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INTRODUCTION

In recent years, nutritionists have shown an increased in-
terest in plant antioxidants which could be used in unmodi-
fied form as natural food preservatives to  replace synthetic 
substances [Kaur & Kapoor, 2001]. Plant extracts contain 
various antioxidant compounds which occur in many forms, 
thus offering an  attractive alternative to  chemical preserva-
tives. A small intake of these compounds and their structural 
diversity minimize the  risk of  food allergies. Additionally, 
the substances isolated from edible plants are the least toxic 
to  a  human body. For this reason, the  naturally occurring 
bioactive compounds, that may act in  synergy with drugs 
in pharmacological applications, can be adapted in “combi-
nation therapy”, thus enabling the use drugs at lower concen-
tration but with an  increased efficiency [Russo, 2007]. This 
strategy can play a major role in the future of cancer preven-
tion [Reddy et al., 2003]. This aspect of research is presently 
at the developmental phase, but the search for new substances 
occurring naturally in plants to be used as food preservatives 
or as a new therapeutic agents shifts the scientists’ focus to, 
among others, phenolic compounds [Singh, 2002].

Quercetin, a flavonol occurring in fruit and vegetables is 
a  food component with proven beneficial impact on health 
[Kaur & Kapoor, 2001]. Its biochemical activity is well docu-
mented. It is one of the most potent antioxidants among poly-
phenols [Formica & Regelson, 1995; Prior, 2003; Rice-Evans 
et al., 1997]. Quercetin has also been demonstrated to display 
the  antiviral, antibacterial, anticarcinogenic and antiinflam-
matory effects [Di Carlo et al., 1999; Formica & Regelson, 
1995; Harborne & Williams, 2000]. The  anticarcinogenic 
properties of  quercetin result from its significant impact 
on an  increase in  the apoptosis of mutated cells, inhibition 

of  DNA synthesis, inhibition of  cancerous cell growth, de-
crease and modification of cellular signal transduction path-
ways [Erkoc et al., 2003].

In food, quercetin occurs mainly in a bounded form, with 
sugars, phenolic acids, alcohols etc. After ingestion, deriva-
tives of quercetin are hydrolyzed mostly in the gastrointes-
tinal tract and then absorbed and metabolised [Scalbert 
& Williamson, 2000; Walle, 2004; Wiczkowski & Piskuła, 
2004]. Therefore, the content and form of all quercetin de-
rivatives in  food is significant for their bioavailability as 
aglycone. Progress in  highly sensitive and high-precision 
testing equipment made scientists able to isolate and iden-
tify compounds which sometimes occur in marginal quan-
tities and are characterised by a highly complex structure. 
The  number of  new natural plant substances described 
in literature, including quercetin derivatives, is still increas-
ing. This progress is illustrated by the fact that in the fla-
vonol group, more than 230 new compounds were identified 
in  the  years 1986-1992  [Harborne 1994], while 180  new 
structures were isolated in  the years 2001-2003 [Williams 
& Grayer, 2004]. Research into the  biological properties 
of  the  flavonoid derivatives has become popular as well. 
The  list of  investigated substances includes compounds 
with antioxidant properties as a  potential source of  food 
preservatives [Smith-Palmer et  al., 2001; Vurma et al., 
2006], compounds with antibacterial and antiviral prop-
erties as an  alternative to  antibiotics [Chun et al., 2005; 
Shetty, 2004] as well as substances with allelopathic prop-
erties which could replace pesticides and insecticides [Sim-
monds, 2001; Souto et al., 2000]. This paper focuses on 
quercetin derivatives most frequently occurring in  the na-
ture to determine the impact of their chemical structure on 
the physical properties and biological activity.
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Quercetin is one of the major dietary flavonoids belonging to a group of flavonols. It occurs mainly as glycosides, but other derivatives of quercetin 
have been identified as well. Attached substituents change the biochemical activity and bioavailability of molecules when compared to the aglycone. 
This paper reviews some of recent advances in quercetin derivatives according to physical, chemical and biological properties as well as their content 
in some plant derived food.
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CHEMISTRY OF QUERCETIN DERIVATIVES

