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Summary 
Flavonoids are now recognised as essential dietary components, although their functions are just on 
the brink of understanding. Dietary requirements have been established. Their significance is proba
bly equal to vitamins. Approximately 5000 flavonoids have been identified, and the list is quickly 
expanding. The functionality of flavonoids is frequently "multi-purpose", contrary to vitamins, enzy
mes and (to a lesser extent) hormones . 

Riassunto 
I flavonoidi sono riconosciuti come componenti essenziali delle diete, anche se non sono state anco
ra comprese appieno le loro funzioni. Comunque ne è stato riconosciuto il loro ruolo dietetico che 
dovrebbe essere simile a quello delle vitamine. 
Circa 5000 sono i flavonoidi già identificati ed il loro numero si incrementa di continuo. Al contra
rio delle vitamine, degli enzimi e degli ormoni, l'attività di questi composti naturali è più complessa 
e serve a molteplici scopi. 
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INTRODUCTION 

The Greek word "flava" means yel low. 
Flavonoids represent a broad variation of aroma
tic compounds occurring in higher plants, fre
quently with a yellow colour. Approximately 
5000 flavonoids have been reported in the litera
ture . The collective name tlavonoids was intro
duced in 1952 by Geissman. 
Many flavonoids are easily recognised as flower 
pigments in angiosperm families (flowering 
plants). However, their occurrence is not restric
ted to flowers only but may be found in ali parts 
of the plant, in the roots , leaves and bark. 
Flavonoids comprise a number of groups of 
structurally related products, also frequently 
identified as polyphenols. The majority of those 
have a similar skeleton containing 15 carbon 
atoms, subdivided in {6+9} carbon atoms. One 
part of the molecule, with 6 carbon atoms, is 
made up from a phenolic moiety. The second 
part, with 9 carbon atoms, has the cinnamic acid 
molecule as the building block. These building 
blocks are most visible in the group of chalco
nes , products that can be considered as the 
Friedel-Crafts condensation product of a (substi
tuted) cinnamic acid and a phenol. 

HO 

NARIGENIN CHALCONE 
2,4,4' ,6-tetrahydroxychalcone 

OH 

In naringenin chalcone the right part of the mole
cule is easily recognised as coumaric acid (4-
hydroxycinnamic acid), condensed on resorci-
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noi. The corresponding flavonoids may be for
med from the chalcones via oxidative ring closu
re. Also flavonoids are known that are formed by 
reduction of the carbonyl group on the 4-posi
tion. In the laboratory this can be done via the 
Wolff-Kishner reduction. 
A wide variety of chalcones occur naturally, and 
are considered to be precursors for condensed 
flavonoids. Plants use chalcone synthases (CHS) 
to make chalcones, enzymes that are highly spe
cific for the synthesis of particular chalcones. 
Chalcones are, among others, used in the defen
se mechanism of plants against pathogenic orga
nisms (fungi). Chalcones exist in severa! forms 
such the (trans)-chalcones (e.g.naringenin chal
cone, lanceoletin & okanin), cis-chalcones (e.g. 
isookanin), but also dihydrochalcones (e.g. phlo
retin , asebogenin) where the L'.l(2-3) double bond 
is hydrogenated and quinochalcones (2-cinna
moylquinone, pedicinin). In the last case two 
hydroxy groups in the ortho or para-position ha ve 
been oxidised to the corresponding quinone. 
Quinoid flavonoids have quite extensively been 
reported in the literature. Pedicinin occurs in 
Didymocarpus pedicellata (pathar-phori), next to 
isopedicin and pedicillin (Siddiqui) and is the 
active substance of Cystone (Subramaniam, 
1961), an Ayurvedic preparation locally used as 
a non-toxic diuretic. The Ayurvedic medicine is 
truly a breeding piace for physiologically active 
substances. 
Flavonoids may occur as their glycosides, pro
ducts that are substituted on one or more of the 
hydroxy groups with a sugar such as glucose, 
rhamnose, galactose, mannose, etc., or their 
aglycons, products that do not carry a sugar 
moiety. 
In the identification and structure elucidation of 
flavonoids the first step is always full hydrolysis 
of the glycoside, to obtain the corresponding 
aglycon. This is subsequently fused with potas
sium hydroxide or barium hydroxide 
(Willstatter, Karrer) whereby always a polyhy-



droxybenzene is formed (e.g. catechol , phloro
glucinol) and a phenolic acid (e.g. 4-hydroxy
benzoic acid, protocatechuic acid [3 ,4-dihydro
xybenzoic acid]), eventually as the (poly)
methyl ether. This is a relatively straight forward 
analytical procedure. 
The determination of the identity and the posi
tion of the sugar moieties is more complex. In ali 
cases tota! synthesis, combined with chromato
graphy and spectroscopic techniques (especially 
FfIR, NMR and mass spectroscopy), must con
firm the absolute structure of a particular flavo
no id . The analyticaJ problems encountered are 
frequently tough, tedious and laborious. It is like 
a j igsaw puzzle , reason why many chemists tra
ditionally carefully have walked around this pro
duct group. 
Reducti ve ring closure of chalcones results in 
the formation of fl avones. Naringenin chalcone 
is enzymaticaJly made from coumaroyl-CoA and 
malony l-CoA using the enzyme naringenin 
CHS, and this is converted to naringenin , from 
which apigenin (4' ,5,7-trihydroxyflavone) is 
formed by ring closure. Enzymatic methylation 
using the enzyme flavonoid-7-0-methyltransfe
rase results in the formation of genkwanin (4,5' -
dihydroxy-7-methoxyflavone). The numbering 
system is included in the genkwamin moJecule. 
The formation of genkwanin is only one possible 
pathway. There are a Jarge number of permuta
tions possible for the formation of flavonoids, 
depending on the enzymes that the plants make 

OH 

APIGENIN 
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use of or that are made available by micro-orga
nisms with which plants li ve in symbiosis 
(mostly fungi). 
Many of these reactions, and the micro-orga
nisms/enzymes involved , on the biosynthesis 
and metabolism of flavonoids (as well as styrene 
and lignin synthesis) are found in extensive data
bases such as from the Institute for Chemical 
Research of Kyoto University, found on 
www genome.ad . jp . The ICR database also 
covers ali other product groups such as carbohy
drates , lipids, etc . 

