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Abstract: Flavonoids are polyphenolic substances derived from plants that play several pharmacological activities. They 

possess anti-viral, anti-microbial, anti-inflammatory and anti-allergic potential that can be expressed on different cell 

types, both in animal and human models. Many of these properties prove inhibitory to a huge panoply of molecular targets 

in the micromolar concentration range, either by down-regulating or suppressing many inflammatory pathways and 

functions. Flavonoids exert their properties both as purified aglycone molecules and as plant extracts. Depending on little 

changes in the flavone-backbone and on subtle mechanisms of cell behavior and responsiveness, flavonoids can play a 

modulating, biphasic and regulatory action on immunity and inflammation; in this context only few flavones and 

flavonols have been assayed, mainly because of their chemical similarity with quercetin, so evidence reported in the 

literature about the action of flavonoids is limited to a restricted group of molecules. Many of the effects reported about 

flavonoids regard quercetin, as probably the most diffused and known nature-derived flavonol. Quercetin has shown a 

biphasic behavior in basophils at nanomolar doses and hence its action on cells involved in allergic inflammation is here 

described. Like many other molecules sharing a flavone ring, quercetin affects immunity and inflammation by acting 

mainly on leukocytes and targeting many intracellular signaling kinases and phosphatases, enzymes and membrane 

proteins often crucial for a cellular specific function. This overview collects and discusses the role of flavonoids as anti-

infectious and anti-inflammatory compounds, trying to focus on the complex and modulating interaction of these 

polyphenolic substances with cell function. However, the wide group of intracellular targets and the elevated number of 

natural compounds potentially effective as anti-inflammatory therapeutical agents, asks for further insights and evidence 

to comprehend the role of these substances in animal cell biology. 
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INTRODUCTION 

 Dietary flavonoids represent the principal anti-microbial 
and anti-inflammatory component provided by edible plants 
that have an impact on human health [1-4]. Quercetin 
(C15H10O7, 3,3’,4’,5,7-penthahydroxy-2-phenyl-chromen-4-
one) is a member of these naturally occurring polyphenolic 
compounds, which share a common flavone nucleus made 
up of two benzene rings linked through a heterocyclic 
pyrone one. Quercetin is synthesized in plants starting from 
the aminoacid phenylalanine. Phenylalanine (1) is converted 
to 4-coumaroyl-CoA (2) in a series of steps known as the 
general phenylpropanoid pathway using phenyl ammonia-
lyase (EC 4.3.1.5), cinnamate-4-hydroxylase (EC 1.14.13. 
11), and 4-coumaroyl-CoA ligase (EC 6.2.1.12) [5]. The 
metabolite 4-coumaroyl-CoA (2) is added to three molecules 
of malonyl-CoA (3) to form tetrahydroxychalcone (4) using 
7,2’-dihydroxy, 4’-methoxyisoflavanol synthase. Tetrahyd-
roxychalcone is then converted into naringenin (5) using 
chalcone isomerase. Naringenin is then converted into 
eriodictyol (6) using flavanoid 3’ hydroxylase and eriodi-
ctyol is then converted into dihydroquercetin (7) with 
flavanone 3-hydroxylase which is then converted into 
quercetin using flavanol synthase [6] (Fig. 1). The amount, 
classification and ratio between certain species of 
polyphenolic compounds in plants depend on several 
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environmental factors [7]; for example in Arnica montana L. 
cv. ARBO, a pronounced increase in the ratio of B-ring 
ortho-diphenolic (quercetin) compared to B-ring 
monophenolic (kaempherol) flavonols resulted from a 
decrease in temperature by 5 degrees °C in the applied 
climate regime [8]. Generally, the role of flavonoids as the 
main chemical actors in red, yellow, purple and blue 
pigments in plants and as potential preventive and 
therapeutical substances in human health, has gained these 
compounds a great deal of attention over the past years. A 
huge wealth of information has been collected on the 
structures, chemical properties, biological activities, 
biosynthesis and metabolism of these molecules; however, 
the wide spectrum of molecular targets and the bimodal 
behavior taken on by these substances depending on cell 
type and on functional condition, have made it very difficult 
to unravel the skein of their biological effect. Flavonoids 
constitute a relatively heterogeneous family of aromatic 
molecules including six major groups that can be found in 
most higher plants: the chalcones, flavones, flavonols, 
flavandiols, anthocyanins and condensed tannins or proto-
anthocyanidins, collecting more than 4,000 different 
chemical molecules; a seventh group, the aurones, is 
widespread but not ubiquitous [6,9]. Quercetin is the most 
represented polyphenolic derivative of flavonols. Plants rich 
in quercetin are onions, apples, broccoli, berries, capers, 
where quercetin is usually present as a glucoside-conjugate 
or as a methyl-glucoside-conjugate [10,11]. Flavonols are a 
class of flavonoids that have the 3-hydroxyflavone backbone 
(IUPAC name : 3-hydroxy-2-phenyl-1-benzopyran-4-one). 
Their diversity stems from the different positions of the 
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phenolic -OH groups and/or from the presence of methoxyl 
radicals; Fig. (2) lists the most important and diffused 
flavonoids in their aglycone form. In plants flavonoids exist 
almost entirely as glyco-conjugated compounds. As far as 
quercetin is concerned, its glycosilated forms are represented 
by the aglycone form conjugated with different 
monosaccharides, such as hyperoside (+ galactose), 
isoquercitin (+ glucose), quercitrin (+ rhamnose), rutin (+ 
rutinose), all linked as 3-O-glycosides while spiraeoside is a 
quercetin-4-O-glucose and troxerutin is a rutin having three 
hydroethyl groups [12,13]. However, many other methyl-
glycosides and methyl-rhamnosides of quercetin have been 
discovered. In humans, when digested conjugated quercetin 
undergoes radical transformation inside the gut due to 
intestinal microflora, biochemical pathways such as 
methylation and hydroxylation lead to the formation of other 
flavonoids: for example, 3’-methylation of quercetin leads to 
isorhamnetin and 5’-hydroxylation of quercetin to myricetin 
[14]. The first step of metabolism is characterized by 
hydrolysis of the sugar link, which is common to most 
polyphenolics. In humans this may occur in the gut by the 
action of lactase (a glycoside hydrolase) along the brush 
border membrane of enterocytes lining the villi of the small 
intestine, or after the transport into the enterocyte by a 
cytosolic -glucosidase. Phenolic glycosides that reach the 
colon will be hydrolysed by the gut microflora, but may also 
undergo further metabolism and degradation. Once absorbed, 
dietary phenolics can be methylated (mainly at position 
3,3’,4’,7) by methyl-transferases of tissues to a varying 
degree, and will be conjugated to sulphate and/or glucuronic 
acid prior to excretion. These phenolic metabolites will be 
the flavonols responsible for many biological activity within 
the body together with other well known flavones-derived 

compounds and should be the subject of any further 
investigation [15-17]. 

CHEMICAL KINSHIP OF QUERCETIN WITH 
OTHER FLAVONOIDS AS ANTI-INFLAMMATORY 

AGENTS 

 Several reports have described a role for flavonoids as 
agents able to affect immunity [18] and inflammation 
[19,20], both in vitro [18,21-28], and in vivo or in animal 
models [29-37], even as natural inhibitors of HIV proteases 
[38] and against antibiotic-resistant bacteria [39]; the popular 
proverb “an apple a day keeps the doctor away” seems to 
have met its scientific evidence concerning inflammation 
[40]. However, to check possible links between biological 
effects of quercetin on immunity and inflammation and 
flavonol chemical likeness with other polyphenols [24], 
biochemical research should identify which chemical groups 
might be strategic for the anti-inflammatory properties of 
different flavonols [41], as the anti-oxidant and anti-
inflammatory behavior of flavonoids seem to be structure-
related [42], as well as their ability to interact with cell 
membrane and to enter the cytoplasm [43]. Table 1 
summarizes the main properties of flavones and flavonols in 
immunity and inflammation. Cheong and colleagues have 
studied the structure-activity relationship of flavonoids as 
anti-allergic compounds in rat basophilic leukaemia cell line 
RBL-2H3: among 22 flavone-derived compounds tested, 
luteolin, apigenin, fisetin, and quercetin were found to be 
most active with IC50 values less than 10 μM [44]. 

 This reasoning limits greatly the number of flavonoids 
related to quercetin that might be evaluated as potential anti-
inflammatory compounds. Among most studied flavone-
derived compounds in immunology, quercetin differs from 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). A summary of main pathways of quercetin biosynthesis in plants. 
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other cognate molecules for the position of –OH group in A 
and B rings (quercetin: –OH 3,4,5,7). Within the same 
family of flavonoids, closest kindred could be substances 
that share the same polyphenolic (flavonic) backbone but 
which possess different amount and displacement of 
hydroxyl groups. Main flavone (2-phenyl-1-benzopyran-4-
one) derivatives having 3-OH and different number of 
hydroxyl radicals in different position, are 3-hydroxyflavone, 
6-hydroxyflavone, fisetin (3,3’,4’,7-tetrahydroxy-flavone), 
galangin (3,5,7-trihydroxy-flavone), kaempherol (3,4’,5,7-
tetrahydroxy-flavone), quercetin (3,3’,4’,5,7-penthahydroxy-
flavone), myricetin (3,3’,4’,5’,5,7-hexahydroxy-flavone), 
morin (2-(2,4-dihydroxyphenyl)3,5,7-trihydroxychromen-4-
one) and gossypetin (2-(3,4-dihydroxyphenyl)-3,5,7,8-
tetrahydroxychromen-4-one), to which are commonly 
associated other flavones such as luteolin (3’,4’,5,7-
tetrahydroxyflavone), apigenin (4’,5,7-trihydroxyflavone), 
chrysin (5,7-dihydroxyflavone) baicalein (5,6,7-
trihydroxyflavone) and scutellarein (5,6,7,4’-
tetrahydroxyflavone) (Fig. 2). Most of the evidence reporting 
an effect of flavonoids towards cells involved in immunity 
and inflammatory response concerns the above listed 
compounds, while many O-methylated flavones, except for 
wogonin, are less considered (Fig. 2). 

