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Chmelové hlavky obsahuji fadu vyznamnych sloucenin, které jsou hojné pouzivany v pivovarstvi, ale v posledni dobé roste zajem
o vyuziti chmele i k dal$im ucellim, zejména ve farmaceutickém priimyslu. Mezi slou¢eniny chmele s farmaceutickym potencialem patfi
i skupina prenylovanych flavonoidd, které vykazuji fadu vyznamnych pozitivnich G¢inkl na lidské zdravi, a to zejména antikarcinogen-
nich, kardiovaskularnich, antioxida¢nich, antimikrobialnich, protizanétlivych a estrogennich. V pfehledném ¢&lanku jsou prezentovany
soucasné znalosti o jednotlivych biologickych Ucincich, potencialné vyuzitelnych ve farmaceutickém primysiu.

Nespor, J., Hanko, V., Karabin, M., Jelinek, L., Dostalek, P.,2017:Prenylated flavonoids as valuable biologically active compounds
from hops. Kvasny Prum. 63(4): 164—-172

Hop cones contain a number of important compounds, which are frequently used in the brewing industry. Recently, an increasing
interest has been raised in using hops also for other purposes, particularly in the pharmaceutical industry. The group of prenylated
flavonoids belongs to compounds with pharmaceutical potential. They display anticancer, cardiovascular, antioxidant, antimicrobial, anti-
inflammatory and oestrogenic effects, which have a positive impact on human health. This study presents the current knowledge about
the biological effects exploitable in the pharmaceutical industry.

Nespor, J., Hanko, V., Karabin, M., Jelinek, L., Dostalek, P., 2017: Prenylierte Flavonoide wie biologisch aktivwertvolle Stoffe des
Hopfens. Kvasny Prum. 63(4): 164-172

Die Hopfendolden enthalten eine Reihe von bedeutenden Verbindungen, die haufig in der Brauindustrie angewandt sind, zur Zeit
nimmt die Interesse tber ihre Anwendung zu den anderen Zwecken zu, ins besonders in der pharmazeutischen Industrie. Unter den
Verbindungen des Hopfens mit dem pharmazeutischen Potenzial gehért auch die Gruppe von prenylierten Flavonoiden, die eine Reihe
von bedeutenden Wirkungen auf die menschliche Gesundheit, ins besondere Antikarzionogen-, Kardiovaskular-, Antioxidant-, Antimik-
robial-, Antientziindug- und Ostrogenwirkungen ausweisen. In dem (ibersichtlichen Artikel werden die zeitgendssischen Kenntnisse tiber

einzelnen biologischen Wirkungen, die potenziale Ausnutzung in der pharmazeutischen Industrie haben, angefuhrt.
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1 UVOD

Chmel otacivy (Humulus lupulus L.) z Celedi konopovitych je
rostlina, ktera je vyuzivana k lékafskym ucelim vice nez 2000 let
(Koetter a Biendl, 2010). Jiz ve starovéku lécitelé pouzivali chmel
pfi 1é¢bé malomocenstvi, zapachu nohou, proti zacpé a pfi ¢isténi
krve (Karabin et al., 2015). V 11. stoleti popsal arabsky Iécitel Mesue
protizanétlivé ucinky chmele (Koetter a Biendl, 2010). Pozdéji, roku
1158, némecka abaty3e a bylinarka Hildegarda z Bingenu nepfimo
potvrdila antimikrobialni vlastnosti chmele, kdyz doporucila pfidava-
ni chmele do népoji za ucelem prodlouzeni jejich skladovatelnosti.
Od 13. stoleti se vétsina historickych spist zminuje prfevazné o vy-
uziti chmele pro pivovarské ucely. Dochovala se i fada Iékafskych
dokumentl z tohoto obdobi a v jednom z nejcennéjsich, rukopisu
z 15. stoleti ,Garden of Health®, je popsan pozitivni u¢inek chmele
pfi 1é€bé usni infekce (Karabin et al., 2015). V 16. stoleti némec-
ky botanik Hieronymus Bock zdokumentoval prvni aplikace chmele
v gynekologii, Paracelsus pouzival rostliny chmele pfi zlepSeni tra-
veni a italsky Iékaf Matthioli uverejnil informace o jeho moc¢opudnych
ucincich a podpurné roli pfi tvorbé ZluCovych stav (Biendl, 2009;
Koetter a Biendl, 2010). Od 19. stoleti se chmel pouzival v ramci
ototerapie pfi l1é¢bé nespavosti v kombinaci s kozlikem |ékafskym
(Dimpfel a Suter, 2008). Dikaz estrogennich U¢inkd vychazi ze zku-
Senosti pfi skliznich chmele, jenz byl az do prvni poloviny minulého
stoleti sklizen a zpracovavan vyhradné ruéné. Rada zen pracujicich
na sklizni si tehdy stézovala na menstruaéni poruchy, které se obje-
vily pravé v dobé sklizné. V padesatych letech 20. stoleti prokazali
Koch a Heim silné estrogenni vlastnosti latek obsazenych v chmelu
(Koch a Heim, 1953). Proto se v sou¢asnosti chmel, nebo chmelové
materialy specialné obohacené o fytoestrogeny, pouzivaji v komer¢-
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1 INTRODUCTION

