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Abstract: Flavonoids represent large group of plant pigments. These polyphenolic compounds may be 
found in the nature as active components of fruits, vegetables and other plants and derived products. Due 
to established biological effects they are attractive substances for many areas of human life. Many fl avonoids 
are nowadays used in pharmaceutical, cosmetic and food preparations. Their practical applications are in 
most cases limited by low solubility and stability in lipophilic media. Chemical or enzymatic lipophilization of 
fl avonoid skeleton may not only increase their solubility and stability in lipophilic environment but also their 
biological properties. This review summarizes current knowledge in this fi eld.
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Introduction

Flavonoids as natural compounds of plant origin 
represent with their abundance the largest group 
of polyphenolic compounds. To-date, more than 
8000 structures have been identifi ed (Caballero, 
2009). Their common natural sources are mainly 
different sorts of fruits, vegetables and cereals. In 
nature, they can exist as aglycons but more often 
they form glycosides (Lugasi et al., 2003).
Many studies have shown an inverse correlation 
between intake of food rich in fl avonoids and a 
risk of cardiovascular, cancer and other diseases 
associated with ageing (Hertog et al., 1993; Knekt 
et al., 1997; Knekt et al., 2002; Mink et al., 2007; 
Kyle et al., 2010). Many works attributed their 
benefi cial health effects to their ability to act as 
antioxidants. Among other documented effects, 
it may be underlined their antimicrobial, antial-
lergic, antiviral, hepatoprotective, anticancer, anti-
infl ammatory, vasodilatory and gastroprotective 
action (Yao et al., 2004; Viskupičová et al., 2008; 
Prasain et al., 2010).
Several fl avonoids are currently used in pharmaceu-
tical, cosmetic and food preparations (Ardhaoui et 
al., 2004; Vorsa et al., 2007; Birbara, 2011). However, 
their usage is often limited due to low solubility and 
stability in lipophilic media. Therefore, preparation 
of lipophilic fl avonoid esters via derivatization of 
their hydroxyl groups with hydrophobic molecules 
may be used as a tool for improvement of this limita-
tion (Mellou et al., 2005; Viskupičová et al., 2009a; 
Viskupičová et al., 2009b).

This paper summarizes possibilities of chemical 
and enzymatic lipophilization of fl avonoids with 
particular impact on biological activities of initial 
molecules. It also introduces the possibilities of 
practical applications of fl avonoid derivatives.

Flavonoid lipophilization

Basic structure of most fl avonoids is derived from 
2-phenylbenzo-γ-pyran. Original skeleton contains 
numerous hydroxyl groups. An example represents 
one of the best known fl avonoids quercetin (Fig. 1). 
Many fl avonoids are found in nature especially as 
glycosides. Particular saccharide is mostly connected 
to the carbon atom in the position 3, 5 or 7 (Robards 
and Antolovich, 1997). By the attachment of rham-
noglucosyl to quercetin molecule, rutin is formed 
(Fig. 1). Numerous hydroxyl groups on a fl avonoid 
molecule result in considerably hydrophilic nature 
of most fl avonoids.
Frequently, fl avonoid hydrophilicity makes a 
disadvantage for commercial applications when 
used in lipophilic food and cosmetic matrices, 
eventually on lipophilic cell membranes or after 
its penetration to specifi c target tissues. In such 
cases, the solution could be a chemical or enzy-
matic derivatization of hydroxyl groups with more 
lipophilic substituent. Our team (Viskupičová et 
al., 2009c) found that lipophilic esters of rutin 
are probably able to incorporate into the lipid 
bilayer of sarcoplasmic reticulum Ca2+-ATPase, 
cause changes in physico-chemical properties of 
the membrane and conformational modifi cations 
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of the enzyme, and thus inhibit Ca2+-ATPase activ-
ity, what may be helpful in apoptosis induction in 
antitumor therapy.