Structure
A  molecule of  quercetin (1) (Figure 1), contains five hy-

droxyl groups whose presence determines the  compound’s 
biological activity and the  possible number of  derivatives. 
The  main groups of  quercetin derivatives are glycosides and 
ethers as well as the less frequently occurring sulfate and prenyl 
substituents [Harborne, 1994; Williams & Grayer, 2004]. More 
than half of  flavonol structures identified in  the  past decade 
are compounds containing alkyl substituents in their molecules 
[Williams & Grayer, 2004]. The content of few common quer-
cetin derivatives in some fruits and vegetables is shown in Table 
1. The main groups of quercetin derivatives are characterized 
below, while their chemical structure is shown in  Figure 1, 
the number of compound is labeled in parenthesis.

Glycosides
Quercetin O-glycosides are quercetin derivatives with 

at least one O-glycosidic bond which are widely distributed 
in  the plant kingdom. Practically every plant contains com-
pounds of  this group, and some, like onion, contain vast 
quantities of  these substances in  highly diversified forms 
[Fossen et al., 1998]. The most common quercetin glycosy-
lation site is the  hydroxyl group at C-3  carbon. Quercetin 
3-O-glycosides occur as monosaccharides with glucose, ga-

lactose, rhamnose or xylose. These compounds are found 
in various fruits and vegetables (Table 1) and other anatomi-
cal parts of plants [Wiczkowski & Piskuła, 2004]. Quercetin 
3-O-glucoside (2) was found, among others, in  sage [Lu & 
Foo, 2002] and mango fruit [Berardini et al., 2005], whereas 
quercetin 3-O-rhamnoside (3) was detected in spinach [Kuti 
& Konuru, 2004], olive oil [Ryan et al., 1999] and peppers 
[Materska et al., 2003]. Quercetin bounded to disaccharides 
is also frequently detected in plants, an example of such de-
rivative is rutin: 3-O-rhamnosylglucoside (4). Significant 
quantities of this compound are found in tea [Erlund, 2000], 
spinach [Kuti & Konuru, 2004], chokeberries [Slimestad et 
al., 2005a] and buckwheat [Kalinova et al., 2006; Oomah & 
Mazza, 1996]. In  addition to  monosaccharides and disac-
charides, sugar chains with three-, four- and five saccharide 
moieties have also been identified in quercetin 3-O-glycoside 
derivatives [Harborne, 1994; Williams & Grayer, 2004]. An-
other glycosylation site which occurs in quercetin derivatives 
is hydroxyl group at C-7  carbon. Quercetin 7-O-glucoside 
(5) which is found e.g. in beans [Chang & Wong, 2004], is 
an example of this derivative. Yet, glycosylation at C-7 is more 
frequently accompanied by C-3 substitution of –OH group, 
3-O-rhamnoside-7-O-glucoside (6) is such a  compound 
found in peppers [Materska et al., 2003].

C-glycosides are another type of quercetin derivatives, but 
these compounds occur relatively rarely in nature. The most 

Table 1. Contents of some quercetin derivatives in plant derived products.

Quercetin derivatives Source
Content (mg/kg)

References
d.m. f.m.

