 
flavones glycosides 142, 151, 152, isoflavones 153, 154, 

isoflavanones131, isoflavans 155, flavonols 135, 156, 157, 
flavonol glycosides 142, 158-160, and chalcones 145, 154, 161 are 
also flavonoids reported to possess antibacterial activity. 

Anti-viral activity 

Viruses are microorganisms that cause a number of 
diseases in animals including humans. Once in contact 
with a host deposits its genetic material into the host. The 
infected cell then ceases from its usual function and starts 
producing more viral protein and genetic material. The 
new viruses can self assemble and burst out of the cell 
killing the cell and then infecting other nearby cells.  
Antiviral agents function by inhibiting the virus before it 
enters the cell, stop its reproduction or prevent it from 
leaving the infected cell. The anti-viral activity of 
flavonoids has been reported by researchers 162-164. Some 
of the viruses reported to be affected by flavonoids are 
HIV, parainflenza, herpes simplex virus, adenovirus, and 
respiratory syncytial virus. Flavonoids have shown great 
ability to interact with these viruses at different stages in 
the replication cycle of the virus. Some flavonoids have 
been shown to inhibit the intracellular replication of 
viruses while others inhibited the infection process of the 
viruses. It was also observed that flavonoids in their 
glycone form exhibited better potency in their inhibiting 
effect against rotarvirus infectivity than those in their 
aglycone form 165. 

Human immunodeficiency virus (HIV) 

Research on flavonoids that can inhibit the human 
immunodeficiency virus (HIV) has increased of recent. In-
vitro studies have shown that acacetin-7-O-β-
galactopyranoside and chrysin exhibit high anti HIV-1 
activity with relatively low toxicity. It was observed that 
replacement of the methoxy group  at C4' with the 
hydroxyl group significantly reduced the anti- HIV 
property of this compound while the addition of a second 
sugar moiety as in acacetin 7-O-(6''-rhamnopyranosyl)-β- 
galactopyranoside completely destroyed the anti-HIV 
effect, meanwhile Iuteolin and its acetate derivatives 
were shown to exhibit similar anti-HIV activity but were 
found to be more toxic, a comparison of the activity of 
Iuteolin and quercetin showed that the addition of a 
hydroxyl group at C-3 significantly reduced their activity 
166, Baicalein have been shown to have the ability to 
inhibit HIV-1 reverse transcriptase while flavones-O-
glycoside can antagonize it 167. The inhibition by baicalein 
was observed to be specific which shows that it is less 
toxic to the DNA and RNA polymerases and therefore 
their interaction with HIV-1 enzyme is believed not to be 
specific 168. Biflavonoids made up of two apigenin units 
such as robustaflavone, amentoflavone, agathis flavones 
and hinokiflavone demonstrated significant activity 
against HIV-1 reverse transcriptase with IC50 values of 65, 
119, 1000 and 62 mcg/ml respectively; while biflavonoids 
made up of flavanone and flavones such as 
Morelloflavone and volkseniflavone exhibited moderate 
to weak activity. Meanwhile, biflavonoids that linked C-3 
to C-8 were moderately active, while those made up of 2 
naringenin units linked through ring A (rhusflavanone and 
succedaneaflavanone) were observed to be inactive. 
Apigenin exhibited inhibitory activity of IC50 =443mcg/ml 
while naringenin showed a moderate inhibition of HIV-1 
transcriptase 169.  Knin et al reported that quercetin 3-O-
(2', 6'-digalloyl)-galactoside and quercetin 3-O-(2’- 
galloyl)arabinoside) inhibited HIV-1 integrase and 
affected its penetration into the host cell. This shows that 
the inhibition of integrase can prevent the replication of 
viruses and can be effective in the treatment of AIDS 172. 
Ribinetin, myricetin, baicatin and quercetagetin were also 
active against HIV-I integrase 173 But that of Myricetin and 
quercetagenin were observed to be non-specific 174. 

Toxicity 

Due to the fact that flavonoids are widely distributed in 
consumable plants, it has been suggested that they are 
likely to have minimial toxicity. It was discovered that 
high doses of quercetin over several years might result in 
the formation of tumor cells in mice. However, other 
long-term studies did not show any correlation between 
flavonoids and carcinogenicity 175. Other researchers have 
shown that flavonoids have antimutagenic effect in-
vitro176-177. These conflicting data on flavonoids show that 
there is need for individual flavonoids to be accessed for 
toxicity since the selectivity of flavonoids for eukaryotic 
enzymes appear to vary from compound to compound178. 
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CONCLUSION  

In recent years, the number of new synthetic drugs 
entering the market has been low probably due financial 
challenges in that respect in the pharmaceutical 
industries. Moreover synthetic drugs have been shown to 
be toxic and/or possess adverse side effects. In order to 
overcome these challenges scientists have shifted their 
attention to natural products such as flavonoids in order 
to meet up with health challenges. This class of 
phytochemicals has been found to possess potential 
health benefits. However, most of the research work has 
been on in-vitro studies which have minimial impact due 
to the non-physiological concentrations utilized. Also 
compounds with weak inhibitory effects can be 
structurally adjusted in order to increase its activity. This 
means that scientists should find a way of synthesizing 
these bioactive compounds and introduce other 
substituents which might increase the activity.  It is 
believed that renewed scientific efforts using human trials 
with pure flavonoids and the appropriate placebo will go 
a long way to provide new insight into the beneficial 
effects of flavonoids and which might eventually lead to 
the development of new class of bioactive compounds.   

REFERENCES 

1. Abad MJ,Bermejo P, Villar A, Valverde S, Anti-inflammatory activity 
of two flavonoids from Tanacetum microphyllum, J. Nat. Prod., 56, 
1993, (7): 1164-1167. 

2. Afolayan AJ, Meyer JJ, The antimicrobial activity of 3, 5, 7-
trihydroxyflavone isolated from the shoots of Helichrysum 
aureonitens, J Ethnopharmacol, 1997;57: 177–181. 