FLAVONES AND FLAVONOLS AND THEIR ANTI-

INFLAMMATORY ACTION 

 Some of these flavone-related substances, for example 3-
hydroxyflavone, are not commonly found in natural sources; 
3-hydroxyflavone is the chemical product of the Algar-
Flynn-Oyamada reaction [45], whereby a chalcone 
undergoes an oxidative cyclization in the presence of 

hydrogen peroxide to form the flavonol. The flavonoid 6-
hydroxyflavone was found in the porcupine flower, an indian 
plant of Acantaceae family (Barleria prionitis, L.) [46] and it 
was reported as a noncompetitive inhibitor of cytochrome 
P450 2C9 [47]. Many of the anti-inflammatory effects 
reported in vitro concern the inhibitory activity of those 
flavonoids on cytokine production or on other inflammatory 
mediators release. 

 Like many other flavonoids, fisetin can be found in fruits, 
such as berries but it is commonly represented in plants 
belonging to the genus Acacia (A. berlandieri, A. greggi) or 
Rhus (R. cotinus). Fisetin was reported to have an antiviral 
effect [48]; more recently, this flavonol has been found to be 
neuroprotective and to inhibit the aggregation of the amyloid 
beta protein that may cause the progressive neuronal loss in 
Alzheimer's disease, an evidence that may lead to recognize 
this compound as a new type of therapeutic drug for this 
neurological pathology [49]. Fisetin can be easily methylated 
by microorganisms [50] and even by human liver [51]. 

 Quercetin has also an immunosuppressive effect on 
dendritic cells function [52]. Baicalein, isolated from the 
roots of Scutellaria baicalensis Georgi, has an anti-
inflammatory activity [53] and moreover it inhibits 
plasminogen activator inhibitor 1 (PAI-1), the principal 
inhibitor of tissue plasminogen activator (tPA) and urokinase 
(uPA), both activators of plasminogen and hence fibrinolysis 
(the physiological breakdown of blood clots), induced in 
cultured human umbilical vein endothelial cells (HUVEC) 
by IL-1 and TNF- , probably through an action on protein 
kinase C (PKC) [54]. On the other hand, some flavonoids 
such as quercetin, kaempherol and apigenin are able to 
inhibit matrix metalloproteinases [55], which are normally  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Principal flavones and flavonoids studied as anti-inflammatory agents. Main O-methyl-derived flavonoids are also reported. 
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Table 1. Summary of the Main Targets and Effects of Flavones and Flavonols on Inflammation 

 

IUPAC Name 
Common 

Name 
Action Reference 

4’,5,7-trihydroxyflavone Apigenin Anti-allergic [218] 

 

 

 

RBL-2H3 degranulation, human mast cells 

ICAM-1 

E-selectins in HUVECs 

[44,59,146,148]. 

 

 

 

 

TNF-  expression, IL-4, IL-13 basophils 

RBL-2H3: TNF- , IL-4 

IL-2 macrophages 

Pro-inflammatory cytokines in PBMC 

[136,108,141,143, 
304] 

  

 

 

TNF-  expression, matrix metalloproteinases 

NF B 

[55,155, 304] 

Anti-inflammatory, anti-asthmatic [53, 56] 

 

 

Basophil histamine release, RBL-2H3 degranulation 

Histamine, leukotrienes, PGD2, GM-CSF in HCMC 

[57,58,117] 

5,6,7-trihydroxyflavone Baicalein 

 

 

plasminogen activator inhibitor 1 

NF B 

[54,155] 

Anti-viral:  herpes virus replication,  human neutrophil [66, 118] 

 ICAM-1 [146] 

5,7-dihydroxyflavone Chrysin 

 

 

 

 

IL-2 macrophages 

Pro-inflammatory cytokines in PBMC 

NF B 

[141,143,155] 

Antiviral,  aggregation of beta-amyloid proteins [48, 49] 

 

 

 

RBL-2H3 degranulation 

CD40, ICAM-1 in HMC-1 

E-selectins in HUVECs 

[44,145,148]. 

 

 

 

 

 

 

 

IL-4, IL-13 basophils 

RBL-2H3: TNF- , IL-4 

IL-8 gene expression HEK-293 

Gene expression pro-inflammatory cytokines 

TNF- , MCP-1, IL-6, IL-8, VEGF in fibroblasts 

IL-4, IL-13, IL-5 in KU812 

IL-2 macrophages 

[108, 136-141] 

3,3’,4’,7-tetrahydroxy-flavone Fisetin 

 

 

PARP 

NF B 

[135,155] 

 human neutrophil. Adenosine receptor antagonist, anti-bacterial activity, 
anti-viral activity 

[118, 126, 131, 132]  3,5,7-trihydroxy-flavone Galangin 

 IL-2 macrophages [141] 

2-(3,4-dihydroxyphenyl)-
3,5,7,8-tetrahydroxychromen-

4-one 

Gossypetin  PARP [135] 

Anti-inflammatory, anti-allergic,  herpes virus replication,  

cytomegalovirus,  H. pylori, anti-bacterial, anti-parasites,  
[64, 66, 71, 73, 76, 77] 3,4’,5,7-tetrahydroxy-flavone Kaempherol 

 

 

 

 

 

 

 

 

Human mast cells: biphasic action on histamine release 

Neutrophil function 

Tryptase and histamine content in mast cells and in hCBMCs 

Fc RI expression and histamine release in KU812F 

CD23 mRNA and p38MAPK in Caco-2 

Chemokine release in RBL-2H3 

ICAM-1 

E-selectins in HUVECs 

[59,62, 74,82,84, 144, 

146, 148, 155]. 
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(Table 1) contd….. 

IUPAC Name 
Common 

Name 
Action Reference 

 

 

 

Beta-glucuronidase, lysozime in rat neutrophil 

IL-8 gene expression HEK-293 

TNF- , IL-6, IL-8 in hCBMCs 

[72, 137, 144].   

 

 

 

matrix metalloproteinases 

Nitric oxide synthase, cyclooxygenase 

NF B 

[55, 85, 155] 

Anti-allergic, Anti-ashtmatic, Anti-viral against SARS, anti-Leishmania, 
neuro-protective, anti-sclerosis, protective in liver fibrosis.  Complement 

activity 

[68, 78, 89, 90-93, 
100-102]  

 

 

 

 

 

 

RBL-2H3 degranulation, histamine release in human mast cells, 
neutrophil function 

CD40 expression, AP1 activation in basophil 

ICAM-1 

IL-10 

E-selectins in HUVECs 

[44, 59, 62, 97, 98, 
146-148]. 

3’,4’,5,7-tetrahydroxy-flavone Luteolin 

 

 

 

 

 

IL-4, IL-13 basophils 

RBL-2H3: TNF- , IL-4 

IL-2 macrophages 

Pro-inflammatory cytokines in PBMC 

NF B 

[108, 
136,141,143,155] 

2-(2,4-dihydroxyphenyl)3,5,7-
trihydroxychromen-4-one 

Morin  

 

Neutrophil function 

Tryptase and histamine in hCBMCs 

[62, 144] 

   TNF- , IL-6, IL-8 in hCBMCs [144] 

3,3’,4’,5’,5,7-hexahydroxy-
flavone 

Myricetin Analgesic activity, anti-inflammatory, anti-allergic [112, 113, 115] 

 

 

 

Mast cell histamine release 

Protection against DNA damage in human lymphocytes 

Histamine and tryptase in hCBMCs 

[114] 

[116] 

[144] 

  

 TNF- , IL-6, IL-8 in hCBMCs [144] 

Antiviral, immunosuppressive in dendritic cells, anti-allergic,  circulating 
HMGB-1 

[48, 67, 52, 65, 151] 

 

 

 

 

 

 

 

 

 

RBL-2H3 degranulation, neutophil function 

Tryptase and histamine content in mast cells 

Fc RI expression and histamine release in KU812F 

CD23 mRNA and p38MAPK in Caco-2 

Chemokine release in RBL-2H3 

Protection against DNA damage in human lymphocytes 

IL-10 

E-selectins in HUVECs 

Biphasic effects on basophil 

[44, 62, 63, 74, 82, 84, 
116, 147, 148, 261] 

3,3’,4’,5,7- 
penthahydroxy-flavone 

Quercetin 

 

 

 

 

RBL-2H3: TNF- , IL-4 

IL-8 gene expression HEK-293 

IL-2 macrophages 

TNF- , IL-6, IL-8 in hCBMCs 

[108, 137, 141, 144] 

   

 

 

matrix metalloproteinases 

PARP 

NF B 

[55,135,155] 

5,6,7,4’-tetrahydroxyflavone Scutellarein  RBL-2H3 degranulation [58] 
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inhibited by PAI-1. The anti-allergic substance baicalein was 
used in the treatment of bronchial asthma, and in other 
cellular systems [56], as a natural inhibitor of basophil 
histamine release [57]. In rat basophilic leukemia cell lines 
(RBL-2H3) baicalein and scutellarein showed an inhibitory 
activity on cell degranulatory response but baicalein showed 
also a relevant cytotoxicity compared to the other flavonoid 
[58]. 