Chemical modifi cation
Chemical approach in the synthesis of lipophilic 
fl avonoid derivatives is non-selective (Fig. 2). It 

leads to the mixture of products with various num-
bers of linked substituents. The reaction must be 
often performed under severe reaction conditions, 
such as toxic media or high temperatures (Mattarei 
et al., 2010).
In chemical synthesis, one of the most frequently 
used methods is esterifi cation (Fig. 2), particularly 

Fig. 1. Polyhydroxylated structures of quercetin (left) and rutin (right).

Fig. 2. Chemical synthesis of pentaacylquercetin (modifi ed according Mattarei et al., 2010).

Fig. 3. Synthesis of 4'-O-methylquercetin using protecting groups (Li et al., 2009).
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acetylation. By this approach, some reactive or all 
hydroxyl groups can be modifi ed. Commonly used 
reaction substrates include acetyl chloride or acetic 
anhydride in pyridine or dimethyl formamide 
(DMF). However, selective esterifi cation is often re-
quired to maintain antioxidant properties of initial 
fl avonoids. Therefore, the connection of their mol-
ecules with non-polar groups is effi cient solution in 
order to exert antioxidant effects in hydrophobic 
environment (Bridson, 2007).
To obtain mono-derivatives, it is necessary to use 
protecting groups for the rest of hydroxyl groups 
and thereafter to remove it. For example, for the 
synthesis of 4'-O-methylquercetin (yield 63 %) for 
selective protection of catechol group, dichloro 
diphenyl methane at 175 °C in diphenyl ether can 
be used and for protection of hydroxyl groups in 
the positions 3 and 7, chlormethyl ether is a suitable 
agent (Fig. 3) (Li et al., 2009).
Using Mannich reaction, it is possible to produce 
alkylamine derivatives. Products of the reaction of 
dihydroquercetin with formaldehyde and amines 
are mono- and diaminomethyl derivatives (Fig. 4) 
(Kukhareva et al., 2004).

Another often used method is alkylation. Using 
aldol condensation, alkyl and benzyl substituents 
can be added to the fl avonoid molecule (van Aardt 
et al., 1998). Other feasible possibility provides Wil-
liams synthesis of ethers or alcoholysis of epoxides. 
Alkylation is often performed with alkyl haloge-
nides (Fig. 5). In nature, some alkylated fl avonoid 
derivatives can also be found, mainly derivatives 
with lower alcohols (Materska, 2008).
Simple ethers can be prepared from alkylene ox-
ides. Penta- and tetrahydroxyethyl quercetin were 
obtained via alkylation with an excess of ethylene 
oxide in water under catalysis of potassium hydrox-
ide (Fig. 6) (Bridson, 2007).

Enzymatic derivatization
Enzymes represent an effi cient substitute to the 
standard chemical methods for the selective 
preparation of fl avonoids. Enzymatic acylation 
of fl avonoids may be performed either directly as 
esterifi cation or transesterifi cation (Fig. 7) (Chebil 
et al., 2006).
For fl avonoid acylation in vitro, a wide range of 
hydrolytic enzymes have been used. These include 

Fig. 4. Preparation of alkylamino derivatives of quercetin via Mannich reaction
(Kukhareva et al., 2004).

Fig. 5. Alkylation of quercetin with 1-chlorpropan-2-ol in DMF in the presence
of potassium carbonate (Bridson, 2007).
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three basic groups, i.e. lipases, esterases and 
proteases. Among lipases, lipase B from Candida 
antarctica is most widely used enzyme which is able 
to catalyse reactions with many substrates, to tol-
erate various organic solvents and high tempera-
tures (McCabe et al., 2005). Authors of up-to-date 
published papers performed enzymatic acylation 
of fl avonoids in the range of reaction tempera-
tures of 30—130 °C. The most often used organic 
solvents are 2-methylpropan-2-ol,2-methylbutan-
2-ol, hexane, pyridine, acetone and acetonitrile. 

Substituents introduced to the fl avonoid molecule 
include both different fatty acids (C4—C20) and 
aromatic acids, such as cinnamic, p-coumaric or 
caffeic acid, substituted or without substituents 
(Danieli et al., 1990; Gao et al., 2001; Kontogianni 
et al., 2003; Ardhaoui et al., 2004; Passicos et 
al., 2004; Mellou et al., 2005; Salem et al., 2010). 
Derivatization with aromatic acids is especially in-
teresting because phenolic acids themselves exert 
interesting biological activities (Rice-Evans et al., 
1996; Mudnic et al., 2010).