Flavon es 

The simplest representative of the group of fla
vones is " flavone", which does not carry any 
hydroxy, methoxy or glycosid ic groups. lt natu
ra lly occurs as "dust" on flowers and leaves . The 
laboratory synthesis of flavone is easy, and many 
different synthetic routes have been reported in 
the literature, using 2-hydroxyacetophenon and 
benzaldehyde. In table I some flavones have 
been collected that are frequently encountered in 
botanica! extracts. 
Most flavones are ye llow solids . A bathochromic 
shift is observed when flavones are dissolved in 
concentrateci sulphuric acid and a further shift of 
Àmax to bright orange/red is observed in a solu
tion of magnesium chloride/hydrochloric acid , 
while also the value of e at Àmax is also increased. 
The photochemicaJ stability is high. 

OH 

CH30 

GENKWANIN 
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Many flavones are soluble in (hot) water and 
ethanol , as well as in diluted alkali and acid, 
including a -hydroxycarboxylic acids (e.g. gly
colic acid). It is interesting to note that a signifi
cant synergism has been reported in cosmetic 
preparations whereby the flavones were dissol
ved in medium concentrated a-hydroxycarboxy
lic acids such as lactic acid and/or glycolic acid. 
Also trimethylglycine (betaine; originating from 
sugar beets) is an excellent solubility enhancer 
for flavones. 

Apigenin 

Reported activities: anti-ageing , antidermatitic, 
antistress, antitumour, antiviral , COX-1/2 inhibi
tor, DNA protective, hyaluroniodase inhibitor, 
MAO inhibitor , omithine decarboxylase inhibi
tor, topoisomerase I/II inhibitor, vasodilator, 
radioprotective . 
Apigenin is a flavone found in parsley, articho
ke, basil , Roman chamomile and celery. 
Over the last five years, a large number of publi
shed studies have demonstrated the anti-cancer 
properties of apigenin. To study the effects of 
various plant constituents, an examination was 
made of21 different flavonoids on the growth of 
human breast cancer cells . 

Flavones are generally found in herbaceous 
families such as Labiatae, Umbelliferae and 
Compositae. Important flavones are apigenin 
(Apium graveolens [celery], Carum petroseli
num [parsley]; 4,' ,5,7-trihydroxyflavone), luteo
lin (Equisetum arvense [horsetail] 3 ',4 ',5 ,7-
tetrahydroxyflavone) and diosmetin (3' ,5,7-tri
hydroxy-4 '-methoxyflavone). 

Apigenin was shown to the most effective anti
proliferative flavonoid tested. 