 Biphasic and modulatory effects were observed with 
these flavonoids in inflammation. Apigenin and 
cromoglycate inhibited the secretion elicited by compound 
48/80 in human mast cells but did not modify the calcium 
ionophore A23187-induced secretion [59]. The effect of 
kaempherol on the histamine release induced by compound 
48/80 was biphasic. Low doses (1.0-10 μM) of the 
compound potentiated secretion whereas higher doses 
inhibited histamine secretion [59]. Some of the tested drugs 
revealed a higher potency when compared to quercetin, 
while luteolin exhibited the highest inhibitory effects of mast 
cell histamine secretion [59]. Wogonin inhibits inducible 
PGE2 in macrophages [60] and inhibits their 
lipopolysaccharide-induced nitric oxide production [61]. 
Flavonoids impairment on cell function was observed also 
on neutrophils [62], to which many flavonoids exert their 
anti-inflammatory action [63]. The effect of kaempherol, 
quercetin, morin and fisetin on neutrophils showed a 
complex response pattern, as each compound differed and 
cell depolarization was enhanced by some and inhibited by 
others, while hydrogen peroxidase generation was inhibited 
by each, supporting some previous findings indicating that 
membrane potential depolarization and respiratory burst are 
dissociable events. None of the flavonoids affected the 
resting potential, while all perturbed the stimulus-coupled 
response, the direction and extent of the perturbation 
depending upon the stimulus and the function assessed [62]. 
Hence, in inflammatory models, the effects of flavonoids 
appear complex and suggest several sites of action 
depending upon the flavonoid subcellular distribution and 
pathway of stimulation. Kaempherol and quercetin were 
reported as long lasting anti-inflammatory substances [64], 
besides being well known anti-allergic compounds [65]. As 
antivirals chrysine and kaempherol in propolis cause a 
concentration-dependent reduction of intracellular 
replication of herpes-virus strains when monolayers are 
infected and subsequently cultured in a drug-containing 
medium but are unable to reduce viral infectivity [66]. Even 
anti-viral effects attributed to quercetin have been reported in 
literature [67]. Luteolin in Chinese multiherb remedy against 
SARS possesses anti-complement properties [68]. 
Kaempherol glycosides were usually tested as anti-viral 
substances [69,70]. Seven flavonoid glycosides of the 
kaempherol series were evaluated for their ability to inhibit 
cytomegalovirus and flavonoids bearing an acyl group were 
found to be the most active molecules [71]: this strengthens 
the role that a single substituent has on the specific property 
of a flavonoid when the latter is compared to its chemically 
closest phenolic compound. 

 As an anti-inflammatory substance kaempherol is able to 
affect both leukocyte function and microorganisms. In rat 
neutrophils kaempherol from Rhamnus species is able to 
inhibit -glucuronidase and lysozime release following 
stimulation with formylated peptides/cytochalasin B [72]. 

Oral administration of kaempherol significantly decreased 
the numbers of Helicobacter pylori in gerbils’ stomachs, as 
well as in vitro inhibiting colonies in a dose-dependent 
manner [73]. In mast cells kaempherol at 100 μM inhibited 
cell proliferation by over 80% on either day 3, 4, or 5 of 
culture. Other flavonoids showed a typical pattern of action. 
Quercetin showed this level of inhibition only on day 5, 
myricetin inhibited by 50% at days 3-5, whereas inhibition 
by morin was less than 20%. All flavonoids (except for 
morin) at 100 μM increased histamine and tryptase but not -
hexosaminidase content; equally, at days 3 and 4 of culture 
quercetin also increased the development of secretory 
granules [74]. So, different actions have been reported by 
flavonoids in mast cells. Mast cells participate in allergies, 
and also in immunity and inflammation by secreting 
proinflammatory cytokines. A recent study performed with 
40 different flavonoids in rat basophilic leukaemia cell line 
(RBL-2H3) reported that flavonoid aglycones showed a 
stronger activity for histamine release-inhibition and 
cytotoxicity than glycosides, and both activities were almost 
in parallel; baicalein behave as a good inhibitory agent but 
having a potent cytotoxicity, whereas micromolar doses of 
scutellarein inhibited significantly histamine release from 
mast cells without affecting their viability [58]. Extracts 
obtained from the leaves and branches of various Cistus 
species have been used worldwide as folk remedy for the 
treatment of various inflammatory ailments including 
rheumatism and renal inflammations. 3-O-methylquercetin, 
3,7-O-dimethylquercetin and 3,7-O-dimethylkaempherol 
were isolated as the main active ingredients from the ethanol 
extract of laurel leaved cistus Cistus laurifolius L. 
(Cistaceae). In in vivo animal models these flavonoids were 
shown to possess a strong anti-nociceptive and anti-
inflammatory activities, without inducing any apparent acute 
toxicity as well as gastric damage [75]. Kaempherol in 
crazyweed Oxytropis falcata Bunge, a wild growing 
Leguminosae plant, exhibits a strong anti-bacterial activity 
[76] but the same flavonol showed also anti-parasites activity 
[77], as well as luteolin and other flavones [78-81]. Extracts 
rich in flavonoids (quercetin, kaempherol) from hearthleaf or 
lizard tail Houttuynia cordata Thumb (Saururaceae) suppress 
Fc RI expression and the IgE binding activity in human 
basophilic cell line KU812F: reverse transcription-
polymerase chain reaction analysis showed that levels of the 
mRNAs for Fc RI-  and -chains, were decreased by the 
treatment of H. cordata extract [82]. Addition of H. cordata 
extract to culture medium was also observed to result in a 
reduction in the release of histamine from the cells [82]. 
Kaempherol was the main component able to induce this 
suppression activity, as reported also in KU812F with the 
purified flavonol from lotus Nelumbo nucifera stamens [83]. 
Kaempherol and quercetin inhibited the secretion of allergic 
mediators in RBL-2H3 cells and suppressed the CD23 
mRNA expression and p38MAPK activation in IL-4 
stimulated Caco-2 cells; the flavonols also suppressed IgE-
OVA induced extra signal-regulated protein kinase (ERK) 
activation and chemokine release [84]. Kaempherol has been 
reported to inhibit nitric oxide synthase and cyclooxygenase 
enzymes in animal models, so in turn contributing to its anti-
inflammatory activity [85]. 

 Luteolin is a flavone with a well-known anti-
inflammatory [86-88], anti-allergic and neuroprotective 
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activity [89,90], tested successfully in multiple sclerosis 
models [91,92] and recently showing even a protective role 
in carbon-tetrachloride induced liver fibrosis [93]. It is the 
main component in lemongrass (Cymbopogon citratus) 
having an anti-inflammatory activity [94]. Its role as anti-
allergic substance depends on several factors [95,96]. In 
basophils luteolin inhibits CD40 expression and AP-1 
activation [97,98]. Luteolin is able to inhibit niacin-induced 
flush in rats by acting on PGD2 and 5-HT plasma levels [99] 
and exerts an anti-asthmatic action [100,101]. Luteolin from 
Olea europea L. leaves, together with apigenin, has shown to 
exert anti-complementary activity [102]; together with 
quercetin and apigenin it plays a protective role towards 
pancreatic beta-cells injured by cytokines during 
inflammation [103]. The same flavone from Begonia 
malabarica L. or from Argentin tagetes (Asteraceae) showed 
anti-microbic properties [104,105]. The structure of luteolin, 
3',4',5,7-tetrahydroxyflavone, seems to be most suitable for 
the oral anti-inflammatory activity and that existence or 
disappearance of a hydroxyl group may cause a loss of 
efficiency [106]. Stem bark extracts from Cassia siamea 
Lam., a widespread medicinal plant traditionally used in sub-
Saharian Africa, contain kaempherol, luteolin and apigenin 
and have anti-inflammatory activity [107]. In mast cells, 
luteolin (IC50 = 3.0 μM), diosmetin (2.1 μM), and fisetin (3.0 
μM) have potent inhibitory activity on -exosaminidase 
release assay, an evidence that has suggested the authors the 
following structural requirements of flavonoids: (a) the 2-3 
double bond of flavones and flavonols is essential for the 
activity; (b) the 3- or 7-glycoside moiety reduce the activity; 
(c) as the hydroxyl groups at the 3', 4', 5, 6, and 7-positions 
increased in number, the inhibitory activities become 
stronger; (d) the flavonols with a pyrogallol type moiety (the 
3',4',5'-trihydroxyl groups) at the B ring exhibited less 
activity than those with a phenol type moiety (the 4'-
hydroxyl group) or catechol type moiety (the 3',4'-
dihydroxyl groups) at the B ring; (e) the activities of 
flavones were stronger than those of flavonols; and (7) 
methylation of flavonols at the 3-position reduced the 
activity, although several flavones and flavonols with the 4'- 
and/or 7-methoxyl groups did not obey rules (c), (d), and (e); 
in this context flavonoids such as apigenin, luteolin, 
diosmetin, fisetin, and quercetin, inhibit the antigen-IgE-
mediated TNF-  and IL-4 production from RBL-2H3 cells, 
both of which participate in the late phase of type I allergic 
reactions [108]. Anti-inflammatory property of luteolin was 
assayed also in vivo: topical application of nanoparticular 
solubilisate of Reseda luteola extract, highly rich in luteolin, 
reduced inflammation following skin irradiation with 
ultraviolet B light, resulting as effective as hydrocortisone 
[109]. Serotonin and quercetin target the same region of the 
active site of the 5-hydroxytriptamine type 2 receptor with a 
similar binding energy but quercetin having a much bigger 
inhibition constant, so suggesting that quercetin may act as a 
natural inhibitor of the receptor blocking the acute 
inflammation generated by serotonin [110]. An interesting 
bimodal and synergistic mechanism has been reported 
recently concerning interaction between flavonoids and pro-
vitamins in the inflammatory response [111]. Myricetin from 
Myrica rubra has an analgesic activity [112] and it is a 
potent anti-inflammatory agent [113]; pure myricetin, as well 
as other cognate flavones, is able to inhibit mast cell 

histamine release [114]. In ovoalbumin (OVA)-sensitized 
mice myricetin inhibited pulmonary cell migration and IgE 
and IgG1-OVA specific production, so ameliorating the 
allergic reaction [115]. Myricetin and quercetin are able to 
protect peroxide-induced DNA damage in human 
lymphocytes at higher doses than 10 μM, while silymarin, a 
mixture of flavonolignans extracted from blessed milk thistle 
(Sylibum marianum), are not [116]. Baicalein, a flavone 
sharing its structure with apigenin, luteolin and chrysin, 
inhibits histamine, leukotrienes, prostaglandin D2 and 
granulocyte-macrophage colony stimulating factor (GM-
CSF) release in human cultured mast cells (HCMC) 
activated with anti-IgE [117]. Several flavonols having a 
structure very close to quercetin such as galangin, chrysin or 
scutellarein have poorly studied regarding their possible 
action as anti-inflammatory polyphenolic substances, if we 
except the evidence reported by Limasset and colleagues on 
human neutrophils, in which chrysin and galangin inhibited 
the release of reactive oxygen species in cells stimulated by 
bacterial formylated peptides, phorbol esters or opsonized 
zymosan [118]. Chrysin and galangin are common flavonoid 
of Apis mellifera beeswax [119], propolis and honey [120-
122] and propolis suppresses leukotrienes and prostaglandins 
production in macrophages [123] or induces production of 
tumor growth factor-beta (TGF- ) [124]; galangin is a 
chemopreventive, anti-genotoxic natural compound [125] 
and an adenosine-receptor antagonist [126] but although a 
close relationship between adenosine and inflammation has 
been traced [127], no work has yet been reported on the 
effect of galangin on basophils or mast cells, even if 
galangin has shown anti-bacterial [128-131] and anti-viral 
properties [132]. Gossypetin was discovered as an anti-
inflammatory flavonol in rat carrageenin induced-paw 
oedema model [133,134] but it is also, together with fisetin 
and quercetin, an inhibitor of poly (ADP-ribose) polymerase 
1 (PARP-1) [135]. This wide panoply of actions on 
inflammation and immunity by flavonoids is really amazing 
but their mechanism of action is yet rather puzzling. 