3. Aladesanmi AJ, Sofowora A, Leary JD, Preliminary biological and 
phytochemical investigation of two Nigerian medicinal plants, Int J 
Crude Drug Res., 24, 1986,147–153. 

4. Alcaraz LE, Blanco SE, Puig ON, Tomas F, Ferretti FH, Antibacterial 
activity of flavonoids against methicillin-resistant Staphylococcus 
aureus strains, J Theor Biol., 205, 2000, 231–240. 

5. Alcaraz MJ, Hoult JRS, Actions of flavonoids and the novel anti-
inflammatory flavones, hypolaetin-8-glucoside, on prostaglandin 
biosynthesis and inactivation, Biochem Pharmacol,. 34, 1985, 
2477-2482. 

6. Ali RM, Houghton PJ, Raman A, Hoult JRS, Antimicrobial and anti-
inflammatory activities of extracts and constituents of Oroxylum 
indicum, Phytomedicine, 5, 1998, 375-381.  

7. Aljancic I, Vajs V, Menkovic N, Flavones and sesquiterpene lactones 
from Achillea atrata subsp. multifida: antimicrobial activity, J Nat 
Prod 62, 1999, 909–911. 

8. Al-Saleh FS, Gamal El-Din AY, Abbas JA, Saeed NA, Phytochemical 
and biological studies of medicinal plants in Bahrain: family 
Chenopodiaceae. Part 2, Int J Pharmacogn., 35, 1997, 38–42. 

9. Arima H, Danno G, Isolation of antimicrobial compounds from 
guava (Psidium guajava L.) and their structural elucidation, Biosci 
Biotechnol Biochem, 66, 2002, 1727–1730. 

10. Bae EA, Han MJ, Lee M, Kim DH, In vitro inhibitory effect of some 
flavonoids on rotavirus infectivity, Biol. Pharm. Bull., 23, 2000, 
1122-1124. 

11. Bashir AK, Abdalla AA, Wasfi IA, Hassan ES, Amiri MH, Crabb TA, 
Flavonoids of Limonium axillare, Int J Pharmacogn., 32, 1994, 366–
372. 

12. Basile A, Giordano S, Lopez-Saez JA, Cobianchi RC, Antibacterial 
activity of pure flavonoids isolated from mosses, Phytochemistry, 
52, 1999, 1479–1482. 

13. Basile A, Sorbo S, Giordano S, Antibacterial and allelopathic activity 
of extract from Castanea sativa leaves, Fitoterapia, 71S, 2000, 
110–116. 

14. Beak SH, Yun SS, Kwon TK, Kim JR, Chang HW, Kwak JY, The effects 
of two new antagonists of secretory PLA2 on TNF-α, iNOS, and 
COX-2 expression in activated macrophages, Shock, 12, 1999, 473-
478. 

15. Bojase G, Majinda R, Gashe B, Wanjada C, Antimicrobial flavonoids 
from Bolusanthus speciosus, Planta Medica, 68, 2002, 615-620. 

16. Bremmer P, Meyer J, Pinocembrin chalcone; an antibacterial 
compound from Helichrysum trilineaum, Planta Medica, 64, 1998, 
777-781. 

17. Bylka W, Matlawska I, Pilewski NA, Natural flavonoids as 
antimicrobial agents, JANA, 72, 2004, 24-31. 

18. Cafarchia C, De Laurentis N, Milillo MA, Losacco V, Puccini V, 
Antifungal activity of Apulia region propolis, Parassitologia, 41, 
1999, 587–590. 

19. Caltagirone S, Rossi C, Poggi A, Flavooids apigenin and quercetin 
inhibit melanoma growth and metastatic potential, Int. J. cancer, 
87, 2000, 595-600. 

20. Chacha M, Bojase-Moleta G, Majinda RR, Antimicrobial and radical 
scavenging flavonoids from the stem wood of Erythrina latissima, 
Phytochemistry, 66, 2005, 99–104. 

21. Chang HW, Baek SH, Chung KW, Son KH, Kim HP, Kang SS, 
Inactivation of phospolipase A2 by naturally occurring biflavonoid, 
ochnaflavone, Biochem Biophys Res Commun., 205, 1994, 843-
849. 

22. Chang WS, Lee YJ, Lu FJ, Chiang HC, Inhibitory effects of flavonoids 
on xanthine oxidase, Anticancer Res,, 13, 1993, 2165-2170. 

23. Cheon BS, Kim YH, Son KH, Chang HW, Kang SS, Kim HP, .Effect of 
prenylated flavonoids and biflavonoids on lipopolysaccharide-
inducd nitric oxide production from the mouse mcrophage cell 
line, RAW 264.7, Planta Med., 2000; 66: 596-600. 

24. Chi YS, Jong H, Son KH, Chang HW, Kang SS, Kim HP, Effects of 
naturally occurring prenylated flavonoids on arachidonic acid 
metabolizing enzymes:cyclooxygenases and lipoxygenases, 
Biochem Pharmacol, 62, 2001, 1185-1191. 

25. Chi YS, Jong H, Son KH, Chang HW, Kang SS, Kim HP, Effects of 
naturally occurring prenylated flavonoids on arachidonic and 
metabolizing enzymes: cyclooxygenases and lipoxygenases, 
Biochem Pharmacol., 62, 2001, 1185-1191.  

26. Chiesi M, Schwaller R, Inhibition of constitutive endothelial NO 
synthase activity y tannin and quercetin, Biochem Pharmacol., 49, 
1995, 495-501.  

27. Chin Y-W, Mdee LK, Mbwambo ZH, Mi Q, Chai, H-B, Cragg GM, 
Swanson SM, Kingborn AD, Prenylated flavonoids from the root 
bark of Berchemia discolor, a Tanzanian medicinal plant, J. Nat. 
Prod., 69, 2006, (11), 1649-1652. 

28. Cos P, Ying L, Calomme M. Structure-activity relationship and 
classification of flavonoids as inhibitors of xanthine oxidase and 
superoxide scanvengers, J. Nat. Prod., 61, 1986, 71-76.  

29. Coudert PC, Rubat C, Sautou V, Bastide M, Chopineau J, The free 
radicals, Actualités Pharmaceutiques, 321, 1994, 37-46. 