Table I 
Frequently occurring flavones 

Acacetin 5 ,7-dihydroxy-4 '-methoxyflavone 
Amento flavon (Sciadopitys in) 4' ,4,7-trimethoxyflavone 
Apigenin 4' ,5,7-trihydroxyflavone 
Apigenin trimethyl ether 4' ,5,7-trimethoxyflavone 
Baicalein 5 ,6,7-trihydroxyflavone 
Baicale in-7-methy l e ther 5,6-dihydroxy-7-methoxyfla vone 
Chrysin 5 ,7-dihydroxyflavone 
Chrysin dimethylether 5,7-climethoxyflavone 
Chrysoeriol 4' ,5,7-trihydroxy-3 '-methoxyflavone 
Diosmetin 3' ,5,7-trihydroxy-4' methoxyfl avone 
Eucalyptin 5-h ydrox y-4', 7'-d i methoxy-6,8-dimethy lfla vone 
Eupatorin 3' ,5-d ihydroxy-4' ,6,7-trimethoxyflavone 
Eupatorin-5-methyl ether 3 '-hydroxy-4' ,5,6,7-tetramethoxyflavone 
Garden in 5-hydroxy-3' ,4' ,5' ,6, 7 ,8,-hexamethoxyflavone 
Genkwanin (G erardo!) 4' ,5-d ihydroxy-7-methoxyflavone 
Hinokiflavone 4',6"-0-biapigenin 
Luteolin 3' ,4' ,5,7-tetrahydroxyflavone 
Luteolin tetramethy l ether 3' ,4' ,5,7-tetramethoxyflavone 
Morin 2' ,3,4' 5,7 ,8-hexahydroxyflavone 
Prato I 7 -hydroxy-4' -methoxyflavone 
Primuletin 5-hydroxyflavone 
Scutellarein 4' ,5 ,6, 7-tetrahydroxyflavone 
Scutellarein te tramethyl ether 5,6,7 ,4'-tetramethoxyflavone 
Sinensetin 3' ,4' ,5,6,7-pentamethoxy flavone 
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A related study showed that flavonoids such as 
apigenin bind to estrogen receptor sites on cell 
membranes in order to prevent over-prolifera
tion of these cells in response to estrogens. 
One particular study assessed the antioxidant 
potencies of several dietary flavonoids compa
red with vitamin C. Pre-treatment with all flavo
noids and vitamin e produced dose-dependent 
reductions in oxidative DNA damage. When ran
ked in order of potency, only apigenin, rutin and 
quercetin were more effective than vitamin C in 
reducing DNA oxidative damage. 
Apigenin was tested to ascertain its effect on 
human leukaernia cells. Apigenin was shown to 
induce apoptosis more effectively than quercetin 
and other flavonoids tested. The researchers 
attributed a unique mechanism of inducing 
apoptosis to the cancer preventive activity of 
apigenin. Another study showed that apigenin 
and the flavonoid luteolin strongly inhibited the 
growth of human leukaernia cells and induced 
these cells to differentiate. Topoisomerases are 
involved in many aspects of leukaemia cell 
DNA metabolism such as replication and tran
scription reactions. In one study, quercetin and 
apigenin were shown to inhibit topoisomerase
catalysed DNA irregulari ties. In a study of 
various agents used to induce differentiation of 
human promyelocytic leukaemia cells, apigenin 
and luteolin were among the flavonoids shown 
to cause these leukaemia cells to mature into 
healthy monocytes and macrophages. 
In studies against thyroid cancer celi lines, api
genin and luteolin were the most effective inhi
bitors found. Apigenin was demonstrated to inhi
bit cancer cell signal transduction and induce 
apoptosis. It was concluded that apigenin may 
provide a new approach for the treatment of 
human anaplastic thyroid carcinoma for which 
no effective therapy is presently available. 
Another study compared the effects of genistein, 
apigenin, luteolin , chrysin and other flavonoids 
on human thyroid carcinoma celi lines. Among 
the flavonoids tested, apigenin and luteolin 
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were, again, shown to be the most potent inhibi
tors of these cancer celi lines. The scientists 
noted that because these thyroid cancer cells lac
ked an anti-estrogen receptor binding site and an 
estrogen receptor, that apigenin and luteolin are 
inhibiting these cancer cells via previously 
unknown mechanisms. The scientists concluded 
that apigenin and luteolin may represent a new 
class of therapeutic agents in the management of 
thyroid cancer. 
Caltagirone et.al. (1) recently showed tumour 
growth inhibition using apigenin in their rese
arch to investigate the effects of particular flavo
noids on the growth and metastatic potential of 
B l 6-BL6 melanoma cells in vivo. A significant , 
dose-dependent delay of tumour growth, without 
toxicity, was observed in relative descending 
order of potency of apigenin > quercetin > tamo
xifen > resveratrol > contro!. Furthermore, poly
phenols significantly potentiated the inhibitory 
effect of a non-toxic dose of cisplatin. 
Apigenin can inhibit skin cancer induced by UV 
radiation (UV-A & B) and is therefore a highly 
valuable ingredient for sun care products . As it 
becomes more and more obvious that UV-filters 
are corning to the end of their lifetime cycle, new 
mechanisms become applicable such as to avoid 
excessive water loss and the development of 
genetic damage due to [2+2] photoadditions, 
apigenin is one of the newborn stars. 

Baicalein I Baicalin 

Reported activities: lipoxygenase inhibitor, anti
acne, reverse transcriptase inhibitor (HIV), anti
dote (strychnine), apoptotic, COX-1/2 inhibitor, 
triglycerolitic, xanthine oxidase inhibitor. 
Baicalein is a flavon found in Scutellaria 
Baicalensis (Baikal skullcap), largely as its gly
coside with glucuronic acid (coupled on the 7-
postion; baicalin). Baikal skullcap is member of 
the mint farni ly, ornamentally used in many gar
dens because of the beautiful flowers; despite its 
relationship with the mint farnily the flowers and 
leaves are virtually odour-free. 
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Baicalein/baicalin have been described as the 
most significant non-nucleoside reverse tran
scriptase inhibitors (NNRTI's). Reverse tran
scriptase, a specific enzyme for viruses enabling 
a virus to invade heaJthy cells and duplicate 
themselves, can be inhibited by some nucleotide 
analogues (NRTl's; FDA approved since 1985). 
Baicalein & baicalin have been shown to aJso 
effectively inhibit reverse transcriptases, such as 
in the case of HIV-1, without si de reactions. 
Integration of the virai DNA in the host chromo
some is carried out by a second viral enzyme, an 
integrase, which unexpectedly is also vulnerable 
to enzyme inhibition (2). 
3,5-Dicaffeoyl-quinic acid (a precursor for a 
number of flavonoids), found in Carqueja 
(Baccharis trimera) was reported to be a potent 
inhibitor of HIV-I integrase in vitro at dosages 
as low as only 1 mcg/ml (3). 
The applicable part of Baikal skullcap is the 
root. The pharmacological activity has been 
attributed to baicaJin , baicalein, and to a lesser 
extent to the lesser investigated flavonoid s 
wogonin and scutellarein. These flavonoids ali 
appear to bind to particular receptors with ben
zodiazepine-like effects (4). Baicalein has weak 
antipyretic properties and there are indications 
that it also has anti-mutagenic alpha-glucosidase 
activity. 
Baicalin has potent anti-inflammatory and anti
tumour properties. Some evidence suggests it 
can inhibit tumour growth and suppresses carci
noma celi proliferation. BaicaJein and baicalin 
are reported to be far more active as free-radical 
scavengers than e.g. d ,1-a-tocopherol. 
Baikal skullcap has antibacterial and antiviral 
properties, as well as antifungal activity, particu
larly against Candida albicans. It has been sug
gested that Scutellaria extract can be used aspre
servative, although broad spectrum activity is 
subject to discussion. 
Baikal skullcap, usually addressed a Scutellaria, 
has been listed in the Chinese Pharmacopoeia 
for centuries . Its dried roots are better known 
under the name "Oughon" were valued for their 
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anti-inflammatory action. Oughon was much 
sought after by noblewomen, as it helped to g ive 
them a radiant, porcelain complexion. Today, it 
is stili utilized in cosmetology for this reason 
(citation: Clarins). 
Many flavones occur as glycosides. In table II 
some frequently occurring glycosides. Flavones 
also occur in nature in association with tannins 
(polyesters of gallic acid; 3,4,5-trihydroxyben
zoic acid). Gallic ac id and its esters (e.g. propyl 
gall ate, dodecyl gallate) are well-known as 
powerful anti -oxidants, and probably these pro
ducts fulfil a similar role in higher plants. 
Next to the 0-glycosides fl avones also occur as 
C-glycosides. This has not been reported for 
other flavonoids. Examples of 0-glycosides are 
vitexin (3,4' ,5-trihydroxy-2-glucosylflavone) 
and isovitexin (3,4 ' ,5-trihydroxy-4-glucosylfla
vone). 
An interesting synthesis of flavones is by ring 
expansion of 2-benzylidenecoumaran-3-ones 
(Wheeler). These substances are known as auro
nes, and severa! have been reported to occur 
naturally. In aurones the 6-membered heterocy
clic ring is replaced by a 5-membered ring. 
Coreopsis grandiflora (tickseed), a nice o rna
mental flower, contains various aurones: hispi
dol , sulfuretin, mant1metin , leptosidin. 
Sulfuretin is identified as 6,3' ,4'-trihydroxyauro
ne. 