Quercetin 3-O-galactoside

Mango – fruits
Plums

Blueberry
Cranberry

Chokeberry
Lingonberry

76-1470
~ 35
146
97

415
118

Berardini et al. [2005]
Kim et al. [2003]

Zeng & Wang [2003]
Zeng & Wang [2003]
Zeng & Wang [2003]
Zeng & Wang [2003]

Quercetin 3-O-glucoside

Mango-fruits
Beans
Plums
Onions

77-1045
100-690

12-22
9-37

Berardini et al. [2005]
Chang & Wong [2004]

Kim et al. [2003]
Nemeth & Piskuła [2007]

Quercetin 3-O-xyloside Mango – fruits 10-278 Berardini et al. [2005]

Quercetin 3-O-rhamnoside

Mango – fruits
Pepper – fruits

Cranberry
Lingonberry

0-116
113-993

55
109

Berardini et al. [2005]
Materska & Perucka [2005]

Zeng & Wang [2003]
Zeng & Wang [2003]

Quercetin 3-O-glucuronide Lettuce
Chicory

0-730
81-1065

Nicolle et al. [2004]
Innocenti et al. [2005]

Quercetin 7-O-glucoside Beans 20-120 Chang & Wong [2004]

Quercetin 3-O-diglucoside Beans 120-640 Chang & Wong [2004]

Quercetin 3,4’-diglucoside Onions 169-1372 Nemeth & Piskuła [2007]

Quercetin 3-O-rhamnoside-7-O-glucoside Pepper – fruits 130-365 Materska & Perucka [2005]

Quercetin 3-O-rutinoside (rutin)

Plums
Cherries

Tomatoes
Buckwheat – leaves 
Buckwheat – seeds

Chokeberry

35-98 x 103

442-511

28-77
18-137
3.2-9.2

10-49 x 103

710

Kim et al. [2003]
Goncalves et al. [2004]
Slimestad et al. [2005b]
Kalinova et al. [2006]

Oomah & Mazza [1996]
Slimestad et al. [2005a]

Quercetin 3-O-6’’-acetylglucoside Beans 10-50 Chang & Wong [2004]

Quercetin 3-methyl ether Honey 2-3.3 Yao et al. [2003]

Quercetin 3,3’-dimethyl ether Honey 0.3-2.1 Yao et al. [2003]
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frequent site of C-glycosylation is the C-6 carbon, e.g. in 3, 
4, 7, 3’, 4’-pentahydroxy-6-glucose flavon (7) which was first 
identified in Ageratina calophylla [Harborne, 1994].

The  number of  naturally occurring quercetin glycosides 
may be higher due to the fact that sugar moiety can addition-
ally contain acyl and sulfate substituents [Williams & Grayer, 
2004]. Acyl derivatives include links with aliphatic acids, such 
as acetic, malonic and 2-hydroxypropionic acid, or aromatic 
acids, including benzoic, gallic, caffeic and ferulic acid [Har-
borne, 1994]. Quercetin 3-(2’’-acetylgalactoside) (8), found 
in St. John’s wort, is an example of an acyl derivative of quer-
cetin which was identified in the last decade [Jürgenliemk & 
Nahrstedt, 2002]. Sulfate derivatives of quercetin occur rela-
tively rarely in nature. The compounds identified in the recent 
years include 3-sulfate-7-O-arabinoside (9), found in  salt-
bush [Williams & Grayer, 2004] and quercetin 3-O-glucoside-
3’-sulfate (10), found in the cornflower [Flamini et al., 2001].

Ethers
Ether bonds may be formed between every hydroxyl group 

of a quercetin molecule and an alcohol molecule, mostly meth-
anol [Harborne, 1994]. Quercetin may contain up to five ether 
groups in various configurations. Wide distribution of querce-
tin ethers is indicated by the fact that nearly every monoether 
derivative has a common name (Figure 1, compounds 11-14) 
[Harborne, 1994]. Ether derivatives of quercetin which also 
contain sugar substituents are frequently found in  nature. 
Such compounds were identified in sage, they were: querce-
tin 7-methoxy-3-glucoside (15) and quercetin 3’-methoxy-3
‑galactoside (16) [Lu & Foo, 2002]. In addition there are also 
derivatives containing alkyl substituents. The most common 
hydrocarbon forming such derivatives is prenyl (3-methyl-
but-2-en). The  lipophilic derivative of  quercetin identified 
in  the  past decade is 6,5’-di-C-prenyl quercetin (17) found 
in paper mulberry [Son et al., 2001].