30. Cushnie TPT, Hamilton VES, Lamb AJ, Assessment of the 
antibacterial activity of selected flavonoids and consideration of 
discrepancies between previous reports, Microbiol. Res., 158, 
2003, 281–289. 

31. Dall’Agnol R, Ferraz A, Bernardi AP, Antimicrobial activity of some 
Hypericum species. Phytomedicine ,10, 2003,511–516. 

32. Dastidar SG, Manna A, Kumar K,. Studies on the antibacterial 
potentiality of isoflavones, Int. J. Antimicrob.Agents, 23, 2004, 99–
102. 

33. De Groot H, Reactive oxygen species in tissue injury, 
Hepatogastroenterology, 41, 1994, 328-332. 

34. Deepralard K, Pengsuparp T, Moriyasu M, Kawanishi K, Suttisri R. 
Chemical constituents of Mitrephora maingayi, Biochemical 
Systematics and Ecology, 35, 2007,  696-699. 



Int. J. Pharm. Sci. Rev. Res., 21(1), Jul – Aug 2013; n° 05, 20-33                                                                          ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

30 

35. Kong D, Zhang Y, Yamori T, Duan H, Jin M, Inhibitory Activity of 
Flavonoids against Class I Phosphatidylinositol 3-Kinase Isoforms, 
Molecules, 16, 2011, 5159-5167;  

36. Duke JA. The Green Pharmacy. Emmaus, PA: Rodale Press, 1997, 
128-129. 

37. El-Abyad MS, Morsi NM, Zaki DA, Shaaban MT, Preliminary 
screening of some Egyptian weeds for antimicrobial 
activity.,Microbios., 62,1990, 47–57. 

38. Elango V, Oliver C, Raglu PS, Anti-inflammatory activity of the 
flower extracts of solanum nignim in Rats. Hygeia, J. of Drug and 
Medicines 4, 2012. (1), 59-62. 

39. El-Gammal AA, Mansour RM, Antimicrobial activities of some 
flavonoid compounds, Zentralbl Mikrobiol., 141, 1986, 561–565. 

40. El-Lakany AM, Abdel-Kader MS, Hammoda HM, Ghazy NM, 
Mahmoud ZF, A new flavone glycoside with antimicrobial activity 
from Carduus pycnocephalus L, Pharmazie, 52,1997, 78–79. 

41. Encarnacion R, Ochoa N, Anthoni U, Christophersen C, Nielsen PH, 
Two new flavones from Calliandra californica, J. Na.t Prod., 57, 
1994, 1307–1309. 

42. Evans W, Trease and Evans Pharmacognosy, 15th ed, New York: W 
B Saunders, 2002, 246-248. 

43. Faizi S, Ali M. Shamimin, A new flavonol C-glycoside from leaves of 
Bombax ceiba. Planta Med., 65, 1999, 383–385. 

44. Ferrandiz ML, Alcaraz MJ, Anti-inflammatory activity and inhibition 
of arachidonic acid metabolism by flavonoids, Agents actions, 
32,1991, 283-288.  

45. Fesen MR, Pommier Y, Leteurtre F, Hiroguchi S, Yung J, Kohn KW, 
Inhibition of HIV-1 integrase by flavones, caffeic acid phenethyl 
ester (CAPE) and related compounds, Biochem. Pharmacol., 48, 
1994, 595–608. 

46. Formica JV, Regelson W, Review of the biology of Quercetin and 
related bioflavonoids. Food Chem Toxicol., 33(12),1995, 1061-
1080. 

47. Fotsis I, Pepper MS, Aktas E, Flavonoids, dietary-derived 
 inhibitors of cell proliferation and in vitro angiogenesis, 
Cancer Res., 57, 1997, 2916-2921.  

48. Fukui H, Goto K, Tabata M, Two antimicrobial flavanones from the 
leaves of Glycyrrhiza glabra. Chem. Pharm. Bull. (Tokyo), 36, 1988, 
4174–4176. 

49. Gafner S, Wolfender JL, Mavi S, Hostettmann K, Antifungal and 
antibacterial chalcones from Myrica serrata, Planta Med., 62,1996, 
67–69.  

50. Garcia-Closas R, Gonzalez CA, Agudo A, Rboli I, Intake  of 
specific carotenoids and flavonoids and the risk of gastric cancer in 
spain, Cancer Causes control, 10,1999,  71-75. 

51. Gil B, Sanz MJ, Terrancio MC, Gunasegaran R, Paya M, Alcaraz MJ, 
Morelloflavone, a novel biflavonoid inhibitor of human secretory 
phospholipase A2 with anti-inflammatory activity, Biochem 
Pharmacol, 53, 1997, 733-740. 

52. Gil B, Sanz MJ, Terrencio MC, Ferrandiz ML, Bustos G, Paya M, 
Efects of flavonoids on Naja naja and human recombinant synovial 
phospholipase A2 and inflammatory responses in mice, Life Sci., 54, 
1994, PL333-PL338. 

53. Gonda R, Takeda T, Akiyama T, Studies on the Constituents of 
Anaxagorea luzonensis A. Gray. Chem. Pharm. Bull., 48 (8), 2000, 
1219-1222. 

54. Gutkind G, Norbedo C, Mollerach M, Ferraro G, Coussio JD, de 
Torres R, Antibacterial activity of Achyrocline flaccid, J. 
Ethnopharmacol, 10, 1984, 319–321. 

55. Harborne JB, Baxter H, The handbook of natural flavonoids, Vols 1 
and 2. Chichester, UK, John Wiley and Sons, 1999, 27-34. 

56. Harborne JB, Williams CA, Advances in flavonoid research since 
1992, Phytochemistry, 55, 2000, 481–504. 

57. Havsteen B, Flavonoids, a class of natural products of high 
 pharmacological potency. Biochem.  Pharmacol., 32, 1983, 
1141–1148. 