Flavonols 

Flavones with a hydroxy group on the 3-position 
(3-hydroxyflavones) are usually considered as a 
separate group, and are named flavonols . To this 
group belongs the most important product quer
cetin (3,3' ,4 ' ,5 ,7-pentahydroxyflavone). 
An important commerciai source for quercetin is 
the glycoside quercitrin, which is present in 
large amounts in the bark of Quercus tinctoria. 
Quercetin is also present in significant concen
tration in Ruta graveolens [rue], Fagopyrum 
esculentum and Sambucus nigra [elder flower]. 
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Table II 
Frequently occurring flavone glycosides 

Acacetin-7-neohesperidoside 
Acacetin-7-rutinoside 
Apigenin-7-apioglucoside 
Apigenin-7-glucoside 
Apigenin-7-rhamnogl ucoside/neohesperoside 
Apigenin-7-rutinoside 
Baicalein-7-0-glucuronide 
Diosmetin-7-neohesperidoside 
Diosmetin-7-rutinoside 
Lu teolin-8-C-gl ucoside 

~OH 

e~ H2 OH 
HO 

SULFURETIN 
3' ,4' ,6-trihydroxyaurone 

OH 

HO 
OH 

OH 

QUERCETIN 
3,3' ,4 ',5, 7-pentahydroxyflavon 

Quercetin is a very potent phosphodiesterase 
inhibitor with significant application potentiaL 
Quercetin is probably the most frequently occur
ring botanica! pigment, and many glycosides of 
quercetin have been isolated and identified. 

Fo1tunellin 
Linarin 
Api in 
Apigetrin; Cosmetin; Cosmiin 
Rhoifolin 
Isorhoifolin 
Baicalin 
Neodiosmin 
Diosmin, Barosmin 
Orientin 

The flavonols kaempferol (3 ,5 ,7 ,4' -tetrahydro
xyfl avone; present in Sambucus nigra, Cassia 
senna, Equisetum arvense, Lamium albu m 
[white nettle] and Polygonum bistorta) and 
Myricetin (3 ,5 ,7-trihydroxy-3' ,4' ,5 ' -trimetho
xyflavon; occurs in Glycyrrhiza glabra [licori
ce]) occur in many botanica! extracts to which 
they give a significant value-added. 
Other interesting flavonols are galangin (3,5,7-
trihydroxyflavone; galanga root) and gossypetin 
(gossypol; 3 ,5 ,7 ,8 ,3' ,4' -hexamethy lflavone; 
occurs in Gossypium herbaceum [cotton]). 
Gossypetin has anti-carcinogenic , antiviral and 
anti-allergic activity, and is active against infec
tions with Trypanosomes, next to fisetin and 
rhamnetin . In table III the most important flavo
nols are collected, while in table IV some of their 
glycosides are listed. 

Kaempferol 

The consumer product market offers a multitude 
of products that claim to have anti-ageing pro
perties. However, ageing is unavoidable, but the 
signs of ageing can be significantly delayed. The 
signs of ageing are biologically notatali signifi
cant. Ageing starts on the very moment of con
ception. 
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Table III 
Frequentfy occurring flavonols 

Fisetin 
Fisetin-3',4'-dimethyl ether 
Galangin 
Gossypetin 
Kaempferide 
Kaempferol 
Myricetin (Cannabiscetin) 
Quercetin 
Quercetin-3,5,7,3',4'-pentamethylether 
Quercetin tetramethyl ether 
Retusin 
Rharnnetin 
Robineti n (5-Hydroxyfisetin) 
Robinetin trimethyl ether 
Syringetin 
Tamarixetin 