Systematic name (common name)
Substituents

R1 R2 R3 R4 R5 R6 R7

(1). 3, 5, 7, 3’, 4’-pentahydroxyflavon (quercetin) OH OH H OH OH OH H

(2). Quercetin 3-O-glucoside (izoquercetin) O-Glc OH H OH OH OH H

(3). Quercetin 3-O-rhamnoside (quercitrin) O-Rha OH H OH OH OH H

(4).Quercetin 3-O-rhamnozyl-(1→6)-glucoside (rutin) O-X OH H OH OH OH H

(5). Quercetin 7-O- glucoside OH OH H O-Glc OH OH H

(6). Quercetin 3-O-rhamnoside-7-O-glucoside O-Rha OH H O-Glc OH OH H

(7). Quercetin 6-C- glucoside OH OH Glc OH OH OH H

(8). Quercetin 3-(2’’-acetylgalactoside) O-Y OH H OH OH OH H

(9). Quercetin 3-sulfate-7-O-arabinoside O-Sul OH H O-Ara OH OH H

(10). Quercetin 3-O-glucoside-3’-sulfate O-Glc OH H OH O-Sul OH H

(11). Quercetin 5-methyl ether (azaleatin) OH O-M H OH OH OH H

(12). Quercetin 7- methyl ether (rhamnetin) OH OH H O-M OH OH H

(13). Quercetin 3’- methyl ether (isohramnetin) OH OH H OH O-M OH H

(14). Quercetin 4’- methyl ether (tamarixetin) OH OH H OH OH O-M H

(15). Quercetin 7-methoxy-3-O-glucoside O-Glc OH H O-M OH OH H

(16). Quercetin 3’- methoxy -3-O-galactoside O-Gal OH H OH O-M OH H

(17). 6,5’-Di-C-prenylquercetin OH OH Z OH OH OH Z

�Glc: glucose; Rha: rhamnose; Ara: arabinose; X: rhamnosylglucose; M: –CH3; Sul: -SO3Na; Y: 2-acetylgalactose; Z: prenyl.

FIGURE 1. Quercetin and its derivatives.
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Physical properties
Despite the presence of five hydroxyl groups, the quercetin 

molecule has a lipophilic character. Quercetin derivatives can 
be both lipo- and hydrophilic, depending on the type of sub-
stituents in the molecule. In general, O-methyl, C-methyl and 
prenyl derivatives of  flavonoids, including quercetin deriva-
tives, are lipophilic. They are synthesized by glands located on 
the surface of leaves, flowers or fruits. These compounds are 
particularly widespread in the families Labiatae or Composi-
tae. They can be easily isolated from hydrophilic compounds 
by immersing plant tissue in  acetone [Williams & Grayer, 
2004].

Glycosylation of at least one hydroxyl group of quercetin 
derivatives results in  an  increase of  its hydrophilicity. This 
change in character from lipophilic to hydrophilic is very sig-
nificant to plants for glycosidic derivatives of quercetin, which 
are cytosol-soluble, can be easier transported to various parts 
of the plant and stored in vacuoles [Rice-Evans et al., 1997; 
Williams & Grayer, 2004].

Chemical properties
The  most extensively investigated chemical property 

of  phenolic compounds is their antioxidant activity. Anti-
oxidants are capable of neutralizing free radicals which are 
always present in  food as well as in cells of a human body 
[Bartosz, 1995]. The antioxidant properties of phenolic com-
pounds are linked with their ability to transfer a hydrogen or 
an electron, as well as with chelation of metal ions and inhibi-
tion of the activity of oxidases [Bartosz, 1995; Rice-Evans et 
al., 1997]. Additionally, antioxidant activity is often accompa-
nied by antiviral and antibacterial activity of these compounds 
[Chun et al., 2005; Rotelli et al., 2003].