The common hops (Humulus lupus L) is a species in the Can-
nabacea family. It has been used for medical purposes for more
than 2000 years (Koetter and Biendl, 2010). The healers in ancient
times used hops against leprosy, smelly feet, constipation and for
blood cleansing (Karabin et al., 2015). The Arabian healer Mesue
described the anti-inflammatory effects in the 11th century (Koetter
and Biendl, 2010) and later in 1158, the German abbess and herbal-
ist Hildegard von Bingen confirmed indirectly the antimicrobial prop-
erties of hops. She recommended a hops supplement in drinks for
extending their shelf life. The historical records since the 13th cen-
tury have mentioned the use of hops in brewing. A number of other
medical reports from that time survived as well. The positive effect
of hops in the treatment of ear infections has been described in one
of the most precious manuscripts from the 15" century called ‘Gar-
den of Health’ (Karabin et al., 2015). The botanist Hieronymus Bock
described the first applications of hops in gynaecology in the 16th
century; Paracelsus used hop plants for digestion improvement and
the Italian doctor Matthioli published information about its diuretic
effects and supporting role in the production of gall secrets (Biendl,
2009; Koetter and Biendl, 2010). Hops in combination with valerian
was used in phytotherapy as a treatment for insomnia since the 19th
century (Dimpfel and Suter, 2008). The evidence of oestrogenic ef-
fects comes from experiences during hops harvesting. Up until the
first half of last century, hops was harvested exclusively by hands
and exactly during the harvest time many women complained about
menstruation disorders. Koch and Heim (1953) described the dis-
tinct oestrogenic properties in the fifties of the last century (Koch and
Heim, 1953). Currently, hops or hop preparations enriched with phy-
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nich potravinovych doplficich pro Zeny pfi obtizich v menopauze,
nebo pfi pfiznacich hormonalnich poruch (Karabin et al., 2015).
Vétsina biologicky aktivnich latek chmele se naléza v chmelovych
hlavkach a patfi mezi né pryskyfice, silice i polyfenolové slouceniny.
Posledni zmifiované zahrnuji i skupinu prenylovanych flavonoid(i,
které se v uplynulém desetileti dostaly do popfedi védeckého zajmu,
staly se tématem mnoha odbornych studii a také soucasti 1éCeb-
nych terapii. Jejich U¢inky je dnes mozno uspésné vyuzivat v [é¢bé
hormonalnich poruch, nespavosti a mohou také hrat vyznamnou
roli v boji proti nadorovym onemocnénim, pfipadné zlepSovat funkci
gastrointestinalniho traktu (Zanoli a Zavatti, 2008).

2 CHARAKTERISTIKA CHMELOVYCH
PRENYLFLAVONOIDU

Prenylované flavonoidy jsou specifickou skupinou flavonoidd, kte-
ra svou strukturou stoji na pomezi polyfenol(l a chmelovych prysky-
fic, spolu s nimi produkovany lupulinovymi zlazkami na trichomech
listenG. Zahrnuji dvé podskupiny: chalkony a flavanony (obr. 1), liSici
se pouze v cyklizaci uhlikového skeletu (Karabin et al., 2015).

Nejhojnéji zastoupenymi a nejvyznamnéjSimi prenylovanymi fla-
vonoidy (obr. 1) v Cerstvém chmelu jsou chalkony: xanthohumol,
((E)-1-[2,4-dihydroxy-6-methoxy-3-(3-methylbut-2-enyl)fenyl]-3-(4-
-hydroxyfenyl)prop-2-en-1-on) a desmethylxanthohumol ((E)-1-[2,4-
-dihydroxy-6-methoxy-3-(3-methylbut-2-enyl)fenyl]-3-(4-hydroxy-
fenyl)prop-2-en-1-one). Ve stopovych koncentracich byl prokazan
vyskyt nejméné 10 dalSich prenylovanych nebo geranylovanych
chalkonll a 9 prenylovanych nebo geranylovanych flavanond (Ste-
vens et al., 1997; Stevens a Page, 2004).