58. Hertog MGL, Fesekens EJM, Hollman PCH, Katan MB, Krombout, D, 
Dietary antioxidant flavonoids and risk of coronary heart disease: 
the Zetphen elderly study, Lancet., 342,1993, 1007-1011. 

59. Ueda H, Yamazaki C, Yamazaki M, A OH group of flavonoids affects 
oral inflammatory activityand inhibiting of synthetic tumor 
Neurosis factor –alpha production, Biosi-Biotechnol. Biochem, 68 
(1), 2004, 119-125. 

60. Hu CQ, Chen K, Shi Q, Kilkuskie RE, Cheng YC, Lee KH, Anti-Aids 
agents, 10. Acacetin 7-O-galactopyranoside, an anti-HIV principle 
from Chrysanthemum morifolium and a structure-activity 
correlation with some related flavonoids, J. Nat Prod., 57, 1994, 
42-51. 

61. Hufford CD, Lasswell WL, Antimicrobial activities of constituents of 
Uvaria chamae. Lloydia, 41, 1978, 156–60. 

62. Zhou H, Lutterodt H, Cheng Z, Yu L,  Anti-inflammatory and 
antiproliferative activities of trifolirhizin, a flavonoid from Sophora 
flavescens roots, J. Agric. Food Chem., 57(11), 2009 4580–4585.  

63. Hussain, SA, Jasson NA, Numan IT, Al-Khalifa IT, Abdullah TA. Anti 
inflammatory activity of silymanis in patients with knee Osteo 
arthritis. Its imperative study with proxicam and meloxicam. Saudi 
Med.  J, 30, (1), 2009,  98-103. 

64. Iio M, Ono Y, Kai S, Fukumoto M, Effects of flavonoids on xanthine 
oxidation as well as on cytochrome C reduction by milk xanthine 
oxidase, J. Nutr. Sci. Vitaminol. (Tokyo) 32,1986, 635-642. 

65. Ikigai H, Nakae T, Hara Y, Shimamura T, Bactericidal catechins 
damage the lipid bilayer, Biochim Biophys Acta, 1147, 1993, 132–
136. 

66. Iniesta-Sanartin E, Tomas-Berberan FA, Guirado A, Tomas-Lorente 
F,  Antibacterial flavonods from Helichrysum picardii and H. 
italicum. Planta Med,  56, 1990, 648-651. 

67. Iwagawa T, Kawasaki J, Hase T, Sako S, Okubo S, Ishida M, Kim J, An 
acetylated flavonol glycoside from Lasiobema japonica, 
Phytochemistry, 29, 1990,1013-1014. 

68. Jang DS, Cuendet M, Hawthorne ME, Kardono LBS, Kawanishi K, 
Fong HHS, Prenylated Flavonoids of the leaves of Macaranga 
conifer with inhibitory activity against cyclo-oxygenase-2, 
Phytochemistry, 61, 2002, 867-872. 

69. Jit S, Nag TN, Antimicrobial principles from in vitro tissue culture of 
Tribulus alatus, Indian J. Pharm Sci, 47, 1985, 101–103. 

70. Kato T, Yamaguchi Y, Harano T, Yoyama T, Uychara Y, Unsaturated 
hydroxyl fatty acids, the selfdefenseive substance in rice plants 
against rice blast disease, Chem. Let., 12, 1984, 409-412 

71. Kerry NL, Abbey M, Red wine and fractionated phenolic compouns 
prepared from red wine inhibit low density lipoprotein oxidation in 
vitro, Atherosclerosis, 135, 1997, 93-102. 

72. Khanna P, Sharma OP, Sehgal M, Antimicrobial principles from 
tissue culture of some plant species, Indian J Pharm Sci, 42, 1980, 
113–117. 

73. Khaomek P, ichino, C, isihyama A, Sekiguchi H, Namatame M, 
Ruangrunsi N, Saifah E, Kiyohara H, Otoguro K, Omura S, Yamada 
H, Invitro antimalaria activity of prenylated flavonoids from 
Erythrina fusca, J. Med, 62,2008, 217-220 

74. Kim HP, Indu M, Iversen L, Ziboh VA, Effects of naturally occurring 
flavonoids and biflavonoidson epidermal cyclooxygenase and 
lipoxygenase from guinea-pigs, Prostaglandins,  Leukot Essent 
Fatty Acids, 58, 1998, 17-24. 

75. Kimura Y, Okuda H, Nomura T, Fukai T, Arichi S, Effects of 
flavonoids and related compounds from mulberry tree on 
arachidonates metabolism in rat platelets homogenates, Chem 
Pharm  Bull, 34, 1986, 1223-1227. 

76. Kimura Y, Okuda H, Nomura T, Fukai T, Arichi S, Effects of phenolic 
constituents from mulberry tree on arachidonates metabolism in 
rat platelets, J Nat Prod, 49, 1986, 639-644. 

77. Knekt P, Jarvinen R, Seppanen R, Dietary flavonoids and  the 
risk of lung cancer and other malignant neoplasms,  Am. J. 
Epidemiol, 146,1997, 223-230. 

78. Kono K, Tatara I, Takeda S, Arakawa K, Hara Y. Antibacterial activity 
of epigallocatechin gallate against methicillin-resistant 



Int. J. Pharm. Sci. Rev. Res., 21(1), Jul – Aug 2013; n° 05, 20-33                                                                          ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

31 

Staphylococcus aureus, Kansenshogaku Zasshi, 68, 1994, 1518–
1522. 

79. Korkina LG, Afanas’ev IB, Antioxidant and chelating properties of 
flavonoids, Adv. Pharmacol, 1997, 151-163. 

80. Kubo M, Matsuda H, Tanaka M, Kimura Y, Okuda H, Higashino M, 
Studies on Scutellaria radix. VII. Antiarthritic andante-
inflammatory actions of methanolic extracts and flavonoid 
components from Scutellaria radix. Chem Pharm Bull, 32, 1984, 
2724-2729. 

81. Kuroyanagi M, Arakawa T, Hirayama Y, Hayashi T, Antibacterial and 
antiandrogen flavonoids from Sophora flavescens, J Nat Prod,  62, 
1999, 1595–1599. 