There are many methods for determining antioxidant 
activity, and most of them involve the description of antioxi-
dant relative ability to scavenge free radicals in comparison 
with a known antioxidant [Rice-Evans et al., 1997]. Trolox is 
a synthetic antioxidant frequently applied as a reference com-
pound, but generally recognized antioxidants, such as vitamin 
C and quercetin, are also used to this end. The most popular 
tests are: determination of antiradical activity in reaction with 
DPPH synthetic radical (1,1-diphenylpicrylhydrazyl radical), 
determination of antioxidant activity of compounds in  rela-
tion to radicals generated in  the  lipid phase, e.g. β-carotene 
emulsion system or TEAC (Trolox Equivalent Antioxidant 
Capacity), determination of antiradical activity in relation to  
peroxide radical, OH· hydroxyl radical, etc. Indirect method 
to determine antioxidant activity is metal ions chelation pow-
er. Flavonoids, which are able to  chelate Fe2+ or Cu2+ ions 
render them inactive to  participate in  free radical reactions 
[Morel et al., 1993].

Research investigating relationships between the  struc-
ture and antioxidant activity of phenolic compounds has been 
conducted for many years. Results obtained so  far have en-
abled determining general relationships, i.e. it has been shown 
that the antioxidant activity of a compound is determined by 
the presence of free hydroxyl groups and their mutual location 
[Rice-Evans et al., 1997; Wang et al., 2006]. In addition, analy-
ses carried out in various model systems have led to the de-
termination of  functional groups in  flavonoid molecules 

responsible for the activity in  the  investigated system [Wang 
et al., 2006]. Regarding quercetin reaction with DPPH radical, 
its high antiradical activity has been shown to be determined by 
the presence of 1,2 dihydroxybenzene (catechol) in the B ring 
[Burda & Oleszek, 2001; Goupy et al., 2003]. It was supported 
by a  research comparing the antiradical activity of quercetin 
and its C(3)-OH and C(4’)-OH glycoside derivatives. In  re-
action with DPPH, quercetin donates two hydrogen atoms 
and is transformed into a  quinone intermediate (Figure 2). 
Even though the presence of a hydroxyl group at the C-3 car-
bon of quercetin enables the regeneration of the catechol ion 
through the addition of the proton from the solution [Goupy 
et al., 2003]. In  the  case of  quercetin derivatives, glycosila-
tion at C(4’)-OH markedly decreased the H-donating ability 
[Goupy et al., 2003], while C(3)-OH derivatives of quercetin 
showed reducing potential comparable with that of free agly-
cone [Burda & Oleszek, 2001; Matetrska & Perucka, 2005].

Wang et al. [2006], investigating the antioxidant activity 
of flavonoid aglycones, including fisetin, kaempferol, morin, 
myricetin and quercetin, concluded that in reference to super-
oxide radicals, the highest reduction potential is demonstrated 
by the 4’-OH group in B-ring. On the other hand, a research 
investigating the  scavenging activity of quercetin derivatives 
in relation to  radicals does not fully support the theory that 
4’-OH in  B ring is mainly responsible for high scavenging 
power. Quercetin 3-O-glycoside derivatives such as rutin and 
quercitrin are characterised by much lower, in  comparison 
to  quercetin, scavenging activity in  a  xanthine/xanthine oxi-
dase system despite a free 4’-OH group in B-ring [Materska 
et al., in press]. In other model systems, quercetin derivatives 
were also demonstrated to  display a  lower activity in  com-
parison with free aglycone [Cos et al., 1998; Burda & Oleszek 
2001; Materska & Perucka, 2005]. The lower antioxidant ac-
tivity of  quercetin derivatives is mainly due to  the  blocking 
of  hydroxyl groups by sugar or alkoxyl substituents. In  ad-
dition, the  increased hydrophilicity of  quercetin glycosides 
modifies the coefficients of distribution between the aqueous 
and lipid phase, which is of great significance in lipid systems 
such as TEAC or β-carotene emulsion [Burda & Oleszek, 
2001]. In  view of  the  number of  factors which determine 
the chemical properties of quercetin derivatives, empirical re-
search is needed to  confirm or exclude the  specific activity. 
To date, only isolated derivatives of both quercetin and other 
flavonoids have been investigated, but the availability of rel-
evant information has been on the rise in the recent years.