The present points of view of gerontology is that 
the leve! of telomers is determining for the stati
stica! age (2) . 
The signs of skin ageing orig inate from a biolo
gically driven enzyme disbalance, whereby a 
wide variety of enzymes are involved (up to pre
sent more than 160 have been reported). This 
involves enzymes such as collagenases (collagen 
degrading enzymes), elastases (elastin degrading 
enzymes) , hyaluronidases (hyaluronic acid 
degrading enzymes; seven have been positvely 
identified) , tyrosinases (enzymes that induce the 
formation of melanin), c-ATPases (enzymes that 
degrade cyclic ATP), kinases (enzymes that cata
lyse the transfer of phosphate groups from a 
high-energy phosphate containing group [as ATP 
or ADP] to a substrate; many have been identi
fied) , etc. These enzymes require co-factors to 
become active, frequently vitarnins or metal ions 
such as Mg2+. Flavonoids may act as a negative 
co-factor: the enzyme is satisfied , but is imme
diately in-active, after the interaction {enzyme
flavonoid} has been realised, and there is no 
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3 ,3' ,4' ,7-tetrahydrox yfla vone 
3, 7-dih ydrox y-3' ,4'-dimethox yflavone 
3,5, 7-trihydrox yflavone 
3,3' ,4' ,5,7,8-hexahydroxytlavone 
3,5, 7-trihydroxy-4'-methoxyflavone 
3,4' ,5,7-tetrahydroxyflavone 
3,5,7 ,3',4' ,5'-Hexahydroxyflavone 
3,3' ,4' ,5,7-pentahydroxyflavone 
3,3' ,4 ' ,5,7-pentamethoxyflavone 
5-hydrox y-3, 7 ,3 ',4'-tetramethox yfla vone 
3,3, '4' ,7-tetramethoxyflavone 
3,5,3',4'-tetrahydroxy-7-methoxyflavone 
3,3' ,4' ,5' ,7-pentahydroxyfl avone 
3, 7-dihydrox y-3' ,4' ,5'-tri methox yflavone 
3 ,5, 7,4'-tetrahydroxy-3' ,5'-di methox yflavone 
4 ' -methox y-3 ,3 ',5, 7-tetrahydrox yflavone 

need for fu rther enzyme production. 
Consequently degradation of particular products 
is partially inhibited . Good examples are colla
gen and elastin (polymers that give structure to 
the skin), hyaluronic acid (which plays a role in 
the maintenance of the cellular water balance) , 
etc. 
Park & Ikegaki (5) demonstrated that propolis 
(bee glue) contains high levels of flavonoids 
(kaempferol , quercetin , pinocembrin, sakurate
nin and isosakuratenin , next to smaller amounts 
ofkaempferide [4 ' methylated kaempferol], aca
cetin and isorhamnetin). It was claimed that 
especially kaempferol was a potent hyaluronida
se inhibitor. lndependantly Uda et.al (2) showed 
that kaempferol (also occuring in large amounts 
in kale), as well as Zhang et.al (7), using brocco
li sprouts may induce phase II enzymes to delay 
carcinogenesis Jeading to premature apoptosis. 
In today's cosmetic chemistry some flavonoids 
act on enzyme inhibition using the estrogen pro
perties. Well-known examples of flavonoids 
with estrogen properties are the isoflavones 



genistein and daidzein. They are also named 
phenolic estrogens, to distingui sh them from ste
roidal estrogens. Geometrically the structure of 
daidzein compares to 17-~-estradiol and is there
fore able to mimic the spatial structure. Activity
wise phyto-estrogens are much weaker than ste
roidal estrogens, varying from 0,005-2%. Also 
formonometin and biochanin have phyto-estro
gen properties. 
The estrogen properties are by no means suitable 
to replace steroidal estrogens, but they do have 
significant interactions with the organism to ena
ble to reduce the effects of ageing, including the 
improvement of the quality of skin and the delay 
osteoporosis. In traditional Indonesian and 
Chinese phytopharmacy and in the Ayurvedic 
approach various sorts of legumes have been 
employed to contro! osteoporosis. 
Nonetheless, it shall be emphasised that the use 
of phyto-estrogens has a potential risk as to 
interfering the human hormone system has a 
price, although this price has not yet been deter
mined . This is not well possible either, as the 
issue of bio-availability has not yet properly 
been addressed. 
Flavonols also occur widespread in nature as 
their glycosides. Table IV summarises some of 
these glyosides. 
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The hydroxy groups may also be esterified with 
substituted cinnamic acids, such as coumaric 
acid (4-hydroxycinnamic acid), caffeic acid 
(3,4-dihydroxycinnamic acid), ferulic acid (4-
hydroxy-3-methoxycinamic acid), umbell ic acid 
(2,4-dihydroxycinnamic acid), sinapic acid (3,5-
dimethoxy-4-hydroxycinnamic acid). Also 
esters of the glycosides and substituted cinnamic 
acids occur widespread. A good example is tili
roside (Tilia cordata; Linden) , which can best be 
described as kaempferol-3-glucosylflavone
[J ,3]-coumaric acid ester. 

lsoflavones 

Isoflavones differ from flavones from the fact 
that the phenyl group is attached to the 3-posi
tion, compared to flavones where the phenyl 
group is attached to the 2-position. The isoflavo
nes also occur naturally, but have a rather limi
ted taxonomic distribution, mainly within the 
Leguminosae (beans, soybeans, lenti ls , chick 
peas, etc). A very rich source of isoflavones is 
dover; soybeans are probably second best. 
Approximately 1000 different isoflavones have 
been isolated and identified; most of them are 
colourless solids. 