82. Kwak W-J, Moon TC, Lin CX, Rhyn HG, Jung H, Lee E, Papyriflavonol 
A from Broussonetia papyrifera inhibits the passive cutaneous 
anaphylaxis reaction and has a secretory phospholipase A2-
inhibitory activity, Biol Pharm Bull, 26, 2003, 299-302. 

83. Lanni C, Becker EL, Inhibition of neutrophil phospholipase A2 by p-
bromophenylacyl bromide, nordihydroguaiaretic acid, 5, 8, 11, 14-
eicosatetrayenoic acid and quercetin, Int Archs Allergy Appl 
Immun, 76, 1985, 214-217.  

84. Laughton MJ, Evans PJ, Moroney MA, Hoult JRS, Halliwell B, 
Inhibition of mammalian 5-lipoxygenase and cyclooxygenase by 
flavonoids and phenolic dietary additives, Biochem Pharmacol, 42, 
1991,1673-1681. 

85. Le Marchand L, Cancer preventive effects of flavonoids: a review. 
Biomed. Pharmacother, 56, 2002, 296-301. 

86. Lee T-P, Matteliano ML, Middletone E, Effect of quercetin on 
human polymorphonuclear leukocyte lysosomal enzyme release 
and phospholipid metabolism. Life Sci, 31, 1982, 2765-2774. 

87. Lehane AM, Saliba KJ, Common dietary flavonoids inhibit the 
growth of the intraerythrocytic malaria parasite, BMC Res. Notes, 
1, 2008, 26-29. 

88. Li BQ, Fu T, Yan YD, Baylor NW, Ruscetti FW, Kung HF, Inhibition of 
HIV infection by baicalin — a flavonoid compound purified from 
Chinese herbal medicine, Cell Mol Biol Res, 39, 1993,119–124. 

89. Li W, Asada Y, Yoshikawa T, Antimicrobial flavonoids from 
Glycyrrhiza glabra hairy root cultures, Planta Med, 64,1998, 746–
751. 

90. Liang YC, HuangYT, Tsai SH, Lin-ShiauSY, Chen CF, Lin JK, 
Suppression of inducible cyclooxygenase and inducible nitric oxide 
synthase by apigenin and related flavonoids inmouse 
macrophages, Carcinogenesis, 20, 1999, 1945-1952. 

91. Likhiwitayawuid K, Sawasdee K, Kirtikara K, Flavonoids and 
Stilbenoids with COX-1 and COX-2 inhibitory activity from Draaena 
loureiri, Plant Med, 68, 2002, 841-843. 

92. Lin CN, Lu CM, Lin CH, Fang SC, Shieh BJ, Hsu MF, Novel 
antiplatelet constituents from Formosan Moraceous plants. J Nat 
Prod., 59, 1996, 834-838. 

93. Lin Y-L, Kuo Y-H, Shiao M-S, Chen M-S, Flavonoid glycosides from 
Terminalia catappa L. Journal of Chinese Chemical Society, 7, 2000, 
253-256. 

94. Lin YM, Anderson H, Flawin MT, Pai Y H, Mata-Greenwood E, 
Pengsuparp T, Pezzuto JM, Schinazi RF, Hughes SH, Chen FC, In 
vitro anti-HIV activity of biflavonoids isolated from Rhus 
succedanea and Garcinia multiflora, J Nat Prod, 60(9), 1997, 884-
888. 

95. Lindahl M, Tagesson C, Selective inhibition of group II 
phospholipase A2 by quercetin. Inflammation, 17, 1993, 573-582. 

96. Liu H, Orjala J, Sticher O, Rali T, Acylated flavonol glycosides from 
leaves of Stenochlaena palustris, J Nat Prod, 62, 1999, 70–75. 

97. Lopes MN, de Oliveira AC, Young MCM, Bolzani VS, Flavonoids 
from Chiococca braquiata (Rubiaceae). J. Braz. Chem. Soc., 15(4), 
2004, 468-471. 

98. Mahmoud MJ, Jawad AL, Hussain AM, Al-Omari M,Al-Naib A, In-
vitro antimicrobial activity of Salsola rosmarinus and Adiantum 
capillus-venris, Int J Crude Drug Res, 27, 1989, 14-16. 

99. Malterund K, Bremns E, Faegri A, Moe T, Sandanger E, Flavonoids 
from the wood of Salix caprea as inhibitors of wood–destroying 
fungi, J Nat Prod, 48, 1985, 559-563. 

100. Maron DJ, Flavooids for reduction of atherosclerotic risk, Curr. 
Atheroscher. Rep., 6, 2004, 73-78. 

101. Martin, F, Hay AE, Cressende D, Reist M, Vivas L, Gupta MP, 
Carrupt PA, Hostettmann K, Antioxidant c-glucosylxanthones from 
the leaves of Arrabidaea patellifera, J. Nat. Prod, 71, 2008, 1887-
1890. 

102. Serafini M, Peluso I, Raguzzini A,  Flavonoids as anti-inflammatory 
agents, The 3rd International  Immunonutrition 
Workshop, Platja D'Aro, Girona, Spain. 21–24 October 2009, 78-82. 

103. Middleton Jr E, Chithan K, The impact of plant flavonoids on 
mammalian biology: implications for immunity, inflammation and 
cancer. In: Harborne JB, editor. The flavonoids: advances in 
research since 1986. London, UK: Chapman and Hall; 1993, 6-8. 

104. Middleton Jr E, Kandaswami C, Theoharides TC, The effects of 
plant flavonoids on mammalian cells: implications for 
inflammation, heart disease, and cancer, Pharmacol Rev, 52, 2000, 
673–751. 

105. Mills S, Bone K, Principles and Practice of Phytotherapy–Modern 
Herbal Medicine. New York: Churchill Livingstone, 2000, 31-34. 

106. Miski M, Ulubelen A, Johansson C, Mabry TJ, Antibacterial activity 
studies of flavonoids from Salvia palaestina, J Nat Prod, 46, 1983, 
874–879. 