FLAVONES AND FLAVONOLS: THEIR ACTION ON 

CELL MEMBRANE MARKERS AND CYTOKINES 

 Together with luteolin and apigenin, fisetin was reported 
to be a strong inhibitor of IL-4 and IL-13 but not of LTC4 
release in purified human peripheral blood basophils 
stimulated with anti-IgE or with IL-3+anti-IgE for 2 days 
[136]. The same flavonol is able, together with kaempherol 
and quercetin, at concentration of over 20 μM, to block IL-8 
promoter activation and gene expression induced by tumor 
necrosis factor-alpha (TNF- ) in human embryonic kidney 
cell culture (HEK293) but affected cell viability at doses 
higher than 40 μM, while kaempherol did not [137]. The 
ability of fisetin to reduce gene-expression of pro-
inflammatory cytokines, such as TNF- , IL-1 , MIP-1 , IL-
6 and MIP-2, was confirmed in mouse models [138]. In a 
rheumatoid arthritis (RA) model, hexane-extracts of lacquer 
tree highly rich in fisetin Rhus verniciflua Stokes (RVHxR), 
whose leaves are used in Chinese medicine as anti-helminth 
therapy, significantly inhibited IL-1 -induced fibroblast-like 
synovial cells (FLS) proliferation in a dose-dependent 
manner. Flavonol-rich RVHxR and fisetin significantly 
decreased IL-1 -induced inflammatory cytokines (TNF- , 
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IL-6/chemokines (IL-8, monocyte chemoattractant protein 
MCP-1), and vascular endothelial growth factor (VEGF) of 
RA FLS. At a molecular level, flavonol-rich RVHxR dose 
dependently diminished the phophorylation of extracellular 
signal regulated kinase (ERK) and phospho-Jun NH(2)-
terminal kinase (JNK), and also its down regulation induced 
by RVHxR at nontoxic concentrations, while it activated the 
phosphorylation of p38MAPK in IL-1 -stimulated RA FLS; 
pure fisetin inhibited in a dose-response manner VEGF 
production (at doses higher than 1.0 μg/ml) and revealed a 
stronger ability in inhibiting cell proliferation without IL1-  
induction than RVHxR [139]. This different behavior 
between toxic and non-toxic doses as well as between pure 
flavonoids and plant extracts, represents one of the most 
critical points of the investigation about the biological action 
of flavonoids in inflammation. As a matter of fact, most of 
the works carried out in vitro used purified aglycone 
flavonoids at micromolar doses, as plant extracts may have a 
complex and synergistic behavior when evaluated on cell 
function, due to the presence of different polyphenolic 
compounds, most of them in conjugated form and because a 
biochemical insight on the role of flavonoids in medicine 
needs to evaluate their action as purified substances. 
However, research on plant extracts is absolutely useful to 
focus onto the role of nature derived phytochemical 
complexes used in therapy and of nutraceuticals, as well as 
of human daily diet. Purified fisetin suppresses the induction 
of IL-4, IL-13, and IL-5 mRNA expression following 
stimulation with A23187 in erythroid/basophilic cell lines 
KU812 and in basophils following cross-linkage of the IgE 
receptor. Fisetin reduced IL-4, IL-13, and IL-5 synthesis but 
not IL-6 and IL-8 production by KU812 cells. In addition, 
fisetin inhibited IL-4 and IL-13 synthesis by anti-IgE 
antibody-stimulated human basophils and IL-4 synthesis by 
allergen-stimulated basophils from allergic patients [140]. 
Among the flavonoids examined, kaempherol and quercetin 
showed substantial inhibitory activities in cytokine 
expression but to a lesser extent than fisetin, which 
suppresses the expression of Th2-type cytokines (IL-4, IL-
13, and IL-5) by basophils [140]. 

 Apigenin and fisetin inhibit IL-2 secretion in 
macrophages while luteolin, galangin, quercetin and chrysin 
increased the same [141]. Pretreatment of macrophages with 
luteolin, luteolin-7-glucoside, quercetin, and the isoflavonoid 
genistein inhibited both the LPS-stimulated TNF-  and 
interleukin-6 release, whereas eriodictyol and hesperetin 
only inhibited TNF-  release. From the compounds tested 
luteolin and quercetin were the most potent in inhibiting 
cytokine production with an IC50 of less than 1.0 and 5.0 μM 
for TNF-  release, respectively [142]. In a recently reported 
work apigenin and its structural analogues chrysin and 
luteolin were used to evaluate their capacity to inhibit the 
production of pro-inflammatory cytokines by 
lipopolysaccharide (LPS)-stimulated human peripheral blood 
mononuclear cells (PBMC). Apigenin, chrysin and luteolin 
dose-dependently inhibited both pro-inflammatory cytokine 
production and metabolic activity of LPS-stimulated PBMC. 
With increasing concentration of apigenin, chrysin or 
luteolin, the monocytes/macrophages disappeared as 
measured by flow cytometry. This also appeared to occur in 
the non-LPS-stimulated PBMC. At the same time there was 
an increase in dead cells. T- and B-lymphocytes were not 

affected. Quercetin and naringenin had virtually no effects 
on cytokines, metabolic activity or on the number of cells in 
the studied cell populations. In conclusion, monocytes were 
specifically eliminated in PBMC by apigenin, chrysin or 
luteolin treatment in vitro at relatively low concentrations 
(around 8.0 μM), in which apigenin appeared to be the most 
potent [143]. Human umbilical cord blood-derived cultured 
mast cells (hCBMCs) grown in the presence of stem cell 
factor (SCF) and IL-6 were preincubated for 15 min with the 
flavonols quercetin, kaempherol, myricetin and morin (0.01, 
0.1, 1.0, 10 or 100 μM), followed by activation with anti-IgE 
antibodies. Secretion was quantitated for IL-6, IL-8, TNF- , 
histamine and tryptase levels. Release of IL-6, IL-8 and 
TNF-  was inhibited by 82-93% at 100 μM quercetin and 
kaempherol, and by 31-70% by myricetin and morin. 
Tryptase release was inhibited by 79-96% at 100 μM 
quercetin, kampferol and myricetin, but only by 39% with 
morin; histamine release was inhibited by 52-77% by the 
first three flavonols, but only by 28% with morin. Moreover, 
these flavonols suppressed intracellular calcium ion 
elevations in a dose-response manner, with morin being the 
weakest, they also inhibited phosphorylation of the calcium-
insensitive protein kinase C theta (PKC ) [144]. Flavonoids 
are also able to reduce the expression of several membrane 
markers related with cell activation during an inflammatory 
process. In human mast cells (HMC-1) lines, fisetin 
suppresses cell spreading and gene expression in cells 
stimulated by activated T cell membrane, as well as 
granzyme B expression and the induced activation of NF B 
and MAPKs; moreover, fisetin also reduces the amount of 
cell surface antigen CD40 and intercellular adhesion 
molecule-1 (ICAM-1) on activated HMC-1 cells [145]. 
ICAM-1 expression has been implicated in the processes of 
inflammation and carcinogenesis. Kaempherol, chrysin, 
apigenin, and luteolin are reported as active inhibitors of 
ICAM-1 expression [146]. In macrophages luteolin and 
quercetin at low concentration (less than 10 μM) are able to 
induce the production of anti-inflammatory and regulatory 
cytokine IL-10 [147]. 

 A study by Takano Ishikawa and coll. investigated the 
suppressive effect of flavonoids on TNF- -stimulated E-
selectin expression on HUVECs by carrying out a 
comparative examination of 37 flavonoids. Several 
flavonoids, namely fisetin, luteolin and apigenin (subclass of 
flavones), kaempherol and quercetin (flavonols), eriodictyol 
(flavanones), genistein (isoflavones) and butein (chalcones) 
exhibited an inhibitory effects. Considerations on the 
structure of flavonoids, the C2-C3 double bond of C-ring and 
4-keto functional group, were reported as essential for their 
inhibition activities [148]. Luteolin and quercetin not only 
modulated the expression of astrocytes specific molecules 
such as glial fibrillary acidic protein (GFAP), glutamine 
synthetase (GS), and ceruloplasmin (CP) both in the 
presence and absence of IL-1  but also decreased the 
elevated levels of pro-inflammatory cytokine IL-6 and 
chemokine IL-8, interferon-inducible protein (IP-10), 
monocyte-chemoattractant protein-1 (MCP-1), and RANTES 
from IL-1  activated astrocytes [149]. In PMA-stimulated 
monocyte/macrophage-like HL-60 cells, preincubation with 
20 μM -carotene significantly enhanced the release of two 
pro-inflammatory mediators, IL-8 and TNF-  and slightly 
increased the DNA-damaging ability of these cells. By 
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contrast, 2 μM -carotene had an inhibitory effect on the 
inflammatory reaction in PMA-stimulated cells [150]. The 
higher dose of -carotene also exerted pro-inflammatory 
effects in lipopolysaccharide-stimulated RAW264.7 
macrophagic cells. Furthermore, quercetin, naringenin, and 

-tocopherol partly suppressed the pro-inflammatory effects 
of 20 μM of -carotene on PMA-stimulated HL-60 cells, and 
the suppressing effects of quercetin and naringenin were 
better than or similar to those of -tocopherol. In these 
experiments quercetin also additively or synergistically 
enhanced the observed inhibitory effects of 2 μM -carotene 
on the secretion of pro-inflammatory mediators and the 
DNA-damaging ability of PMA-stimulated HL-60 cells 
[150]. In the inflammatory mechanism the pathogenesis of 
sepsis is mediated in part by the pathogen associated 
molecular pattern molecule (PAMP), bacterial endotoxin, 
which stimulates macrophages to sequentially release early 
(e.g., TNF- , IL-1 ) and late (for example high mobility 
group box 1 protein (HMGB1) pro-inflammatory mediators: 
the latter, which has been reported as a late mediator of 
lethal sepsis, has prompted investigation into development of 
several new experimental therapeutics either limiting release, 
blocking HMGB1 itself or its nominal receptors. Quercetin 
reduces circulating levels of HMGB1 in animals with 
established endotoxemia. In macrophage cultures, quercetin 
inhibited release as well as the cytokine activities of 
HMGB1, including limiting the activation of MAPK and 
NF B, two signaling pathways that are critical for HMGB1-
induced subsequent cytokine release [151]. 