Table IV 
Frequently occurring flavonol glycosides 

Isorhamnetin-3-rutinoside Narcisin 
Gossipetin-8-glucoside Gossypin 
Kaempferol-3-glucoside Astragalin 
Kaempferol-3-robinoside-7-rhamnoside Robinin 
Quercetin-3-arabinoglucoside Peltatoside 
Quercetin-3-arabinoside Avicularin 
Quercetin-3-galactoside Hyperoside; Hyperin 
Quercetin-3-glucoside Isoquercetin 
Quercetin-3-rhamnoside Quercitrin 
Quercetin-3-rutinose Rutin 

Myricetin-3-rhamnoside Myricitrin 
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OH 

HO 

TILIROSIDE 
(Tilia cordata) 

0-1 GLUCOSE (1,3) 1-1 COUMARIC ACID 

Well-known examples of isoflavones are geni
stein (4' ,5,7-trihydroxyisoflavone) and daidzein 
(4' ,7-dihydroxyisoflavone). Daidzein and geni
stein are phyto-estrogens. They are also named 
phenolic est:rogens, to distinguish them from ste
roidal estrogens. 
The interesting fact is that geometrically the 
structure of daidzein compares to 17-~-est:radiol 

and is therefore able to mimic the spacial struc
ture. Activity-wise phyto-estrogens are much 
weaker than steroidal estrogens , varying from 
0,005-2%. Also formonometin and biochanin 
have phyto-estrogen properties. 
The estrogen properties are by no means suitable 
to replace steroidal estrogens, but they do have 
significant interactions with the organisrn to ena
ble to reduce the effects of ageing, including the 
irnprovement of the quality of skin and the delay 
osteoporosis. In traditional Indonesian & 
Chinese phytopharmacy and in the Ayurvedic 
approach various sorts of legumes have been 
e mployed to contro! osteoporosis. 
Another interesting isoflavon is rotenone, which 
comes from derris root (Derris elliptica), 
Lonchocarpus uti li s (Southeast Asia) and 
Lonchocarpus urucu (South America). It is a 
powerful insecticide and very toxic to fish, one 
of its main uses by native people over the centu
ries. The fish is paralysed enabling an easy 
catch. 
It is remarkable that rotenone is toxic to guinea 
pigs and rats, but hardly toxic to rabbits. Human 
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toxicity of rotenone is low; the LD50 is larger 
than 2g/kg body weight. Extracts with rotenone 
are traditionally used to fight ectoparasites such 
as head lice, having said that rotenone is a seve
re irritant to eyes, skin, mucous rnembranes and 
throat. 

HO 

GENISTEIN 
4 ',S,7 -trihydroxyisoflavone 

OCH3 

ROTENONE 
(Rotenone has three chiral 

carbon atoms) 

OH 

OCH3 
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Table V 
Some isoflavones, as their aglycons & glycosides 

Biochanin-A 5,7-dihydroxy-4'-methoxyisoflavone 
Daidzein 4' ,7-dihydroxyisoflavone 
Formonometin 7-hydroxy-4'-methoxyisofla vone 
Glycitein 4' ,7-dihydroxy-6-methoxyisoflavone 
Genistein 4' ,5,7-trihydroxyisoflavone 
Genistein-4 ' ,7-dimethylether 5-hydroxy-4' ,7-dimethoxyisoflavone 
Prunetin 4' ,5-dihydroxy-7-methoxyisoflavone 
Genistin glucosy 1-7-genistein 
Glycitin 4' ,7-dihydroxy-6-methoxyisoflavone-7-d-glucoside 
Ononin formononetin-7-0-gl ucoside 
Sissotrin biochanin A-7-glucoside 

Table VI 
Some importantflavanones, as their aglycons 

Dihydrorobinetin 3 ,3 ',4' ,5', 7-pentamethoxyflavanone 
Pinocembrin 5 ,7-dihydroxyflavanone 
Sakuranetin 4' ,5-dihydroxy-7-methoxyflavanone 
Eriodictyol 3' ,4' ,5, 7-tetrahydrox yflavanone 
Hesperedin 3' ,5,7-trihydroxy-4'-methoxyflavanone 
Pinostrobin 5-hydroxy-7-methoxyflavanone (pinocembrin-7-methylether) 
Naringenin 5, 7,4'-trihydroxyflavanone 
Taxifolin 3 ,5 ,7 ,3' ,4'-pentahydroxyflavanone (2,3-dihydroquercetin) 
Fustin 3,3',4',7-tetrahydroxyflavanone (2,3-dihydrofisetin) 
Cyrtopterinetin; Farrerol 4' ,5, 7-trihydrox y-6,8-dimethy lflavanone 
Poncirin 5-hydroxy-7-methoxyflavanone 

Plants make rotenone starting with 4 ',5 ,7-trihy
droxyisoflavone, which is hydroxylated to 
obtain 2' ,4 ' ,5,5' ,7-pentahydroxyisoflavone, fol
Jowed by partial methylation with methionine 
and reaction with dimethylallyl pyrophosphate 
(the precursor for geranio! and farnesol) to intro
duce an isoprene unit on the 8-position. Ring 
closure finally leads to the formation of roteno
ne. 

found, which are summarised in table VI. 
A typical representative is 2,5-dihydroxy-7-
methoxyflavanone. This is found in black poplar 
buds (Populus nigra) . Al so hesperidin (3' ,5 ,7-tri
hydroxy-4' -methoxy-flavanone) and naringenin 
(4' ,5,7-trihydroxyflavanone) are frequently 
occurring products in botanica! extracts. 
Differentiation of products on the basis of the 
presence of a hydroxy group on the 3-position 
similar to flavones and flavonols is not applica
ble for flavanones. Due to the saturated ~2-3 
double bond there is at least one and frequently 
two asymmetric carbon atoms present. 
Frequently occurring flavanone glycosides are 
listed in table VII. 