107. Mitrokotsa D, Mitaku S, Demetzos C, Harvala C, Mentis A, Perez S, 
Kokkinopoulos D, Bioactive compounds from the buds of Plantanus 
orientalis and isolation of a new kaempferol glycoside, Planta 
Medica, 59,1993, 517-520. 

108. Mojzsisova G, Kuchta M, Dietary flavonoids and risk of coronary 
heart  disease, Physiol. Res., 50, 2001, 529-535. 

109. Moore PS, Pizza C, Observations on the inhibition of HIV-1 reverse 
transcriptase by catechins, Biochem J, 288, 1992, 717–719. 

110. Mori A, Nishino C, Enoki N, Tawata S, Antibacterial activity and 
mode of plant flavonoids against Proteus vulgaris and 
Staphylococcus aureus, Phytochemistry, 26, 1987, 223-224. 

111. Moroney MA, Alcaraz MJ, Forder RA, Carey F, Hoult JR, Selectivity 
of neutrophil 5-lipoxygenase and cyclo-oxygenase inhibition by an 
anti-inflammatory flavonoid glycoside and related aglycone 
flavonoids, J. Pharm Pharmacol 40, 1988, 787-792. 

112. Muiva, LM, Yenesew A, Derese S, Heydenreich M, Peter,MG, Akala 
HM, Eyase F, Waters NC, Mutia C, Keriko JM, Walsh D, Anti-
Plasmodial B-hydroxydihydrochalcone from seedpods of Tephrosia 
elata,  Phytochem. Lett,8, 2009, 234-238. 

113. Muralidhar A, Babu KS, Sankar TR, Reddanna P, Reddy GV, Latha J, 
Anti-inflammatory activity of flavonoid fraction isolated from the 
stem bark of Butea monosperma (LAM): A mechanism based 
study, Int. J. of phytopharmacology 1 (1), 2010, 12-132. 

114. Nakadate T, Aizu E, Yamamoto S, Kato R, Effects of chalcone 
derivatives on lipoxygenase and cyclooxygenase activities of 
mouse epidermis, Prostaglandins. 3,1985, 357-368. 

115. Neuhouser ML, Dietry flavonoids and cancer risk: evidence from 
human population studies, Nutr. Cancer, 50, 2004, 1-7. 

116. Ng TB, Ling JM, Wang ZT, Cai JN, Xu GJ, Examination of coumarins, 
flavonoids and    polysaccharopeptide for antibacterial activity, 
Gen Pharmacol, 27, 1996, 1237–1240. 

117. Nijveldt RJ, van Nood E, van Hoorn DEC, Boelens PG, van Norren K, 
van Leeuwen PAM, Flavonoids: a review of probable mechanisms 
of action and potential applications, American J. of Clinical 
Nutrition, 74 (4), 2001, 418-425. 

118. Nishino C, Enoki N, Tawata S, Mori A, Kobayashi K, Fukushima M, 
Antibacterial activity of flavonoids against Staphylococcus 
epidermidis, a skin bacterium, Agric Biol Chem, 51, 1987, 139–143. 

119. Noreen Y, Serrano G, Perera P, Bohlin L, Flavan-3-ols isolated from 
some medicinal plants inhibiting COX-1 and COX-2 catalysed 
prostaglandin biosynthesis. Planta Med, 64,1998, 520-524. 



Int. J. Pharm. Sci. Rev. Res., 21(1), Jul – Aug 2013; n° 05, 20-33                                                                          ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

32 

120. Odebode AC, Mdachi SJM, Joseph CC, Irungu BN, Antibacterial 
activities of constituents from Isolona cauliflora and Cleistochlmys 
kirkii, Tanz. J. Sci., 29(2),, 2003, 19-26. 

121. Ohemeng KA, Schwender CF, Fu KP, Barrett JF, DNA gyrase 
inhibitory and antibacterial activity of some flavones,  Bioorg Med 
Chem Lett 3, 1993, 225–230. 

122. Oksuz S, Ayyildiz H, Johansson C, 6-Methoxylated and C-glycosyl 
flavonoids from Centaurea species, J Nat Prod, 47, 1984, 902–906.. 

123. Olaginer  D, Costes P, Berry A, Linas, M.D,  Urrotigoity  M, 
Dechy-Cabaret O, Benoit-vical F, Modifications of the chemical 
structure of terpenes in antiplasmodial and antifungal drug 
research, Bioorg. Med. Chem.. Lett17,, 2007, 6075-6078. 

124. Ono K, Nakane H, Fukushima M, Chermann JC, Barre-Sinoussi F, 
Differential inhibitory effects of various flavonoids on the activities 
of reverse transcriptase and cellular DNA and RNA polymerases.  

125. Orhan DD, kupeh E, Yesilada E,  Ergin F, Anti-inflammating and 
antinociaphore activity of flavonoids isolated from Viscum album 
SSP. Album, Z, Naturforsch, 61c, 2006, 26-30. 

126. Osawa K, Yasuda H, Maruyama T, Morita H, Takeya K, Itokawa H, 
Isoflavanones from the heartwood of Swartzia polyphylla and their 
antibacterial activity against cariogenic bacteria, Chem Pharm Bull 
(Tokyo), 40, 1992; 2970–2974. 

127. Palacios P, Gutkind G, Rondina RV, de Torres R, Coussio JD, Genus 
Baccharis. II. Antimicrobial activity of B. crispa and B. notosergila, 
Planta Med, 49, 1983, 128-133. 

128. Paterson DL, Swindells S, Mohr J, Brester M, Vergic EN, Squier C, 
Wagner MM, Singh N, Adherence to protease inhibitor therapy 
and outcomes in patients with HIV infection, Ann Intern Med, 133, 
2000, 21-30. 

129. Pepeljnjak S, Kosalec I, Galangin expresses bactericidal activity 
against multiple-resistant bacteria: MRSA, Enterococcus spp. and 
Pseudomonas aeruginosa, FEMS Microbiol Lett, 240, 2004, 111–
116. 