Prestoze jsou xanthohumol a desmethylxanthohumol v ¢erstvém
chmelu zastoupeny v mnohem vys$i mife nez ostatni prenylflavo-
noidy, sledem izomeraénich reakci pfi zpracovani chmele, pfipadné
vyrobé piva, vznikaji dalsi biologicky vyznamné slouceniny, napfiklad
z xanthohumolu vznika isoxanthohumol. Ov§em jednou z nejdllezi-
téjsich isomeraénich reakci prenylflavonoidll je pfeména estrogenné
neaktivniho desmethylxanthohumolu na smés aktivnich estrogent
6-prenylnaringeninu a 8-prenylnaringeninu, obvykly pomér je 3:2
ve prospéch 6-prenylnaringeninu (Chadwick et al., 2006). Intenzi-
ta isomeraéni reakce se zvySuje se vzrUstajici teplotou a hodnotou
pH. Pfi vyrobé piva je obsah 8-prenylnaringeninu zavisly na odriidé
chmele, klimatu, podminkach péstovani a skladovani (Karabin et al.,
2015). Bylo zjisténo, ze koncentrace 8-prenylnaringeninu v pivu od-
povida 10 — 20 % z ptvodniho mnozstvi této latky ve chmelu (Tekel’
et al., 1999).

Jak jiz bylo fe¢eno, biosyntéza prenylflavonoidt probiha v lupuli-
novych Zlazkach. Ty se nachazi na trichomech listent chmelovych
hlavek ¢i pfimo na chmelovych listech (Stevens a Page, 2004).
Biosyntetické drahy flavonoidl jsou dnes jiz velmi dobfe prostu-
dovany na enzymové i genetické urovni (Stevens a Page, 2004).
Jsou obdobné syntéze a-horkych kyselin, liici se pouze ve vstupni
aminokyseling, kterou v pfipadé syntézy prenylflavonoid(i predsta-

tooestrogens are used as commercial food supplements for women
with menopausal problems in or with hormonal disorders (Karabin
et al., 2015).

Most of the biologically active substances of hops such as resins,
essential oils and polyphenolic compounds were found in the hop
cones. The polyphenolic compounds also include a group of pre-
nylated flavonoids. These became the highest scientific interest and
grew to be a topic of many professional studies and parts of medi-
cal therapies in last decade. Recently, the properties of prenylated
flavonoids have been successfully used in the treatment of hormonal
disorders and insomnia. They could also be used as a part of can-
cer treatment and they could improve the function of gastrointestinal
tract (Zanoli and Zavatti, 2008).

2 CHARACTERISTICS OF HOP
PRENYLATED FLAVONOIDS

Prenylated flavonoids belong to a specific group of flavonoids
which according to its structure between polyphenols and hop resin.
They are synthesized in lupulin glands (glandular trichomes) placed
on bracteoles. They are divided in two subclasses: chalcones and
flavanones (Fig.1) Which differ only in the cyclization of the carbon
ring (Karabin et al., 2015).

The most frequent and most important prenylated flavonoids in
fresh hops (Fig.1) are the chalcones: xanthohumol ((E)-1-[2,4-di-
hydroxy-6-methoxy-3-(3-methylbut-2-enyl)fenyl]-3-(4-hydroxyfenyl)
prop-2-en-1-on) and desmethyxanthohumol ((E)-1-[2,4-dihydroxy-
6-methoxy-3-(3-methylbut-2-enyl)fenyl]-3-(4-hydroxyfenyl)prop-2-
en-1-one). At least ten other prenylated or geranylated chalcones
and nine other prenylated or geranylated flavanones were found in
trace concentrations (Stevens et al., 1997; Stevens and Page, 2004).

The fresh hops contain more xanthohumol and desmethylxantho-
humol than any other prenylflavonoids. However by isomerisation
during hops processing and beer production, further biologically
relevant compounds are produced, for example xanthohumol turns
into isoxanthohumol. One of the most important isomeric reactions of
prenylflavonoids is a transformation of oestrogenic non-active des-
methylxanthohumol to a mixture of active oestrogens 6-prenylnarin-
genin and 8-prenylnaringenin, usually in a 3 : 2 ratio (Stevens et al.,
1997; Stevens and Page, 2004). The intensity of the isomeric reac-
tion increases with elevating temperature at higher pH. The content
of 8-prenylnaringenin during beer production depends on the variety
of hops, the climate, the growing conditions and the storage (Karabin
et al., 2015). It was found that the concentration of 8-prenylnarin-
genin in beer reaches from 10 to 20 % of its original content in hops
(Tekel et al., 1999).