FLAVONES AND FLAVONOLS: THEIR ACTION ON 

SIGNALING PROTEINS AND ENZYME ACTIVITY 

 The role of intracellular signaling, kinases, proteases, 
lipid rafts and transcription factors represents another critical 
aspect in finding a deeper comprehension of anti-
inflammatory effects of flavonoids [152,153]. Moreover, the 
presence or absence of strategic substituents in the flavonic 
ring may play a diriment role for flavonoid action in 
inflammation, as it has been shown before [154]. Flavonoids 
are nature-derived NF B inhibitors [155]. They inhibit TNF-

 induced ICAM-1 expression through an effect on this 
transcription factor [146]. Quercetin attenuates IL-1 -
induced expression of ICAM-1 mRNA and protein in a dose-
dependent manner; the flavonoid actively inhibits inhibitory 
protein of nuclear factor-kappa B (I B) degradation, and 
NF B activity [156]. In the inflammatory signaling the c-fos 
and c-jun, components of activator protein-1 (AP-1), were 
mediated by the MAPK pathway. While ERK and p38 were 
involved in the c-fos mRNA expression, JNK was involved 
in the c-jun mRNA expression. In this context the inhibitory 
effect of quercetin on ICAM-1 expression was mediated by 
the sequential attenuation of the c-fos and c-jun mRNA 
expressions. These effects by the flavonol were partially 
inhibited by a specific inhibitor of p38MAPK (SB203580), 
but not by PD98059, a specific inhibitor of extracellular 
signal-regulated kinase (ERK), and by SP600125, a specific 
inhibitor of c-Jun-N-terminal kinase (JNK), an evidence that 
suggests that quercetin negatively modulating ICAM-1 is 
partly dependent on MAPK pathways [156]. 

 The anti-inflammatory effect of apigenin and luteolin 
were reported as inhibiting the I B kinase (IKK) activity, the 

I B  degradation, the nuclear factor-kappaB (NF B) DNA-
protein binding, and the NF B luciferase activity [146]. In 
this context the transcription factor activator protein-1 (AP-
1) is involved in ICAM-1 expression. Extracellular signal-
regulated kinase (ERK) and p38 were involved in the c-fos 
mRNA expression, and c-Jun NH(2)-terminal kinase (JNK) 
was involved in the c-jun mRNA expression. All three 
mitogen-activated protein kinase (MAPK) activities were 
inhibited by apigenin and luteolin, while kaempherol and 
chrysin only inhibited the JNK activity: in this picture the 
inhibitory effects of apigenin and luteolin on ICAM-1 
expression are mediated by the sequential attenuation of the 
three MAPKs activities, the c-fos and c-jun mRNA 
expressions, and the AP-1 transcriptional activity, whereas 
IKK/NF B pathway is also involved; however, kaempherol- 
and chrysin-mediated inhibitions are primarily executed 
through the attenuation of JNK activity, c-jun mRNA 
expression, and AP-1 activity; in this scenario, the role of -
OH group at positions 5 and 7 of A ring and at position 4 of 
B ring has been reported as relevant [146]. 

 According to Lotito et al. the 5,7-dihydroxyl substitution 
of a flavonoid A-ring and 2,3-double bond and 4-keto group 
of the C-ring were the main structural requirements for 
inhibition of adhesion molecule expression [157]. 

 Flavonoids are able to interact with adenosine receptors 
[158] and this property is intriguing for evaluating the role of 
these compounds in purinergic signaling. However, a 
flavonoid has often a wide spectrum of targets and 
pleiotropic actions. Quercetin inhibits cytotoxic lymphocyte 
function [159], inhibits IL-6 production in LPS-stimulated 
neutrophils [160], regulates leukocyte biology [161] with a 
stimulus-specific action [162], affects the balance Th1/Th2 
in a murine model of asthma [163], and inhibits anaphylactic 
contraction in guinea pig ileum smooth muscle [164]. 
Luteolin suppresses adipocyte-induced macrophage 
activation by inhibiting phosphorylation of JNK [165]. 
Luteolin pretreatment attenuated LPS-induced extracellular 
signal-regulated kinase, p38, and Akt phosphorylation. LPS 
treatment of human gingival fibroblasts resulted in NF B 
translocation but cell pretreatment with luteolin abolished 
LPS effects on NF B translocation. In addition, luteolin 
treatment blocked LPS-induced cellular proliferation 
inhibition without affecting genetic material integrity [166]. 
In mouse skin epidermal kaempherol attenuated the UVB-
induced phosphorylation of several mitogen-activated 
protein kinases (MAPKs), including ERKs, p38, and JNKs, 
but had no effect on the phosphorylation of the upstream 
MAPK regulator Src [167]. Expression of the majority of 
lipopolysaccharide-induced TLR4 target genes is mediated 
through a MyD88-independent (TRIF-dependent) signaling 
pathway. Luteolin suppresses activation of interferon 
regulatory factor 3 (IRF3) and NF B induced by TLR3 and 
TLR4 agonists resulting in the decreased expression of target 
genes such as TNF- , IL-6, IL-12, IP-10, IFN , CXCL9, and 
IL-27 in macrophages. The flavonoid, as like as other 
flavone-related compound (quercetin, chrysin), inhibits also 
TBK1-kinase activity and IRF3 dimerization and 
phosphorylation, leading to the reduction of TBK1-
dependent gene expression [168]. Many intracellular 
proteins and enzymes involved in cell function are usual 
targets for flavonoids, such as protein kinase C (PKC) [169], 
cyclic AMP phosphodiesterase [170], xanthine oxidase 
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[171,172], nitric oxide sinthase [173], 1-alkil-2-lyso-sn-
glycero-3-phosphocholine (lyso PAF) acetyltransferase 
[174], 5’-nucleotidase [175], metallopeptidases [176], AMP-
activated protein kinase [177], butyrylcholinesterase [178], 
phosphoinositide-3-kinase (PI3K) of which fisetin and 
quercetin are well known inhibitors but myricetin has shown 
to be the most potent (IC50 = 1.8 μM), while luteolin and 
apigenin were also effective inhibitors with IC50 values of 8 
and 12 μM, respectively; a structure-activity study indicated 
that the position, number and substitution of the hydroxyl 
group of the B ring, and saturation of the C2-C3 bond are 
important factors affecting flavonoid inhibition of PI3K 
[179]. Flavonoids from Achillea millefolium L., traditionally 
used not only in the treatment of gastro-intestinal and hepatic 
disorders, are natural inhibitors of proteases such as human 
neutrophil elastase and matrix metalloproteinases 2 and 9 
[180]. 

ARYL HYDROCARBON RECEPTORS, FLAVONOIDS 

AND INFLAMMATION 

 The aryl hydrocarbon receptor (AhR), is a cytosolic 
protein belonging to the family of nuclear receptors, which 
controls transcription of a wide range of structurally 
unrelated genes. Chemoprotective phytochemicals exhibit 
multiple activities and interact with different receptors, such 
as aryl hydrocarbon receptors. To date, the most potent AhR 
ligand is 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). The 
aryl hydrocarbon receptor (AhR), a basic helix-loop-helix 
(bHLH) protein belonging to the Per-Arnt-Sim (PAS) 
family, is a ligand-activated transcription factor known to 
mediate biological and toxicological effects by binding 
polycyclic aromatic hydrocarbons [181]. The unliganded 
AhR forms a complex with two molecules of heat shock 
protein 90 (hsp90), hepatitis B virus X-associated protein 2 
(XAP2) and p23, and exists in the citosol [182]. In response 
to the binding of a ligand, the AhR dissociates from these 
partner proteins, translocates into the nucleus, and forms a 
heterodimer with the AhR nuclear translocator (Arnt) [183]. 
The AhR/Arnt heterodimer binds to a DNA sequence called 
the dioxin response element (DRE) and regulates the 
expression of a battery of genes including those for the 
cytochrome P450 (CYP) 1A subfamily and other responsive 
proteins [184]. Exposure to TCDD leads to a number of 
toxic effects, in particular to tumor promotion and 
immunosuppression. The function of AhR in cells and living 
organisms therefore seems to be of paramount importance. 
Its absence in AhR null mice, results in severe phenotype 
abnormalities, such as liver half size with fibrosis, 
accumulation of retinoic acid and immune system 
insufficiency. For phytochemicals as flavonoids this point 
addresses to the role of polyphenolic dietary compounds in 
drug interactions [47,185]. An important role of AhR inheres 
in its transcriptional control of several biotransformation 
enzymes (CYP1A1/2,1B1). Hence AhR is the crucial factor 
in the regulation of xenobiotic metabolism. Under 
pathophysiological conditions, such as inflammation, the 
level and activity of the AhR target gene CYP1A is 
decreased. Thus it is likely, that mediators and/or products of 
inflammation affect AhR function. Many flavonoids act as 
agonists/antagonists of AhR [186-189]. Polychlorinated 
biphenyls (PCBs) are widespread environmental 