130. Plakas SM, Lee TC, Wolke R, Meede TL, Effect of Maillard browning 
on protein utilization and plasma amino acid response by rainbow 
tout (Salmo gairdneri), J. Nutr., 115,1985, 1589-1599. 

131. Pomilio AB, Buschi CA, Tomes CN, Viale AA, Antimicrobial 
constituents of Gomphrena martiana and Gomphrena boliviana,  J 
Ethnopharmacol, 36, 1992,155–161. 

132. Quarenghi MV, Tereschuk M, Baigori MD, Abdala LR, Antimicrobial 
activity of flowers from Anthemis cotula, Fitoterapia, 71, 2000, 
710–712. 

133. Rahman MM, Gray A, Antimicrobial constituents from the stem 
bark of Feronia Limonia,  Phytochemistr,. 59, 2002, 73-77. 

134. Ramaswamy AS, Jayaraman S, Sirsi M, Rao KH, Antibacterial action 
of some naturally occurring citrus bioflavonoids, Indian J Exp Biol, 
10, 1972, 72–75. 

135. Rao VSN, Paiva LAF, Santos FA, da Silva RM,Gurgel LA, de Sousa ET, 
Silveira ER, Anti-inflammatory effect of ternatin. A flavonoid from 
Egletes viscose Less; in the rat moel of Colitis induced by acetic 
acid, Boletin Latinoameriano y del caribe de Plantas Medicinales y 
Aromaticas. 2 (4), 2003,48-51. 

136. Rauha JP, Remes S, Heinonen M, Antimicrobial effects of Finnish 
plant extracts containing flavonoids and other phenolic 
compounds, Int J Food Microbiol, 56, 2000, 3–12. 

137. Reddy GR, Ueda N, Hada T, Sackeyfio AC, Yamamoto S, Hana Y,  A 
prenylated flavones, artonin E, as arachidonate 5-lipoxygenase 
inhibitor, Biochem. Pharmacol, 41, 1991, 115-118. 

138. Robak J, Gryglewski RJ, Bioactivity of flavonoids, Pol J Pharmacol, 
48, 1996;:555-564. 

139. Sadowska-Krowicka H, Mannick E E, Oliver P D, Sandoval M, Zhang 
XJ, Eloby-Childess S, Genistein and gut inflammation: Role of nitric 
oxide, Proc. Soc. Exp. Biol. Med,  217, 1998, 351-357. 

140. Sakagami Y, Mimura M, Kajimura K, Anti-MRSA activity of 
sophoraflavanone G and synergism with other antibacterial agents, 
Lett Appl Microbiol, 27, 1998, 98–100. 

141. Sakanaka S, Kim M, Taniguchi M, Yamamoto T, Antibacterial 
substances in Japanese green tea extract against Streptococcus 
mutans, a cariogenic bacterium. Agric Biol Chem, 53, 1989, 2307–
2311. 

142. Sakar MK, Engelshowe R, Tamer AU, Isolation and antimicrobial 
activity of flavonoids from Prunus spinosa L. flowers, Hacettepe 
Universitesi Eczacilik Fakultesi Dergis, 12, 1992, 59–63. 

143. Sanhueza J, Valdes J, Campos R, Garrido A, Valenzuela A, Changes 
in the xanthine dehydrogenase/xanthin oxidase ratio in the rat 
kiney subjected to ischemia-reperfusion stress: preventive effect 
of some flavonoids, Res Commun Chem Pahol. Pharmacol, 78, 
1992, 211-218. 

144. Sato M, Fujiwara S, Tsuchiya H, Flavones with antibacterial activity 
against cariogenic bacteria,  J Ethnopharmacol,  54, 1996, 171–176. 

145. Sato Y, Suzaki S, Nishikawa T, Kihara M, Shibata H, Higuti T, 
Phytochemical flavones isolated from Scutellaria barbata and 
antibacterial activity against methicillin-resistant Staphylococcus 
aureus, J Ethnopharmacol, 72, 2000, 483–488. 

146. Shutenko Z, Henry Y,Pinard E, Influence of the antioxidant 
quercetin in vivo on the level of nitric oxide determinate by 
electron paramagnetic resonance in rat brain during global 
ischemia and reperfusion, Biochem. Pharmacol, 57, 1999, 199-208. 

147. Simin K, Ali Z, Khaliq-Uz-Zaman SM, Ahmad VU, Structure and 
biological activity of a new rotenoid from Pongamia pinnata, Nat 
Prod Lett, 16, 2002, 351–357. 

148. Singh RK, Nath G, Antimicrobial activity of Elaeocarpus sphaericus, 
Phytother Res 13, 1999, 448–450. 

149. Soliman KFA, Mazzio EA, In vitro attenuation of nitric oxide 
production in C6 astrocyte cell culture by various dietary 
compounds, Proc. Soc Exp. Biol. Med, 218, 1998, 390-397.  

150. Stefani ED, Boffetta P, Deneo-Pellegrini H, Dietary antioxidants and 
lung cancer risk: a case-control study in Uraguay, Nutr. Cancer, 34, 
1999, 100-104. 

151. Strohl WA, Rouse H, Fisher BD, Lippincott’s Illustrated Reviews – 
Microbiology. Baltimore, Lippincott Williams and Wilkins, 23, 2001, 
137-139. 

152. Tarle D, Dvorzak I, Antimicrobial activity of the plant Cirsium 
oleraceum (L.) Scop, Acta Pharm Jugosl, 40, 1990, 569–571. 

153. Tereschuk ML, Riera MV, Castro GR, Abdala LR, Antimicrobial 
activity of flavonoids from leaves of Tagetes minuta, J 
Ethnopharmacol56, 1997, 227–232. 

154. Tordera M, Ferrandiz ML, Alcaraz MJ, Influence of anti-inflamatory 
flaonoids on degranulaion and arachidonic acid release in rat 
neutrophils, Z Naturforsch C 49, 1994, 235-240 

155. Torrenegra RD, Ricardo AA, Pedrozo JP, Fuentes OC, Flavonoids 
from Gnaphalium gracile H.B.K, Int J Crude Drug Res, 27, 1989, 22–
24. 