As mentioned above, the biosynthesis of prenylflavonoids takes
place in the lupulin glands (glandular trichomes). These can be found
on the bracteoles of the hop cones or directly on the hop bracts (Ste-
vens and Page, 2004). Nowadays, the enzymatic and genetic as-
pects of the biosynthetic pathway of flavonoids are well known. (Ste-

vens and Page, 2004). They are

similar to syntheses of a-bitter

Vyznamni zastupci prenylchalkont
Important prenylated chalcones

Vyznamni zastupci prenylflavanont
Important prenylated flavanones

Xanthohumol:
R,=Pn, R,=H, R;=H, R,=CH,

Isoxanthohumol: R,= CH,, R,=H, R;=H, R,=Pn

Desmethylxanthohumol: R,=Pn, R,=H, R,=H, R,=H

6-Prenylnaringenin: R,=H, R,=Pn, R,=H, R,=H

8-Prenylnaringenin: R,=H, R,=H, R,=H, R,=Pn
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Obr. 1 Struktury vyznamnych prenylflavonoidd (1 — Chalkony, 2 — Flavanony); Pn = prenyl; H = vodik;
CH, = methyl / Fig. 1 The structures of important prenylated flavonoids (1 — Chalcons, 2 — Flavanons); Pn
= prenyl; H = hydrogen; CH; = methyl.

acids and they differ only in the
entering amino acid, which is, in
case of prenylflavonoid synthe-
sis, tyrosine (Stevens and Page,
2004). The first step in the bio-
synthesis of prenylflavonoids
is a transamination and decar-
bonisation of the tyrosine. It re-
sults in p-cumaroylCoA, which
condense with three other mole-
cules of malonylCoA to chalcon-
aringenin. The chalconsynthase
(EC 2.3.1.74) enzyme catalyzes
this reaction. The biosynthetic
pathway of many flavonoids pro-
ceeds with enzymatic transfor-
mation of polyketide chalconar-
igenin to flavanon by means of
chalconisomerase (EC 5.5.1.6).
A similar isomerisation also pro-
ceeds as a non-enzymatic reac-
tion, whereas two enantiomers
(2R)-naringenin and (2S)-narin-
genin result. In the case of the



Kvasny Prum.
63/2017 (4)

166

Prenylované flavonoidy jako cenné biologicky aktivni latky chmele

vuje tyrosin (Stevens a Page, 2004). Prvnim krokem biosyntézy pre-
nylflavonoidll je transaminace a dekarboxylace tyrosinu za vzniku
p-kumaroylCoA, ktery dale kondenzuje spole¢né s tfemi moleku-
lami malonylCoA za vzniku chalkonaringeninu. Tato reakce je ka-
talyzovana enzymem chalkonsyntazou (EC 2.3.1.74). Biosyntéza
mnoha flavonoidu je déle vedena cestou enzymatické pfemény po-
lyketidu chalkonaringeninu na flavanon za pfi¢inéni chalkonisome-
razy (EC 5.5.1.6). Podobna isomerace probiha také neenzymaticky
za vzniku dvou enantiomer(, (2R)-naringeninu a (2S)-naringeninu.
V pripadé biosyntézy xanthohumolu je vSak isomerace aromatic-
kého jadra na flavanon blokovana prenylaci a O-methylaci, jez je
katalyzovana O-methyltransferazou (EC 2.1.1.42). Prenylové fetéz-
ce jsou na jadro napojovany diky prenyltransferdze (EC 2.5.1.58).
Prenylaci cyklu dimethylallyldifosfatem vznikéd desmethylxanthohu-
mol, ktery je nasledné methylovan na hydroxylové skupiné za vzniku
xanthohumolu (Stevens a Page, 2004).

3 ZDRAVOTNI l'léINKoY
PRENYLFLAVONOIDU

V posledni dobé se prenylované flavonoidy dostaly do popredi za-
imu, a to zejména diky jejich pozitivnimu dopadu na lidské zdravi.
Prenylové flavonoidy potladuji riziko vzniku fady zavaznych nemoci
¢i zlepSuji 1é€bu a jejich biologicka aktivita Uzce souvisi s jejich che-
mickou strukturou (Karabin et al., 2015).