contaminants, and co-planar PCBs can induce oxidative 
stress and activation of pro-inflammatory signaling cascades 
which are associated with atherosclerosis. The majority of 
the toxicological effects elicited by the co-planar PCB 
exposure are associated to the activation of the aryl 
hydrocarbon receptor (AHR) and subsequent induction of 
responsive genes. Quercetin, can significantly reduce PCB 
induction of oxidative stress and expression of the AHR 
responsive gene cytochrome P450 1A1 (CYP1A1), so 
suggesting that inflammatory pathways induced by co-planar 
PCBs can be down-regulated by the dietary flavonoid 
quercetin through mechanisms associated with functional 
caveolae [190]. The action of quercetin on CYP1A1 was 
assessed also in vivo [191,192]. Galangin inhibits CYP1A1 
expression induced by TCDD in Caco-2 cells [193] and 
generally flavonoids are recognized as natural anti-dioxin 
toxicity substances [194]. Anyway, along with some 
criticism about plant polyphenolic toxicity and health 
benefits [195,196], some flavones or flavonols, by 
interacting with the AhR, behave as pro-cancerogenic 
molecules, for example luteolin enhances the availability of 
benzo(a)pyrene in colon carcinoma cells [197,198]. 
Aromatic hydrocarbons such as flavonoids interacting with 
the AhR induce changes in actin cytoskeleton through an 
action on glyceraldehydes-3-phosphate [199]. Flavones and 
flavonols were stronger suppressive agents (antagonists) of 
AhR than flavanones and catechins in cell-free systems 
[200]. The interaction between these flavonoids and the AhR 
complex differs among the subclasses [201]. Actually, the 
mechanism by which flavonoids suppress the AhR-mediated 
signal transduction is not yet fully understood. In this 
mechanism might be involved PKC but not PI3K: 
LY294002, an inhibitor of PI3K suppressed the DNA-
binding action of the AhR in an independently from its effect 
on PI3K, while wortmannin did not suppress DNA-binding 
activity [200]. The flavonoid chrysin, phloretin, kaempherol, 
galangin, naringenin, genistein, quercetin, myricetin, 
luteolin, baicalein, daidzein, apigenin, and diosmin were 
investigated for their the AhR-dependent activities in Ah-
responsive MCF-7 human breast cells, HepG2 human liver 
cancer cells, and mouse hepatoma Hepa-1 cells transiently or 
stably transfected with plasmids expressing a luciferase 
reporter gene linked to multiple copies of a consensus 
dioxin-responsive element. The AhR agonist activities of the 
above listed flavonoids (1 and 10 micro M) were as high as 
25% of the maximal response induced by 5 nM TCDD, and 
their potencies were dependent on cell context. Galangin was 
active only in Hepa-1 cells, and cantharidin induced activity 
only in human HepG2 and MCF-7 cells, while luteolin was 
an AhR antagonist in both cell lines [187]. Substituted 
flavones have a significant effect on AhR function: the 
halogenated flavones exhibited competitive Ah receptor 
binding affinities (IC50 = 0.79 to 2.28 nM) that were 
comparable to that observed for TCDD (1.78 nM) [202]. The 
compounds also induced transformation of the rat cytosolic 
Ah receptor and induced CYP1A1 gene expression in MCF-
7 human breast cancer cells. Transcriptional activation of the 
human CYP1A1 gene (coding for cytochrome P450 1A1) is, 
infact, mediated by the aryl hydrocarbon receptor. Quercetin 
caused a time- and concentration-dependent increase in the 
amount of CYP1A1 mRNA and CYP1A1 enzyme activity in 
MCF-7 cells, through an involvement of AhR. Together with 
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kaempherol the flavonol is able to compete with TCDD for 
binding to a cytosolic extract of MCF-7 cells [203]. 

 As a general view, the interest in aryl hydrocarbon 
receptors from researchers devoted to flavonoid investigation 
is mainly related to chemoprevention and cancer progress, as 
flavonoids, as agonists/antagonists of AhR, are also able to 
affect cell cycle [204]. Moreover, in the inflammatory 
process AhR participates to type 1 regulatory T-cells 
differentiation induced by IL-27 [205] and links autoimmune 
disorders mediated by TH17 cells to environmental toxins 
[206], as AhR controls T(reg) and TH17 differentiation 
[207], so becoming a major point at issue in immunology 
[208,209]. Aryl hydrocarbon receptor plays a role in innate 
immunity to Listeria monocytogenes infection in mice; 
however, using the RAW264.7 and J774 murine macrophage 
cell lines and bone marrow-derived macrophages, no 
significant difference between flavonoid-treated and control 
macrophages were found and macrophages incubated with 
flavonoids alone did not exhibit a significant increase in 
release of tumor necrosis factor TNF- , a crucial cytokine in 
anti-Listeria resistance [210]. Hence, a clear relationship 
between the AhR, immunity (inflammation) and flavonoids, 
has yet to be traced. Ashida and colleagues has recently 
reviewed the dietary ligands of the AhR, by introducing 
recent articles that have demonstrated the molecular 
mechanisms by which food factors regulate the AhR 
transformation and downstream drug-metabolizing enzymes, 
namely that food factors act as antagonists because they 
basically suppress the AhR transformation by different 
mechanisms [211]. Mukai and colleagues have investigated 
the effect of apigenin, luteolin, galangin and kaempherol on 
the DNA-binding activity of AhR. They reported that these 
flavonoids suppressed the nuclear translocation of the AhR 
and dissociation of its partner proteins in mouse hepatoma 
cells Hepa-1c1c7 [200]. 

 So, which role for AhR in the anti-inflammatory activity 
of flavones and flavonols? A role for the AhR activation has 
been recently addressed concerning dendritic cells [212,213] 
and regarding the evidence that the AhR is a modulator of 
anti-viral immunity [214]. This may lead to an interesting 
debate about the relationship between pollutants, 
environmental toxins and AhR-interacting polyphenols 
[215], in which a more complex picture of innate and 
adaptive immunity, involving antigen presenting cells and 
Th17, including autoimmunity disorders, should be 
forwarded [216,217]. 

EFFECT OF QUERCETIN ON BASOPHILS AND 

MAST CELLS 

 The anti-allergic role of quercetin and other flavonoids 
was reviewed recently by Kawai and colleagues [218] but 
this property has been known for many years [219]. 
Basophils are circulating blood granulocytes involved in 
hypersensitivity (atopic) and anaphylactic reactions 
[220,221], which are able to promote chronic allergy 
inflammation [221,222], to regulate Th2 cell function 
[223,224] and immune cell memory [225,226] and even to 
behave as antigen presenting cells [227]. When activated, 
basophils degranulate to release histamine, proteoglycans 
(e.g. heparin and chondroitin), and proteolytic enzymes (e.g. 
elastase and lysophospholipase). They also secrete lipid 

mediators like leukotrienes (LTC4, PGD2), express cysteinyl 
leukotrienes (LTD4, LTE4) receptors [228], produce several 
important cytokines (IL4, IL6, IL13, IL3) [229-232] and 
express activation-related membrane markers [233], many of 
them useful to focus onto basophil cell function and to allow 
the diagnosis of allergy [234,235]. Histamine and 
proteoglycans are pre-stored in the cell's granules while the 
other secreted substances are newly generated. Each of these 
substances contributes to inflammation [236]. Since the first 
description by Paul Ehrlich [237] basophils have been 
recognized as unique, white-blood cells with metachromatic-
staining properties. The outstanding characteristics of 
basophils, including expression of high-affinity receptors for 
IgE, histamine content, and metachromatic staining, are also 
prerogative of tissue-dwelling mast cells, with which 
basophils share a common hematopoietic lineage [238]. Mast 
cells and basophils are hence granulated metachromatic cells 
which possess complex and partially overlapping roles in 
acquired and innate immunity, including both effector and 
regulatory activities, but more recently basophil has gained 
new consideration about its strategic role in immunity [222]. 
Like other granulocytes basophils are motile cells; along 
with the progression of allergic reactions, basophils migrate 
from the blood compartment to inflamed tissues and function 
as allergic, inflammatory cells. Mast cells and basophils 
cooperate in exacerbating [239] and/or modulating 
inflammation as well as in mediating subsequent tissue 
repair [240]. During inflammation mast cells release a series 
of potent pro-angiogenic molecules that stimulate both 
vessel sprouting and new vessel formation. Recently 
reported data suggest that basophils may also play a role in 
inflammation-related angiogenesis, mainly through the 
expression of several forms of vascular endothelial growth 
factors and their receptors [240]. This evidence is interesting 
as quercetin exerts anti-angiogenic actions [241-243] and 
due to this property it has a therapeutic effect in atopic 
dermatitis [244] and works in asthma models [245,246]. 
Some authors reported that the effects of circulating 
quercetin conjugates on angiogenesis were significantly 
different depending on the nature of the conjugate, as 
quercetin-3’-sulphate was pro-angiogenic while quercetin-3-
glucuronide was anti, so that inhibition or activation of 
angiogenesis could be subtly shifted as a result of 
metabolism in vivo [243]. 

 Research on basophil biology is hampered, nevertheless, 
by their paucity in peripheral blood, which results in scant 
yields and leads to a little feasibility of their isolation, often 
forcing the researcher to time consuming and quite 
expensive approaches for their purification; moreover, the 
lack of genetic homogeneous cell lines and of knock out 
animal models and finally the existence of a relatively high 
response variability among healthy population, have 
rendered it very difficult to study these leukocytes. These 
facts had shifted de facto the attention mainly towards rather 
more easily to hand mast cell lines [247]. 