156. Tsuchiya H, Sato M, Iinuma M, Inhibition of the growth of 
cariogenic bacteria in vitro by plant flavanones, Experientia, 50, 
1994, 846–849. 

157. Tsuchiya H, Sato M, Miyazaki T, Comparative study on the 
antibacterial activity of phytochemical flavanones against 
methicillin-resistant Staphylococcus aureus, J Ethnopharmacol, 50, 
1996, 27–34. 

158. Valsaraj R, Pushpangadan P, Smitt UW, New anti-HIV-1, 
antimalarial, and antifungal compounds from Terminalia bellerica, 
J Nat Prod, 60, 1997, 739–742. 

159. Van Acker SA, Tromp MN, Haenen GR, van der Vijgh WJ, Bast A, 
Flavonoids as scavenegers of nitric oxide radical Biochem, Biophys 
Res. Commun, 214, 1995, 755-759. 

160. Van Puyvelde L, De Kimpe N, Costa J, Isolation of flavonoids and a 
chalcone from Helichrysum odoratissimum and synthesis of 
helichrysetin, J Nat Prod, 52, 1989, 629–33. 

161. Vega N, Maria RG, flavonoids from Annona dioica leaves and their 
effects in Ehrlich carcinoma cells, DNA-topoisomerase I and II, J. 
Nat. Chem. Soc, 18 (8), 2007, 1554-1559.  



Int. J. Pharm. Sci. Rev. Res., 21(1), Jul – Aug 2013; n° 05, 20-33                                                                          ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

33 

162. Verma DK, Singh SK, Tripathi V, A rare antibacterial flavone 
glucoside from Lantana camara, Indian Drugs, 34, 1997, 32–35. 

163. Volk WA, Benjamin DC, Kadner RJ, Parsons JT, Essentials of Medical 
Microbiology. 4th ed. New York: J B Lippincott; 1991, 225. 

164. Waage SK, Hedin PA, Quercetin 3-O-galactosyl-(1-6)-glucoside, a 
compound from narrowleaf vetch with antibacterial activity, 
Phytochemistry, 24, 1985, 243–245. 

165. Wachter GA, Hoffmann JJ, Furbacher T, Blake ME, Timmermann 
BN, Antibacterial and antifungal flavanones from Eysenhardtia 
texana, Phytochemistry, 52, 1999, 1469–1471. 

166. Wang HK, Xia Y, Yang ZY, Natschke SL, Lee KH, Recent advance in 
the discovery and development of flavonoids an theiranalogues as 
antitumor and anti- HIV agents, Adv. Exp. Med. Biol, 439, 1998, 
191-225. 

167. Wei F, Jinlan R, Zhong W, Zhongxiang Z, Jian Z, Daonian Z, Yaling C, 
Acetylated flavanone glycosides from the rhizomes of Cyclosorus 
acuminatus, J. Nat. Prod., 69(11), 2006, 1641-1644. 

168. Welton AF, Tobias LD, Fiedler-Nagy C, Anderson W, Hope W, 
Meyer K, Effect of flavonoids on arachidonic acid metabolism. In: 
Cody V, Middleton E, Harborne JB, editors. Plant flavonoids in 
biology and medicine, New York, Alan R. Liss, 1986,  231-242. 

169. Winter RW, Kelly JX Smilstein MJ,  Dodean R, Bagby GC, Rathbun 
RK, Levin,JI, Hinrichs D, Riscoe MK, Evaluation and lead 
optimization of anti malaria acridones, Exp parasitol, 114, 2006, 
47-56 

170. Wu Y, Zhou C, Li X, Sing L, Wu X, Lin W, Chen H, Bai H, Zhao J, 
Zhang R, Sun H, Zhao Y, Evaluaton of anti-inflammatory activity of 
the total flavonoids of Laggera pterodonte on acute and chronic 
inflammation models. Phytotherapy Research, 207, 2006, 585-590. 

171. Xiao JB, Ren FL, Xu M, Flavones from Marchantia Convoluta: 
Isolation of Apigenin-7-O-B-D-glucuronide and 5-hydroxyl-7-
methoxyl-2-methylchromone, Journal of pharmaceutical and allied 
sciences 3 (1), 2006, 310-313,. 

172. Yadava RN, Reddy KI, A new bio-active flavonol glycoside from the 
stems of Butea superba Roxb, J Asian Nat Prod Res, 1, 1998, 139–
145. 

173. You KM, Jong H, Kim HP, Inhibition of 
cyclooxygenase/lipoxygenase from human platelets by 
polyhydroxylated/methoxylated flavonoids isolated from the 
several medicinal plants, Arch Pharm Res, 22, 1999,18-24. 

174. Zheng WF, Tan RX, Yang L, Liu ZL, Two flavones from Artemisia 
giraldii and their antimicrobial activity, Planta Med, 62, 1996, 160–
162. 

175. Zhou G, Myers R, Li Y, Chen Y, Shen X, Fenyk-Melody J, Wu M, 
Ventre J, Doebber T, Fujii N, Musi N, Hirshman MF, Goodyear LJ, 
Moller DE, Role of AMP-activated protein kinase in mechanism of 
metformin action, 108(8), 2001, 1167-74. 

176. Vaishali DS, Tushar AD Liladhar SP, Vijay RP, Anti-Inflammatory 
Activity of Delonix regia (Boj. Ex. Hook). Biochem, 190, 1990, 469–
476. 

177. Huiping Zhou, 1 Herman Lutterodt,2 Zhihong Cheng,2 and Liangli 
(Lucy) Yu. Anti-inflammatory and antiproliferative activities of 
trifolirhizin, a flavonoid from Sophora flavescens roots, J 
Ethnopharmacol. 2010 Feb 17;127(3):589-95. 

178. Jin JH, Kim JS, Kang SS, Son KH, Chang HW, Kim HP, Anti-
inflammatory and anti-arthritic activity of total flavonoids of the 
roots of Sophora flavescens, J Agric Food Chem, 57(11), 2009, 
4580–4585.  

 

 

 

Source of Support: Nil, Conflict of Interest: None. 

  