ABSORPTION AND METABOLISM OF QUERCETIN 
DERIVATIVES

Absorption and metabolism of quercetin and its derivatives 
has attracted much attention in relation to their pro-healthy 

FIGURE 2. Pathway of oxidative changes in quercetin reaction with 
DPPH radical in protic solvents [Goupy et al., 2003].
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value. The total flavonoid intake from dietary sources is esti-
mated to be from several hundred miligrams to 1 gram per day 
[Formica & Regelson, 1995; Hertog et al., 1993]. Quercetin 
derivatives, glycosides in particular, represent a considerable 
part of these food constituents. It is common knowledge that 
having been ingested both quercetin as quercetin derivatives 
undergo many metabolic conversions and appear in body tis-
sues almost as glucuronated, sulfated and methylated forms 
[Day et al., 1998; Graf et al., 2006; Scalbert et al., 2002; Wil-
liams et al., 2004].

Investigations on the  bioavailability and metabolism 
of quercetin derivatives focused mostly on glycosides, because 
in this form quercetin predominates in diet. It has been clearly 
shown that quercetin aglycone and glycosides are absorbed 
from the gastrointestinal tract to a different extent, additionally 
absorption of quercetin glycosides depends on the position and 
nature of sugar substitutions [Cermak et al., 2003; Scalbert & 
Williamson, 2000]. A lipophilic quercetin molecule can be eas-
ily absorbed by the stomach and then secreted in the bile [Cre-
spy et al., 2002]. Quercetin glycosides are not affected by pH 
conditions of the stomach and pass through the small intestine 
where they are partially deglycosylated and absorbed [Gee et al., 
1998]. There are two mechanism enabling intestinal absorption 
of quercetin glycosides. In  the  first, they are a potential sub-
strate for lactose phlorizin hydrolaze (LPH) in the brush bor-
der membrane [Day et al., 2000]. This β-glycosidase had a high 
affinity particularly towards flavonol glucosides, and preferred 
the sugar group at the 3-position [Day et al., 1998; 2000]. It has 
been shown that LPH-mediated hydrolysis was the main ab-
sorption pathway of quercetin–3-glucoside. The second mech-
anism enabling intestinal absorption of  quercetin glycosides 
assumes the possibility of interacting with sodium-dependent 
glucose transporter SGLT1 [Wolfram et al., 2002]. After ab-
sorption, glycosides are hydrolysed by β-glycosidases present 
in cytosole of small intestine mucosa cells [Day et al., 1998]. 
Glycosides of quercetin with a substituent other than glucose, 
e.g. quercetin 3-O-rhamnoglucoside and quercetin-3-O-rham-
noside, are not hydrolyzed by endogenous human enzymes 
and pass through the small intestine and enter the cecum and 
colon, where they are hydrolyzed by colon microflora to quer-
cetin and sugar [Scalbert & Williamson, 2000]. For this reason 
absorption of those compounds is delayed.

After hydrolysis and absorption, quercetin is metabolised 
in analogy with drugs and other extrinsic compounds [Scal-
bert & Williamson, 2000]. The successive stages of quercetin 
metabolism include enzymatically controlled reconjugation 
reactions, as: glucuronidation, methylation, sulfation or hy-
droxylation [Scalbert & Williamson, 2000].

Information on the absorption and metabolism of other 
than glycosidic derivatives of quercetin in a human body is 
sparse. Yet it  is likely that lipophilic ethers of  quercetin are 
absorbed in analogy to quercetin aglycone, while hydrophilic 
derivatives with acyl or sulphate substituents must be decon-
jugated before absorption.