Fig. 6. Preparation of hydroxypropyl ether of quercetin via treating with propylene oxide
(Bridson, 2007).

Fig. 7. Enzymatic acylation of fl avonoids: (a) esterifi cation; (b) trans-esterifi cation
(Chebil et al., 2006).

Fig. 8. The positions of esterifi cation of studied fl avonoids and fl avonoid-related compounds
by fatty acids of C4 to C22.
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Our team dealt with the preparation of deriva-
tives of fl avonoids (rutin) and fl avonoid-related 
compounds (phloridzin, esculin) with fatty acids 
of various chain lengths (Viskupičová et al., 2010; 
Viskupičová et al, 2011). Exact position of acylation 
is outlined in the Fig. 8.
Measurements of lipophilicity of these derivatives 
showed that their lipophilicity parameters RM were 
really increased compared to basic molecules. This 
values were in good correlation with theoretical data 
(miLogP) predicted by the Molinspiration program 
(Fig. 9) (Viskupičová et al., 2010).

Biological activities of lipophilic
fl avonoid derivatives

The idea of fl avonoid lipophilization is a matter of 
a last decade, with big expansion in last few years. 
Particular works revealed that through introducing 
lipophilic molecules to the basic fl avonoid skeleton 
not only physico-chemical properties can be modi-
fi ed but also biological effects of fl avonoids are 
improved. Table 1 provides an overview of selected 
up-to-date tested biological activities of lipophilic 
fl avonoid derivatives.
Salas et al. (2011) tested antifungal activity of four fl a-
vonoids and their derivatives esterifi ed with butyric, 
decanoic and lauric acid, isolated from citrus fruits. 
Experiments have shown that lipophilic derivatives 
more effectively inhibited growth of food contami-
nant micromycetes Aspergillus parasiticus, Aspergillus 
fl avus, Fusarium semitectum and Penicillium expansum 
than original unmodifi ed molecules. Methylated 
thiafl avanes effectively suppressed growth of many 
yeast microorganisms (Buzzini et al., 2008).

Sheng et al. (2009) prepared a series of nitrogen fl a-
vonoid derivatives. Most of them showed signifi cant 
inhibitory effect on acetylcholine esterase activity. 
Among them, the most effective was the derivative 
containing pyrrolidine, which was more active than 
commercial medicament Dopenezil.
Lue et al. (2010) reported lowered ability of rutin lau-
rate and rutin palmitate to bind metals and to prevent 
lipid oxidation compared to rutin; however these ru-
tin esters more effectively protected LDL cholesterol 
from oxidation in vitro. Prunin esterifi cation with 
aliphatic molecules slightly increased its antioxidant 
activity (Céliz and Daz, 2011). Tert-butylhydroxyla-
tion of quercetin lowered its ability to scavenge free 
radicals but in some cases it enhanced protective effect 
against LDL oxidation (Lebeau et al., 2000). 3-alkyl-
tetrahydroxyfl avones with alkyl length ranging from 
C4 to C10 lowered lipid peroxidation and induced 
erythrocyte haemolysis more effi ciently than initial 
quercetin (Filipe et al., 2009). Our team explored 
antioxidant activity of rutin and its derivatives esteri-
fi ed with fatty acids of C4—C18. We observed that this 
modifi cation increased its ability to act as antioxidants 
in lipophilic environment (tested using Rancimat test) 
(Fig. 10) (Viskupičová et al., 2010).
Alkoxyl substitution of dihydroxyfl avones on C5 and 
C6 position with alkyl chains of C5 to C10 improved 
their ability to inhibit 5-lipoxygenase with the corre-
sponding IC50 value of 10 nM (Horie et al., 1986). On 
the other hand 7-O-alkylation of isofl avonoids had 
an adverse effect to their anti-infl ammatory activity 
(Lee et al., 1994). Among chrysin derivatives, only 
5,7-diacetylfl avone showed inhibitory activity against 
cyclooxygenase-2 (IC50 = 2.7 μM), while chrysin 
showed no effect (Cho et al., 2004).