 Generally, most of the in vitro study about the action of 
quercetin on leukocytes and other cells involved in 
inflammation was performed by using pure aglycone-
dihydrate quercetin. Quercetin aglycone is able to inhibit 
histamine release in human basophils when they are 
activated with various agonists [248-253] and to inhibit 
peptide presentation in antigen presenting cells [254]. 
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Histamine release of basophils from allergic subjects 
reporting a history of ragweed hay fever and positive prick 
test with 1:20 ragweed extract was inhibited by doses of 
quercetin ranging from 5,0 to 50 μM: the highest inhibition 
was observed on basophils stimulated with an IgE-mediated 
agonist, such as anti-IgE, allergens or concanavalin A 
(ConA), whereas a lower inhibitory effect was shown on 
basophils triggered with non-IgE mediated agonists, such as 
calcium ionophore A23187, phorbol esters (PMA) or 
bacterial formylated peptides (fMLP) [251]. This first 
evidence of a stimulus-dependent action of the aglycone 
flavonoid on basophilic cells was consistent with the 
inhibitory activity of quercetin on rat mast cells and on the 
release of the granule-associated enzyme -glucuronidase in 
rabbit polymorphonuclear leucocytes [255]. The use of 
basophil histamine release to study the effect of quercetin 
and other flavonic compounds, was reported as the simplest 
and more reliable way to evaluate basophil degranulating 
response to agonists [256,257], though this approach has yet 
several technical limitations [258]. In the whole blood 
medium basophil response depends on the presence of other 
leukocytes and some author has postulated the hypothesis 
that the effect of flavonoids on basophils in cell buffered 
suspensions containing other leukocytes might be due to 
their antioxidant property or to an action towards hydrogen 
peroxide stimulation of histamine induced by neutrophils 
[259]. Flow cytometry has changed dramatically the 
technical approach by which basophil activation could be 
evaluated [234,260]; however very few works used flow 
cytometry to study the effect of flavonoids on basophils. In 
basophils quercetin inhibits the expression of many 
membrane molecules that are up-regulated following cell 
activation, as like as CD63 and CD203c; this effect is more 
pronounced with anti-IgE than with the calcium ionophore 
A23187 and when the granule-associated marker CD63 is 
considered [261]. In basophils quercetin has shown a 
biphasic stimulus-dependent behavior [261]; actually, some 
agents are able to induce an hormetic mechanisms in 
leukocytes. For example low concentration of hydrogen 
peroxide appears to augment and high concentration to 
inhibit histamine release induced by anti-IgE in human 
basophils [259] and that hydrogen peroxide impairs 
inflammatory mediator release in RBL-2H3 basophilic/mast 
cell line [262]. 

 Quercetin is known as a natural inhibitor of mast cell 
exocytosis since many years [263]; quercetin from plant 
extracts is able to induce downregulation of the 
degranulatory response in mast cells as like as the purified 
compound [264,265]. Although, in the past, it was 
chemically and functionally related to cromoglycate [95] its 
inhibitory function did not always correlate with this anti-
allergic compound [266]; while quercetin is able to inhibit 
RBL-2H3 degranulation, as assayed by the -exosaminidase 
release, cromoglycate and ketotifen are uneffective on the 
degranulatory event stimulated by anti-IgE or A23187 [267]. 
Martin and coll. using cromoglycate and quercetin as 
inhibitors of mast cell, showed that cromoglycate suppressed 
its target nucleoside diphosphate kinase (NDPK) at 
millimolar dose range, while quercetin at micromolar 
concentration, leading to the consequent failure to generate 
GTP [268]. Inhibition by quercetin is reversed by using an 
inhibitor of heme-oxygenase 1 (HO-1), an evidence that has 

suggested a role for this enzyme in rat mast cell 
degranulatory response: HO-1 activity is upregulated 
following short exposure to the flavonoid, while a longer 
incubation of RBL-2H3 with quercetin leads also to an 
increase in HO-1 expression [269]. Stimulus-coupled 
response of quercetin towards mast cell function has been 
reported for many years: quercetin inhibits significantly mast 
cell degranulation and histamine release when cells are 
stimulated with antigens, anti-IgE, ATP and concanavalin A 
but very little when stimulated with calcium ionophores 
[263]. This stimulus-related response was reported also for 
quercetin in feverfew (Tanacetum parthenium) [270]. Some 
experiments of our laboratory have shown that in human 
basophils activated with calcium ionophore A23187 
quercetin is able to decrease only CD63 membrane up-
regulation, which is associated with degranulation, but not 
that of CD203c (unpublished data). In a work of Kurose and 
coll. when histamine release was elicited by adding Ca-

++
 at 

various times after antigen-stimulation of sensitized cells in 
Ca

++
-free medium, the drugs to be tested were added shortly 

before each Ca
++

 addition. Quercetin was effective only 
when added before or immediately after antigen challenge, 
theophylline and disodium cromoglycate (DSCG) were 
active irrespective of the time interval between antigen and 
Ca++ addition while verapamil was more effective when 
added before or simultaneously with antigen than when 
added later. This evidence, together with other results after 
performing two-stage experiments, led to the suggestion that 
quercetin selectively and verapamil primarily act to block 
calcium-gate opening resulting from antigen-antibody 
interaction on the mast cell membrane, while theophylline 
and DSCG selectively inhibit the passage of calcium through 
open calcium channels [271,272]. This mechanism is 
compatible also with the hypothesis that quercetin may act 
on phosphoinositide-3 kinase [273]. However, the role of 
calcium was questionable as quercetin was able to inhibit 
histamine release even in a calcium-free medium, so 
suggesting that an alternative explanation for its action 
should be sought [274-276]. A question whether A23187, the 
main calcium-related segretagogue of basophil or mast cell 
function, could by-pass inhibition by calcium flux blockers 
also arose [277]. The role of calcium, therefore, is still a very 
hot topic. Another great issue dealing with the molecular 
action of quercetin is phosphoinositide-3-kinase target. 
Previously published reports have shown that quercetin is 
able to inhibit PI3K by binding to the catalytic pocket of the 
enzyme: as for instance, LY294002, a synthetic inhibitor of 
PI3K, has actually a chemical kinship with the flavonoid 
quercetin [278]. Quercetin can interact with the phosphatidyl 
inositol signaling system, leading to the blockage of 
membrane Ca

++
-channels (see Fig. 3). The IC50 for quercetin 

as an inhibitor of PI3K is around 1,8-20 μM [179], which 
corresponds to the inhibitory range observed in previously 
reported results [261]. Fig. (3) describes in a cartoon the 
possible effects of quercetin on an IgE-mediated stimulation 
pathway and on a non-IgE-mediated stimulation one, mainly 
through an action towards PI3K and the phosphatidyl 
inositol signaling system. 

 Previous reports have shown that sub-micromolar 
concentrations of quercetin inhibit IgE-mediated activation 
of basophil and primes a G-coupled receptor signaling, such 
as formyl pepides receptors [261]. 
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 Taking into account the downstream signaling pathway 
of Fc RI-anti-IgE complex, a suggestion would come that 
the inhibition of PI3K leads to the loss of phosphorylation of 
downstream kinases such as Bruton’s tyrosine kinase (BTK) 
[279] which in turn is able to phosphorylate PLC , thus 
leading to the production of inositol-1,4,5-triphosphate (IP3) 
and to diacylglycerol (DAG) from the precursor 
phosphatidylinosytol-4,5-biphosphate (PtdIns 4,5-P2 or PIP2) 
(Fig. 3A). While DAG remains to the membrane, IP3 
diffuses to the cytosol and binds to and activates the InsP3 
receptor on the membrane of the endoplasmic reticulum 
(ER), opening a calcium channel, resulting in the release of 
Ca

2+
 into the cytoplasm. Inhibition of IP3 leads to 

suppression of [Ca
++

]int signaling, necessary for the 
degranulatory event. DAG is able to activate protein kinase 
C (PKC), which in turn activates membrane markers up-

regulation and histamine release (Fig. 3B) [280]: inhibition 
of DAG suppresses this function. Warner JA and coll. 
observed that the amount of histamine release associated 
with activation of basophils through IgE receptor 
aggregation, among different preparations of basophils, was 
found to be correlated to an increase in membrane bound 
PKC-like activity [281]. These results also suggested that 
PKC activation may have a role in IgE-mediated histamine 
release in human basophils and that quercetin might inhibit 
basophil function by blocking DAG precursor for PKC in the 
upstream signaling pathways. The inhibition of PI3K by 
quercetin would also prevent the formation of 
phosphatidylinositol 3,4,5-triphosphate (PtdIns3,4,5-P3) 
which activates extracellular calcium influx by membrane 
Ca

++
 channels (Fig. 3C) [282]. The effect on PI3K signaling 

has an effect also on other intracellular signaling systems 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Cartoon describing the possible targets of quercetin in human basophils leading to its biphasic effect on cell function. Pathways of 

inhibition (-) or priming (+) by quercetin in the basophil. (A) inhibition at the level of IgE-Fc RI, through suppression of Syk and receptor-

related tyrosine kinases or of PI3K, leading to the inhibition of PLC  and of IP3-induced [Ca
++

] from intracellular stores and blockage of 

degranulation, histamine release, CD63 ed CD203c up-membrane expression; (B) the involvement of DAG and PKC may be biphasic, as in a 

G-protein coupled response degranulation and activation markers membrane expression are upregulated (primed) through a probable 

activation of DAG. However, quercetin is insensitive on PMA triggering; (C) PI3K inhibition may lead to blockage of extracellular calcium 

entry from calcium channels and (D) to intracellular kinases signaling leading to gene expression and byosynthesis of eicosanoids; (E) effect 

on fMLP-G-protein-coupled seven spanning receptor explained in the text. Inhibition of G-related PI3K may lead to a disfunction in G-

protein receptor kinase (GRK) which cannot desensitize G-coupled receptor, leading to a sustained response (for example of PLC ), (F) 

effect on calcium-calmodulin signaling pathway. See text for further explanation. Q = possible consensus targets of quercetin. 
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leading to gene transcription, such as the PDK1-AKT-NF B 
pathway and the RAC-MKK3/6-p38-MAPK pathway, which 
lead to many other intracellular function, such as 
cytoskeleton and actin modelling, intracellular transport of 
molecules to membrane, granules transport and gene 
transcription (Fig. 3). Quercetin acts also on the upstream 
Fc RI-signaling pathway by interacting with src-kinases and 
spleen tyrosine kinase (Syk) [283], so affecting also the 
Grb2-SOS-Ras-Raf-1-MAPK signalling pathway leading to 
LTC4 and PGD2 production (Fig. 3D). 

 Previous unpublished data from our laboratory have 
shown that the effects of quercetin were superimposable to 
those of wortmannin (a potent PI3K inhibitor [284,278]); 
this evidence strongly suggests a role for PI3K in the dual 
effects performed by the flavonoid. G-protein coupled 
receptors, such as the fMLP receptor, activate the PI3K  
isoform through interactions with G  of the PI3K p101 and 
p110  subunits [285]. Increasing evidence suggests that 
monomeric p110  may function as a downstream regulator 
of G-protein coupled receptor dependent signal transduction 
[285]: G  is able to activate a G-coupled receptor kinase 
(GRK) which desensitizes the receptor. Interactions of 
quercetin with this G -p101/p110  might exert an action 
leading to these possible results: a) the inability of G  
sequestered by p101/p110  complex to activate G-coupled 
receptors kinases (GRKs) and to desensitize the receptor, 
leading to a priming mechanism for example by inducing a 
sustained activation of downstream protein kinases involved 
in membrane molecule up-displacement and intracellular 
signaling, such as p38-MAPK [286]; b) the long-lasting 
activation of G -associated PLC  due to a defect in the 
G /PI3K dissociation, leading to an increase in signaling 
mediators able to trigger the degranulation event (by IP3-
calcium signaling or by the activation of DAG-PKC 
pathway), so resulting in a priming effect (Fig. 3E). 