BIOACTIVITY

Research into the  bioactivity of  quercetin derivatives 
and its impact on human health is still at the developmental 

stage. It is common knowledge that metabolic modification 
of  quercetin derivatives alters their antioxidant properties. 
In  addition, in  vivo concentrations of  flavonoids and their 
metabolites are lower than those of  antioxidant nutrients 
such as ascorbic acid and α-tocopherol [Williams et al., 
2004]. On this basis it has been suggested that cellular effects 
of flavonoids may be mediated by their interactions with in-
tracellular signalling cascades [Williams et al., 2004]. Ample 
investigations have confirmed a beneficial effect of quercetin 
derivatives, but the  exact mechanism of  their action is still 
unresolved.

Simple derivatives such as quercetin mono-glycosides: 
3-O-glucoside and 3-O-rhamnoside as well as diglycoside 
– rutin, have been best investigated to date. A human body 
needs these substances to absorb and use vitamin C. Investi-
gators have also found that quercetin 3-O-glucoside and rutin 
contribute to the relaxation of smooth muscles in mammals. 
Similar properties were observed in  methoxyl derivatives 
of  quercetin: 3,4’-dimethoxyquercetin and 3,7-dimethoxy-
quercetin [Harborne & Williams, 2000].

Due to  its antioxidant activity, rutin protects liver cells 
[Janbaz et al., 2002] and suppresses hemoglobin oxidation 
[Grinberg et al., 1994]. Rutin has also anti-inflammatory 
properties which are displayed mostly in  respect of  chronic 
diseases [Obied et al., 2005; Rotelli et al., 2003]. When admin-
istered to rats, rutin has also been found to display chemopre-
ventive properties, acting as an agent blocking carcinogenesis 
induced by heterocyclic amines [Hirose et al., 1999].

Two other quercetin derivatives – quercetin 3-O-xylo-
se (1→2)–rhamnoside and 3-O-rhamnoside – decreased 
the  swelling caused by chemically-induced inflammation 
in mice [Harborne & Williams, 2000]. In addition, quercetin 
3-O-rhamnoside minimized damage to the colon, prevented 
diarrhea and stabilized the  transport of  fluids in  the  colon 
of rats [DiCarlo et al., 1999].

When investigating the  less known methoxyl derivatives 
of quercetin, Miyazawa et al. [2000] concluded that obuine 
(3,5,3’-trihydroxy-7,4’-dimetoxyflavon) and pachypodol 
(5,4’-dihydroxy-3,7,3’-trimetoxyflavon) showed the  anti-
mutagenic activity towards chemically-induced mutagens 
(umu test). The  anticarcinogenic activity of  tetrasaccharide 
derivative of quercetin: quercetin 3-O-rhamnosyl (1→6) –O- 
[glucosyl (1→3) rhamnosyl (1→2) – O-glactoside was also 
demonstrated by Vilegas et al. [1999].

On the  other hand, investigations of  protective mecha-
nism of  quercetin and its derivatives on oxidative damages 
of in vitro rat C6 glioma cells showed that quercetin but nei-
ther rutin and quercitrin [Chen et al., 2006], nor 3-O-glucoside 
and 3-O-acetylglucoside [Zielińska et al., 2003] were active as 
cells protectors.

CONCLUSIONS

It  is common knowledge that flavonoid antioxidants are 
related to various beneficial effects exerted on human health. 
Yet, as for many flavonoids, metabolism of quercetin deriva-
tives in the enterocyte is the rate-limiting step of their bioac-
tivity. The in vivo investigations of the beneficial and/or toxic 
action of flavonoids tend toward a theory that products of fla-
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vonoid metabolism may modulate lipid and protein kinases, 
acting as signalling molecules rather than as antioxidants 
[Williams et al., 2004]. On the  other hand, while consider-
ing quercetin derivatives as food protectors, the antioxidant 
and antimicrobial activity of unchanged compounds must be 
confirmed.
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