Fig. 9. Correlation of mathematically predicted miLogP value with experimentally determined RM value 
of rutin and rutin esters (r = 0.993. p < 0.0001), symbols R4—R18:3 refer to the individual rutin

derivatives esterifi ed with fatty acids of C4—C18 (Viskupičová et al., 2010).
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Enzymatic acylation of isorhamnetin-3-O-glucoside 
with ethyl laurate and ethyl butyrate increased 
their ability to inhibit xanthine oxidase and also 
their antiproliferative activity against Caco-2 cells 
but lowered their ability to scavenge free radicals 
(Salem et al., 2011). Salem et al. (2010) prepared a 
set of isoquercitrin derivatives with different fatty 
acids. Modifi cation of original skeleton resulted 
in improving the ability to scavenge ABTS radical, 
lowering the ability to scavenge DPPH radical and 
enhancing antiproliferative effect to colon cancer 
cells Caco-2.
Cárdenas et al. (2006) compared antiprolifera-
tive effect of some fl avones and their derivatives. 
Naphtofl avons were slightly better than the initial 

molecules, bromo-, chloro- and nitroderivatives 
showed an anticancer activity substantially higher 
than original compounds. Trifl uoromethylated 
derivatives of fl avones and isofl avones effi ciently 
arrested cell cycle of bone cancer cells U2OS (Wang 
et al., 2005). Geranyl derivatives in micromolar con-
centrations inhibited growth and induced apoptosis 
in several tested cancer cell lines (Hsu et al., 2011).
Boccard et al. (2009) found that more hydrophobic 
fl avonoids had higher affi nity to P-glycoprotein, an 
enzyme responsible for the multidrug resistance of 
cancer cells towards chemotherapeutics. Chemically 
synthesised benzofl avanones were 7 times more 
effective inhibitors of aromatase than original mol-
ecules (Yahiaoui et al., 2008). Flavonoids contain-

Tab. 1. Biological properties of lipophilic fl avonoid derivatives.

Flavonoid Substituent Biological effect Reference

Naringin, hesperidin, neohesperidin, 
hesperetin glucoside Butyrate, decanoate, laurate ↑Antifungal Salas et al., 2011

Rutin Laurate, palmitate ↑↓Antioxidant Lue et al., 2010

Chrysoeriol-7-O-β-D-(3''-E-p-
coumaroyl)-glucopyranoside, 
chrysoeriol-7-[6'''-O-acetyl-β-D-allosyl-
(1→2)-β-D-glucopyranoside]

Vinyl laurate
↑Antioxidant,

↑antibacterial
Mellou et al., 2005

Flavone, isofl avone Prenyl, geranyl, dimethylal-
lyl, methyl, methoxy Antiproliferative Boccard et al., 2009

Flavone Geranyl Antiproliferative Hsu et al., 2011

Isorhamnetin-3-O-glucoside Ethyl laurate, ethyl butyrate ↑Anticancer,
↓antioxidant Salem et al., 2011

Quercetin Tert-butylhydroxy ↑↓Antioxidant Lebeau et al., 2000

Isoquercitrin
Butyrate, caproate, caprylate, 
decanoate, laurate, palmi-
tate, stearate, oleate

↑↓Antioxidant,
↑anticancer Salem et al., 2010

Flavane, thiafl avane Methoxy ↑↓Antifungal Buzzini et al., 2008

Rutin, phloridzin, esculin

Butyrate, caproate, caprylate, 
decanoate, laurate, myristate, 
palmitate, stearate, oleate, 
linoleate, linolenate, 
arachidonate, erucate

↑↓Antiprotease Viskupičová et al., 2011

Flavone
Methylethylamine, 
diethylamine, piperidine, 
pyrrolidine

Neuroprotective Sheng et al., 2009

Flavone Alkyl ↑Anti-infl ammatory Horie et al., 1986
Rutin, naringin Oleate, linolenate, linoleate ↑Anticancer Mellou et al., 2006
Quercetin Alkyl ↑Antioxidant Filipe et al., 2009