 Previous reports have shown that the flavonol proved 
insensitive to target protein kinase C (PKC), as resulted from 
the use of PMA as basophil stimulant [251]: quercetin was 
unable to inhibit CD63 and CD203c membrane up-
regulation in basophils stimulated with phorbol esters and no 
dissociation between the two markers investigated was 
actually observed by using PMA [233]. So, PKC pathway 
triggered by PMA, and presumably by other physiologic 
stimulants, is a quercetin-indipendent route to basophil 
activation (see also Fig. 3B). 

 Previous works has reported that CD203c and CD63 
upregulation in response to calcium signal by A23187 
showed different kinetics [235], an evidence that probably 
suggests different pathways of calcium involvement in the 
expression of the two markers [287]. These results indicate 
that the calcium-mediated signaling is essential both for the 
LAMP-3 CD63 and for the ENPP-3 CD203c upregulation, 
as A23187-mediated calcium influx stimulates both the 
expression of basophil activation markers and histamine 
release, but on the same time they suggest also that the 
transduction pathway diverges in two distal branches, one of 
which (LAMP-3) is sensitive to quercetin and is related to 
the degranulatory event [258], the other is much more 
resistant to this inhibition. It is well known that A23187 
promotes the activation of Ca

++
/calmodulin pathway [288], 

which is inhibited by quercetin [289]. Calmodulin constitutes 

an obligate link in signal transduction pathways leading to 
human leukocyte histamine release if the trigger is a calcium 
ionophore but not when responses are induced by anti-IgE, 
fMLP or PMA [288]. Quercetin ability to target calmodulin 
drives to the suggestion that those events inhibited by the 
flavonoid, i.e. the histamine release and CD63 membrane 
up-regulation, were presumably related to a Ca

++
/calmodulin 

dependent pathway in basophils activated with A23187, 
while the expression of CD203c, which was not significantly 
affected by the flavonoid even at its highest dose, might be a 
calmodulin-independent event. This marker is probably 
translocated to the membrane by other calcium dependent 
vesicular-transport mechanisms [290] (Fig. 3F). 

 Quercetin can stabilize mast cell membrane [291], so 
being able to attenuate epithelial responses of guinea pigs 
colonic mucosa to T. spiralis [292]. A role for mast cell in 
neurological disorders has been also traced. Among mast cell 
products, the protease tryptase could be associated with 
neurodegenerative processes through the activation of 
specific receptors (PARs) expressed in the brain, while 
interleukin IL-6 likely causes neurodegeneration and 
exacerbates dysfunction induced by other cytokines; or it 
could have a protective effect against demyelinisation. 
Quercetin causes a decrease in the release of tryptase [293] 
and IL-6 and the down-regulation of histidine decarboxylase 
(HDC) mRNA from human mast cell (HMC)-1 cells, 
suggesting a role for quercetin as a therapeutical molecule 
for neurological diseases mediated by mast cell 
degranulation [294]. 

 Rat basophilic leukemia (RBL) cells are similar to bone-
marrow derived mast cells and to mucosal mast cells 
(MMC), the latter of which may be involved in inflammatory 
bowel diseases. RBL cell lines are not able to accumulate 
histamine and secretory granules under regular growing 
conditions; the flavonoid quercetin inhibits mast cell 
secretion of histamine and cell proliferation and constitutive 
histamine release while it induced synthesis of rat mast cell 
protease (RMCP) II [295] and triggered processes leading to 
accumulation of secretory granules; moreover, cell viability 
was retained in the presence of quercetin, whereas untreated 
cells did not survive after 6 days of growth [296]. In these 
cells quercetin did not affect the expression of mRNA for 
alpha-subunit of immunoglobulin E (IgE) receptor, but led to 
increased expression of mRNA for, and synthesis of RMCP 
II, which is a marker protein for MMC [296]. Other evidence 
reported that in RBL-2H3 cell line quercetin induces 
differentiation and maturation [297]. Sagawa and coll. have 
studied hop water extract (Humulus lupulus L.) (HWE) by 
evaluating histamine release from human basophilic KU812 
cells induced by calcium ionophore A23187. HWE 
significantly inhibited histamine release, but boiling water 
extract and chloroform-methanol extract did not show any 
inhibitory effect on it. A 50% methanol-eluted fraction 
separated from HWE by XAD-4 column chromatography 
(MFH) had a strong inhibitory effect as compared with 
HWE. Quercetin glycosides and kaempherol glycosides were 
identified in MFH, of which quercetin glycosides contributed 
to the inhibition of histamine release [298]. Quercetin in 
Brazilian herbal medicine from Cissus sicyoides aerial parts 
inhibits mast cell degranulation and histamine release in 
RBL-2H3 cell line [299]. Secretagogues such as mastoparan, 
compound 48/80, substance P, and somatostatin stimulate 
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secretion in rat peritoneal mast cells through direct activation 
of the heterotrimeric G protein, G(i-3). Cultured RBL-2H3 
mast cells do not normally respond to these secretagogues, 
but they can do so after prolonged exposure to quercetin 
[300]. This flavonol, causes phenotypic changes in RBL-
2H3 cells and induces a substantial increase (more than 
sevenfold) in the expression of alpha subunits of the 
pertussis toxin-sensitive G proteins, G(i-2) and G(i-3) [300]. 
Long term incubation of rat mast cells with quercetin 
markedly stimulates Ca

++
-dependent exocytosis and release 

of arachidonic acid; in these cells undergoing prolonged 
quercetin treatment a reduction of membrane GTPase 
compared to ATPase activity was also observed [301], while 
quercetin + compound 48/80 induced an increase in GTPase 
and phospholypase D activity and augmented transiently also 
phospholypase C function [302]. 

 Along with other flavones, quercetin was considered as a 
transport ATPase inhibitor [263]. In rat peritoneal mast cells, 
quercetin showed an immediate inhibitory effect at 
micromolar concentrations on histamine release mediated by 
antigen or ConA cross-link of Fc RI, and by ATP but it had 
little effect on release induced by calcium ionophores 
A23187 and X537A [263]. The role of membrane Ca

2+
/Mg

2+
 

activated ATPase for histamine release in mast cells, 
together with the differential action of flavones on calcium 
ionophores activated cells, havegiven hope about the 
balancing role of calcium in modulating flavonoid response 
as anti-inflammatory agents [303]. The activity of quercetin 
in absence of exogenous calcium could not be simply 
explained in terms of its postulated ability to block 
movement of the cation from the external environment into 
the cell and so, alternative modes of action had to be 
considered [275]. In human cultured mast cells (HCMCs) 
Kimata and coll. showed at 1-100 μM a concentration-
dependent inhibition of IgE-mediated histamine release by 
quercetin and other flavonoids: also in this work cells 
activated by the calcium ionophore A23187 showed a lower 
inhibitory dose-dependent response to quercetin than IgE 
[117]. 

CONCLUSIONS 

 Flavones and flavonols appear to be the main anti-
inflammatory plant-derived compounds worth considering as 
potential anti-inflammatory drugs in medicine. An outline of 
these compounds in inflammation has not yet been traced, 
despite the enormous amount of evidence reported in the 
literature. The wide heterogeneity of molecular targets, even 
if it is possible actually to define few strategic components 
of cell signaling and function thoroughly targeted by most of 
flavonoids, and the frequently complex, synergistic, or 
biphasic action played by these compounds, makes quite 
difficult to address an application of flavonoids in drug 
therapy and pharmacology. Furthermore, some evidence 
showing a comparable or greater effectiveness of phyto-
extracts compared with compounds in the form of aglycones, 
has lately moved the attention to the action of flavonoids in 
the natural preparations. Almost all the effects reported for 
flavones and flavonols in inflammation are related to 
micromolar (sub-millimolar) concentration ranges of the 
polyphenolic compounds: this issue raises criticism about the  
 

possible genotoxic or cytotoxic action of these substances as 
well as their effective dose from conjugated forms in 
bioavailability assay. Biphasic and modulatory action of 
quercetin observed at nanomolar doses in basophils, as well 
as other biphasic mechanisms reported at low micromolar 
concentrations, which are very close to many reported issues 
on flavonoid dietary plasma levels, suggest that a role for 
these compounds in human health can be traced by further 
investigating their balancing and complex regulatory action 
in cell function, rather than their inhibitory property. The 
study of a few simple cellular models such as basophils and 
mast cells and of few chemically close-related flavonoids, 
may perhaps contribute in the next future to a clearer 
explanation of the role of these natural substances in human 
biology. 
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ABBREVIATIONS 

Akt = A family of protein kinases known also as 
protein kinases B (PKB) 

ENPP = Endo-nucleotidase-pyrophosphatase-
phoshpodiesterase 

Fc RI = High affinity receptor for IgE 

IFN-  = Interferon-beta 

IL = Interleukin 

LAMP = Lysosome-associated membrane protein 

MFH = Metformin hydrochloride 

MIP-1  = Macrophage inflammatory protein-1alpha 

MIP-2 = Macrophage inflammatory protein-2 

MyD88 = Myeloid differentiation primary response 
gene 88, a protein used as adaptator in mice of Toll-like 
receptors 

PGD2 = Prostaglandin D2 

PGE2 = Prostaglandin E2 

RANTES = A chemokine, namely regulated upon  
   activation normal T cell expressed and  
   secreted 

RAW 264.7 = A mouse macrophage cell line 

TBK-1 = Tank binding kinase-1, a serine/threonine  
   protein kinase 

TLR = Toll-like receptor 

TRIF = TIR-domain containing adapter inducing  
   interferon-beta, is an adapter in responding  
   to activation of toll-like receptors 

XAD-4 = Amberlyte XAD-4 is a commercial  
   polymeric resin for chromatography of  
   phenolic substances 
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