Flava non es 

Flavanones are characterised by the absence of 
the D2-3 double bond. In this group some very 
important physiologically active products are 
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A very important flavanone is silymarine, obtai
ned from Silybum marianum (Compositae; mille 
thistle, Maria thistle) . Silymarin is a flavonoli
gnan that is used because of its hepatoprotective 
properties. It is extracted from the seeds the mi lle 
thistle and comes together with three structural
ly related components: sil ibinin, silydianine and 
silychristine. What is commercially offered as 
silymarin is the mix ture of these four substances. 
Silymarin was shown to provide cytoprotection 
and, above all , hepatoprotection. 
Si lymarin is used for the treatment of numerous 
liver disorders characterised by degenerative 
necrosis and fu nctional impairment. 
Furthermore, it is able to antagonise the toxin of 
Amanita phalloides and provides hepatoprotec
tion against poisoning by phalloidin , galactosa
mine, thioacetamide, halothane and CCl4 . It also 
protects hepatocytes from injury caused by 
ischemia, radiation, iron overload and vira i 
hepatitis. 
Also flavanones occur in Nature as g lycosides, 
and some of those are collected in table VII . 

Anthocyanins & Anthocyanidins 

A lot of flowering plants obtain their colour from 
anthocyanins. The aglycons are named antho
cyanidins. The products are derived from flavy-

lium chloride. The colours are usually highly 
brilliant and may vary from orange, red blue to 
violet. Frequently the name of the plant can be 
deducted from the name of the dye (table Vill). 

OH 

OH 

ERIODICTYOL 
3' ,4' ,S, 7-tetrahydroxyflavanone 

Anthocyanins are water-soluble glycosides, 
ethers of polyhydroxy flavylium chloride and 
sugar moieties (e.g. glucose, rhamnose and 
galactose). 
Pelargonidin is found in scarlet pelargonium and 
orange-red dahlia. Cyanidin is fou nd in deep red 
dahlia , red roses and blue cornflower. 
Delphinidin is fou nd in vio let to blue flowers 
such as delphinium. Peonidin is also found in 
many flowers, such as red peony. Malvid in is 
found in e .g. Primula viscosa (less blue than del
phinidin) , whi le hirsutidin is fou nd in e.g. 
Primula hirsute. 

Table VII 
Some important flavanones, as their glycosides 

Eriocitrin Eriodictyol-7-rutinoside 
Neoeriocitrin Eriodictyol-7-neohesperidoside 
Flavanomarein Isookanine-7-glucoside 
Neohesperidin Hesperetin-7-neohesperidoside 
Hesperidin Hesperetin-7-rutinoside 
Naringin Naringenin-7-neohesperidoside 
Narirutin N aringenin-7-rutinoside 
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Compared to f!avones, flavonols, isoflavones, 
etc., the conjugated system of flavylium chloride 
has significantly been increased, resulting in a 
marked bathochro-mic shift of Àmax· A system of 
8 conjugated double bonds is involved and many 
resonating structures are poss ible. Because of 
the positive charge on the oxygen atom these 
dyes are well soluble in water. Depending on 
thei r orig in they may also be used in food pro
ducts although the light fastness and the resistan
ce to acid and alkal i is rather limited. 
The colour of anthocyanins not only depends on 
the substitution pattern of the (substituted) 
hydroxy groups, but also on the presence of 
po lyvalent metal ions such as Ca2+, Mg2+, Fe2+, 
Cu2+, Mn2

• and other transition metal ions, as 
well as on the pH. In acid conditions the hydro
xy groups are untouched and the dye will be red 
in colour. In alkaline condition the phenolic OH 
groups are neutralised and the dye wi ll be blue. 

HO 
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A further bathochromic shift will occur if the 
phenolate groups wi ll sequester e .g. a Ca2•-ion , 
resulting in a more intense, frequently very bril
liant, blue colour. 
They occur in the aqueous cell-sap and are 
responsible for the massive variation o colours 
in flowers. The colours may range from blue via 
violetto red. The basic structure is 2-phenylben
zopyri lium ch loride. 
Both the phenyl group on the 2-position and the 
benzopyrilium itself may contain hydroxy and 
methoxy groups, to such an extent that up to six 
hydroxy/methoxy groups may be present. The 
2'- and the 6-position usually do not carry a 
hydroxy group. 

Chromons & Coumarins 

Also flavono ids exist that do not carry the phe
nyl group on the 2- or 3-position. 

o 

o OCH3 

OH 

SILYMARINE 

Table VIII 
Some anthocyanidin. flower dyes 

Pelargonidin 3,4',5,7-tetrahydroxyflavylium chloride 
Cyanidin 3,3' ,4,5,7-pentahydroxyflavylium chloride 
Delphinidin 3,3 ',4,5,5' ,7-hexahydroxyflavylium chloride 
Peonidin 3,4' ,5,7-tetrahydroxy-3'methoxyflavylium chloride 
Malvidin 3,4 ' ,5,7-tetrahydr oxy-3' ,5 ' -dimethoxyflavylium chloride 
Hirsutidin 3,4' ,5-trihydroxy-3 ',5' ,7-trimethoxyflavyllium chloride 
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OH 

HO 

ICI 
OH 

PELARGONIDIN 
3,4',5,7-tetrahydroxynaviylium chloride 

maric acid) which is not stable in free form and 
imrnediately forms the intra-molecular ester (see 
table IX). 