Rutin

Butyrate, caproate, capr-
ylate, decanoate, laurate, 
palmitate, stearate, oleate, 
linoleate, linolenate

↑Antioxidant Viskupičová et al., 2010

Biochanin A Alkyl ↓Anti-infl ammatory Lee et al., 1994
Flavone Methyl, naftyl, nitro, halogen ↑Anticancer Cárdenas et al., 2006

Chrysin Methoxy, dodecoxy, diacetyl, 
methoxycinnamate ↑Anti-infl ammatory Cho et al., 2004

Flavone, isofl avone Trifl uoromethyl ↓Anticancer Wang et al., 2005
Flavanone Methoxy, benzyl ↑Anticancer Yahiaoui et al., 2008

Flavone Aliphatic and heterocyclic 
with N ↑↓Anticancer Liu et al., 2007
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ing nitrogen groups signifi cantly inhibited growth 
of several cancer cell lines. Among them the most 
effective were derivatives with dimethylamino and 
piperidinyl group in the position C8 on the basic 
skeleton (Liu et al., 2007).
Our team studied inhibitory activity of rutin, phlo-
ridzin and esculin and their lipophilic derivatives 
to serine proteases (trypsin, thrombin, urokinase, 
elastase) which are involved in some pathophysi-
ological processes. This modifi cation markedly 
increased the ability of fatty acid esters to inhibit 
thrombin activity (Viskupičová et al., 2011).

Practical utilization
of fl avonoid derivatives

There is a range of various fl avonoid-containing 
preparations that are nowadays available in many 
forms in some industrial areas. These include Pyc-
nogenol, Flavin7, Flavobion, Detralex, Ascorutin, 
Turmeric, creams with rutin, etc. As a guide for 
the preparation of their derivatives much patent 
literature is available. Up-to-date there are several 
patents oriented to the methods of preparing such 
derivatives as well as to their usage in food, pharma-
ceutical and cosmetic industry (Bombardelli and 
Patri, 1991; Pershadsingh and Avery, 2000; Perrier 
et al., 2001; Geers et al., 2003; Ghoul et al., 2006; 
Caldwell et al., 2009; Chung et al., 2010; Cushman 
et al., 2010).

Food
The main advantage of modifi ed fl avonoids in food 
industry lies in improving stability and solubility 
of initial molecules. Through acylation there are 
changed sensorial properties of fl avonoids in food-
stuffs. Degenhardt et al. (2007) found that acylation 
of certain fl avonoids may suppress these negative 
taste properties in food, pharmaceutical prepara-
tions and cosmetic products for mouth hygiene.
Ghoul et al. (2006) evolved methods for the prepara-
tion of acylated fl avonoid glycosides with improved 
stability and solubility in various food preparations, 
while their antioxidant activity retained unmodifi ed 
or even enhanced.
Lipophilic food matrices (especially those with high 
content of polyunsaturated fatty acids) represent an 
unstable environment. Under atmospheric conditions 
they become too rapidly a subject of autooxidation. 
During autooxidation there are formed degradation 
products such as free radicals, peroxides, hydroper-
oxides, aldehydes and ketones that damage other 
food elements (proteins, vitamins, other lipids). To 
protect these matrices it is suitable to use lipophilic 
antioxidants (Perrier et al., 2001). It was found that 
fl avonoid esters with unsaturated fatty acids prepared 
via enzymatic synthesis are favourable candidates for 
stabilisation of presented easily oxidable compounds 
(Mellou et al., 2006).
Caldwell et al. (2009) have patented the preparation 
of alkylated, alkenylated, acetylated and alkoxylated 

Fig. 10. Induction time values of rutin (R) and rutin derivatives (R12—R18:3) as detected
by Rancimat test (Viskupičová et al., 2010).
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fl avonoid derivatives. Their enhanced lipophilic-
ity makes them effective for better protection of 
lipophilic food matrices; they are suitable mainly 
for stabilisation of food emulsions.
Another important advantage is using of acylated 
anthocyanins as plant pigments, that are more stable 
and may serve as an alternative to synthetic additives 
of certain type. A source of acylated anthocyanins 
can be radishes, red tomatoes, red cabbage etc. (Giusti 
and Wrolstad, 2003; Bakowska-Barczak, 2005).
Patent of Geers et al. (2003) includes the preparation 
of acylated fl avonoid glycosides via lipase-catalysed 
reaction. Acylating agents are polyunsaturated fatty 
acids, arylaliphatic carboxylic acids, their esters and 
activated esters of fatty acids. One of the possible 
application fi elds of these derivatives lays in food 
industry, where they are useful as supplements and 
food additives, such as beverages for athletes, food 
pigments, fl avouring agents etc.

Pharmacy
A disadvantage in fl avonoid applications as thera-
peutics is their low absorption ability in gastroin-
testinal tract, because some of their parts underlie 
bacterial degradation and form complexes with 
compounds present in gastrointestinal tract. For 
purpose of enhancing their therapeutical effect, 
authors Bombardelli and Patri (1991) patented 
the preparation of fl avonoid complexes with phos-
pholipids and their usage in pharmaceutical and 
cosmetic preparations. With the same aim, Chung 
et al. (2010) published a patent for fl avonoid conju-
gation (mainly fl avanols) with polymers containing 
free aldehyde group.
More effective forms represent lipophilic fl avonoid 
derivatives due to their ability to penetrate cell 
walls and thereby its absorption ability by dermal 
application is enhanced (Caldwell et al., 2006). Fla-
vonoid lipophilization with alkyl, alkenyl, alkoxyl, 
alkylsulphonyl and prenyl substituents contributed 
to increased anticancer effects (Cushman et al., 
2010).
Flavonoid dimers and their alkylated and prenylat-
ed analogues were developed to effi ciently suppress 
multidrug resistance and to inhibit the function of 
P-glycoprotein that eliminate chemotherapeutics 
from cancer cells and thereby lower its effect (Chan 
and Chow, 2009).
With the aim to treat cancer and viral diseases, 
Joshi et al. (2011) introduced new quercetin de-
rivatives with alkyl, alkoxyl, aryl or heterocyclic 
substituents. The novel compounds have changed 
their lipophilic-hydrophilic character and so their 
pharmacokinetic properties, too.
In another patent (Geers et al., 2003), a biocata-
lytic preparation of acylated fl avonoid glycosides 

is described. These derivatives can be applied in 
pharmaceutical industry because of their ability to 
scavenge free radicals, inhibit diabetes development 
and to act as vasodilatory compounds.
Caldwell et al. (2009) reported the use of alkylated, 
alkenylated, acetylated and alkoxylated fl avonoid 
derivatives for effi cient prophylaxis of onco-
logical, cardiovascular or neurological diseases. 
These compounds are effective antioxidants and 
after lipophilization they have improved bioavail-
ability, and thus the bioactivity in the organism 
as well.
Esterifi cation of kaempferol-3-O-glucoside with 
p-coumaric acid enhanced their anti-infl ammatory 
activity eight times compared to initial fl avonoid 
(Harborne and Williams, 2000).
Mellou et al. (2006) published that fl avonoids esteri-
fi ed with polyunsaturated fatty acids lowered forma-
tion of vascular endothelial growth factor in human 
leukemic cells K562, whereas initial fl avonoids did 
not show this effect. These new compounds may 
have, therefore, improved anti-angiogenic infl u-
ence to malignant tissues and thereby anticancer 
effects.
For improving therapeutical effect, Pershadsingh 
and Avery (2000) described the preparation of 
lipophilic fl avonoid derivatives. They used thia-
zolidindiones, alkyl, alkoxy, alkoxycarbonyl, ami-
nocarbonyl and aryl groups as substituents. Such 
compounds show anticancer and anti-infl ammatory 
effects, thus making them attractive in treating of 
metabolic and infection diseases and ophthalmo-
logical complications.