These are chromones that do not very frequently 
occur in botanica) extracts. This is contrary to 
coumarins found widespread in nature. 
Coumarins can be considered as intra-molecular 
esters of cis-2-hydroxycinnamic acid (cis-o-cou-

The corresponding furo-compounds occur wide
spread in nature: furochromones and furocouma
rins. Psoralens like 5-methoxypsoralen (bergap
ten), 8-methoxypsoralen (xanthoxantine) and 
imperatorin are examples of furocoumarins, 
while khelline is an example of a furochromone. 
Many representatives of this group of products 
are notorious because of there phototoxic 
effects. In a {2+2} photo-addition according to 
Woodward-Hoffmann these products react with 
the nucleic acids to such an extent that ineversi
ble genetic damage occurs (see table X). 

HO 

DAPHNETIN 5,8-DIHYDROXY 

Table IX 
Some frequently occurring coumarins. 

Daphnetin 7,8-Dihydroxycoumarin 
Daphnetin-7-methylether 8-Hydroxy-7-methoxycoumarin 
4-Methyldaphnetin 7,8-Dihydroxy-4-methylcoumarin 
Dicoumarol 3,3'-Methylene-bis-(4-hydroxycoumarin) 
Dimethylfraxetin 6,7,8-Trimethoxycoumarin 
Esculetin (Cichorigenin) 6 ,7-Dihydroxycoumarin 
4-Methylesculetin 6,7-Dihydroxy-4-methylcoumarin 
Citropten (Limettin) 5, 7-Dimethoxycoumarin 
Fraxetin 7 ,8-Dihydroxy-6-methoxycoumarin 
Fraxin Fraxetin-8-glucoside 
Herniarin 7-Methox ycoumarin 
Isoscopoletin 6-Hydroxy-7-methoxycoumarin 
Scoparone 6, 7-Dirnethoxycoumarin 
Scopoletin 7-Hydroxy-6-methoxycoumarin 
Umbelliferone 7-Hydroxycoumarin 
~-Methyl umbelliferone 7-Hydroxy-4-methylcoumarin 

106 



E. E.Brond-Gornys, H. Denzer. H. Meijer. H. M.Brond 

Table X 
Some frequenrly occurring psoralens. 

Angelicin (l sopsoralen) 

Bergapten 

Bergaptol 

Imperatorin (Ammidin, Marmelosin) 

Isopimpinellin 

Psoralen 

Trioxsalen (Trisoralen) 

Xanthotoxin (Methoxsalen) 

Xanthotoxol 

lmperaforin 

Imperatorin , 8-isoprenylpsora len, is one of the 
examples being subject to {2+2} photo-addi
tions according to the Woodward-Hoffmann 
rules. Imperatorin reacts with the nucleic acids, 
mainly thymine, to such an extent that irreversi
ble genetic damage occurs. The genetic damage 
that eventually could be caused can be made 
revers ible as on the skjn so-called "repair enzy
mes" (thymidylate synthetase) occur that are 
able to cut out the damaged part of the DNA and 
replace it by healthy materia!. 
The phototoxic effects of psoralens can be quite 
severe, In I 999 it was observed that agricultural 

HO '(r°H 
+ ~ hxv 

o 

... 

furo-(2,3-h)-coumarin 

5-methoxypsoralen 

5-hydroxypsoralen 

8-isoprenylpsoralen 

5 ,8-dimethox ypsoralen 

psoralen 

4,5' ,8-trimethylpsoralen 

8-methoxypsoralen 

8-hydroxypsoralen 

workers in the north of The Netherlands harve
sting celery had a 60% increased chance of deve
loping skin cancer because of the presence of 
psoralens in celery oiL Similar observations 
were done in 2000 for St.John 's wort 
(Hypericum perforatum). 
Angelicin and its methoxy derivatjves have been 
tested clinically in combination with ultraviolet 
A radiation for use in the treatment of psorias is. 
Angelicin, 5-methylangelicin and 4,5'-dimethy
langelicin, with and without UVA radiation, 
were also tested for skin carcinogenicity in mice 
by skin applicatjon. Ali compounds pro-duced 
skin cancer when admjrustered with UVA radia
tion but not when given alone. 

? Ny oH 
N 
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Angelicin and 5-methylangelicin form photoad
ducts with DNA upon illumination wi th 360 nm 
radiation. These are excised rapidly (within 24 
hours) from normai cells: 80-90% of the initial 
angelicin adducts and 65% of the initiaJ 5-
methylangelicin adducts. There are mechanisms 
for the repair of damaged DNA, although thjs is 
not applicable far Xeroderma Pigmentosum 
patients. 

H3C 

KHELLINE 
Khelline occurs in Visnaga vera 

(Khella extract) 

Many of the psoralen-containing botanicals are 
beneficially used in skin care products . 
However, the interaction with light shall be avoi
ded at any time. Psoralens are often highly fun
ctional to the skjn and the body, and many of 
those products are pharmaceutically interesting 
or are already used in practice. Ora! or intrave
nous toxicity of psoralens is usually not existent 
or negligible. Many vegetables contain psora
lens, but the vegetables are on a day-to-day basis 
part of the menu. 
The genetic damage that eventually is caused 
can be made reversible as on the skin so-caJled 
"repair enzymes" (thymidyJate synthetase; folic 
acid is used as the co-factor) occur that are able 
to cut out the damaged part of the DNA and 
replace it by healthy materiai. 
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BERGAPTEN 
8-methoxypsoralen 

Neoflavonoids 

Neoflavonoids have a totally different chemical 
structure . The carbonyl group is located on the 
2-position (it is therefore a cycl ic ester) and the 
phenyJ group on the 4-position (4-phenylcouma
rins). They could be considered as 3-phenyl sub
stituted cinnarnic acids. There are not many 
representatives known of the group of neoflavo
noids, and frequently they are frequently identi
fied as "abnormaJ flavonoids" 

To be continued on voi. 25 issue no. 4 
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