Cosmetics
The most of cosmetic and dermo-pharmaceutical 
preparations is based on lipid phase, where the in-
dividual components tend to oxidize, even at room 
temperature. Consequently, their physico-chemical 
and sensory properties are completely changed. 
Therefore, antioxidant agents that are able to 
protect these lipid elements are advantageously 
incorporated into cosmetic preparations (N’Guyen, 
1995).
Flavonoids have protective and cleaning effect to 
skin, anti-aging properties, pigment-saving activity 
and supportive mechanical strength to hair (Ghoul 
et al., 2006). But utilization of many glycosylated 
fl avonoids (e.g. rutin) in cosmetic formulations is 
limited by their low solubility in such preparations. 
Petersen (2007) described in his patent the prepara-
tion of nanocrystals of these compounds, whereby 
he achieved better solubility, stability and improved 
activity. This energetically diffi cult process could be 
replaced with the preparation of acylated fl avonoid 
glycosides; thereby reaching the same result.
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Wirth et al. (2008) patented utilization of acylated 
fl avonoid derivatives prepared via chemical synthe-
sis into cosmetic preparations. Acylation performed 
on glycoside moiety of fl avonoids with aromatic and 
aliphatic acylating agents. New compounds serve 
particularly as skin protectors against harmful UV 
radiation.
Buchholz et al. (2008) patented the preparation of 
conjugated acetyl, alkyl and hydroxyalkyl luteolin 
derivatives with cyclodextrins. This modifi cation 
improved their incorporation in cosmetic prepara-
tions and simultaneously increased their stability 
during storage and bioavailability after applica-
tion.
Carola et al. (2011) reported skin-protective effects 
of oxidized and alkylated fl avonoid derivatives. 
These compounds avoid drying-out of skin and 
counter skin aging, which results in an improve-
ment on the skin structure. Besides, they exert an 
anti-infl ammatory action.
Flavonoids were also substituted with alkyl, alkenyl, 
acyl and alkoxyl chains, branched or unbranched, 
with number of carbon atoms ranging from 2 to 
20. Hydrophobization of basic skeleton enhance 
skin-protective properties because of their easier 
penetration into skin cells. As a part of various 
preparations, they can be useful in the prevention 
of skin cancer, wrinkles formation and skin ageing 
(Caldwell et al., 2009).
Geers et al. (2003) have patented the preparation 
of acylated fl avonoid glycosides via enzymatic syn-
thesis. Acyl residues included polyunsaturated fatty 
acids, arylaliphatic carboxylic acids, their esters and 
activated esters of fatty acids. Presented derivatives 
have inhibitory activity to skin proteases, thus coun-
teract its ageing. They also show an antioxidant ef-
fect, relieve skin, and support collagen formation. 
They are part of various shampoos, shower gels, 
creams, deodorants etc.
Moussou et al. (2007) found that esters of fl avonoids 
with omega-substituted fatty acids (C6 to C22) were 
able to protect skin cells against damage by UV 
radiation. These fl avonoid esters are more effective 
than fl avonoids themselves.
Using alkylation and alkoxylation approach, Carola 
et al. (2008) modifi ed oxidized fl avonoid derivatives. 
They found that these compounds maintained their 
original antioxidant activities and thus they can be 
used in cosmetic preparations for skin protection 
against oxidative damage.

Conclusion

Flavonoids are natural low toxic substances with 
demonstrated numerous biological effects. This 
makes them interesting compounds for several ap-

plication areas. Their use is however often limited 
by low solubility and stability in lipophilic media. 
A useful solution for this drawback may be the in-
troduction of hydrophobic substances on the basic 
fl avonoid skeleton.
Derivatization can be carried out via chemical or 
enzymatic approach. Lipophilization of initial 
fl avonoids increases their solubility in lipophilic 
food matrices, by conferring better antioxidant 
protection. Hydrophobization also contributes to 
easier penetration of fl avonoids through lipid bi-
layer of cell membranes, which can increase their 
bioavailability. Several works have shown that 
novel lipophilic fl avonoid derivatives are more 
stable. It was also reported that modifi cation of 
the basic structure causes an enhanced biological 
effects.
Lipophilic fl avonoid derivatives provide a per-
spective substances with maintained or improved 
biological properties for food, cosmetic and phar-
maceutical applications. Therefore, they may play 
an important role in the development of new drugs 
or food additives.
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