3.1 Antikarcinogenni ucinky

Studie provedené v poslednich letech prokazaly ve chmelu exis-
tenci latek s antikarcinogennim potencidlem, mezi néz se fadi ze-
jména polyfenolové slouceniny. Napfiklad xanthohumol je schopen
inhibovat tvorbu prokarcinogen(l a zaroven indukovat enzymy podi-
lejici se na likvidaci karcinogenl & dokonce zamezit rdstu nadoru
jak v jeho rané, tak i v pokrocilé fazi bujeni (Karabin et al., 2015).
V pokrogilém stadiu riistu nadoru jsou flavonoidy schopny potladit
tento proces tim, Ze inhibuji syntézu DNA a angiogenezi, na druhé
strané pak indukuji apoptézu nadorovych bunék (Gerhauser, 2005a;
Ramos, 2008). Flavonoidy jsou obecné schopny inhibovat proliferaci
nadorovych bunék, zastavit nadorovy rlst a aktivné se podilet na in-
hibici karcinogeneze (Ramos, 2008).

U xanthohumolu a nékterych dalSich prenylovanych flavonoid(,
jako napfiklad isoxanthohumolu, byla prokdzana schopnost inhibice
enzymU cytochromu P450, které transformuji exogenni a endogenni
prokarcinogeny do jejich aktivnich forem — karcinogent (Hodek et
al., 2002; Moon et al., 2006). Ve studii Hendersona et al. (2000)
bylo prokazano, ze koncentrace 10 yM xanthohumolu v mySim séru
témér uplné inhibuje aktivitu enzymd 1A1 a 1B1 cytochromu P450.
Enzym 1A2 byl inhibovan z 90 % i 8-prenylnaringeninem a isoxan-
thohumolem (Henderson et al., 2000). Ve studii s lidskymi jaternimi
burikami (HepG2) byly prokdzany antimutagenni ucinky xanthohu-
molu jiz pfi koncentraci 0,01 pM, inhiboval pfeménu na prokarcino-
genni latky 2-amino-3-methylimidazo [4,5-f]chinolinu (1Q) a terc-butyl
hydroperoxidu (t-BOOH), které jsou aktivovany enzymy cytochromu
P450 (Ferk et al., 2010; Plazar et al., 2007). Tyto a dal$i vysledky do-
kladaji, ze prenylflavonoidy jsou Gc¢inné selektivni inhibitory enzymi
cytochromu P450 (Moon et al., 2006).

Jednou z forem antikarcinogennich uéinkd prenylflavonoidd jsou
jejich chemopreventivni vlastnosti, které pomahaji snizovat mnoz-
stvi jiz vzniklych nadord plsobenim specifickych enzymd. Jeden
z téchto enzymU je NAD(P)H:chinonreduktasa, ktera katalyzuje re-
dukci chinonu na hydrochinony, které jsou vhodnéjsi pro naslednou
konjungaci, a tim dochazi k snadné&jSimu vylou€eni téchto slou€enin
z bunék. Bylo zjisténo, ze xanthohumol a nejméné Sest dalSich pre-
nylflavonoidt uz v mikromolarnich koncentracich nékolikanasobné
zvysily aktivitu chinon reduktasy v mysSich jaternich burikach Hepa
1c1c7 (Miranda et al., 2000a). Koncentrace vyvolavajici dvojna-
sobné zvySeni aktivity enzymu se pohybovala v rozmezi od 1,8
do 10,1 pM, pfi¢emz Uc€inné&jSi v tomto sméru byly prenylované chal-
kony. Flavonoidy bez prenylovaného nebo geranylovaného C-konce
byly prakticky neucinné (Miranda et al., 2000a).

Progresivni faze karcinogeneze se vyznaluji nekontrolovanou
bunécnou proliferaci, ktera je nezavisla na rastovych faktorech,
a takto nové vzniklé bunky odolavaji apoptéze. Antikarcinogenni
ucinky prenylflavonoidll v progresivnich fazich karcinogeneze jsou
pri¢itany jejich schopnostem ovliviiovat syntézu DNA. In vitro testy
potvrdily, Ze xanthohumol je schopny inhibovat lidskou DNA polyme-
razu, ktera je zodpovédna za iniciaci DNA syntézy. Tato schopnost
byla prokdzana i u isoxanthohumolu, ovSem v mnohem mens$i mife

biosynthesis of xanthohumol, however, prenylation and O-methyla-
tion steps inhibit the isomerisation of the aromatic ring, which is cata-
lyzed by O-methyltransferase (EC 2.1.1.42). The prenylated chains
are added to the ring by means of prenyltransferase (EC 2.5.1.58).
By a prenylation of the ring by dimethylallyldiphosfphate, desmet-
hylxanthohumol results, which is subsequently methylated at the hy-
droxyl group to form xanthohumol (Stevens and Page, 2004).

3 HEALTH EFFECTS OF PRENYLATED
FLAVONOIDS

Recently, the prenylated flavonoids became a matter of interest,
particularly because of their positive impact on human health. They
lower the risk of developing many severe diseases and improve the
therapies. Their biochemical activities result from their chemical
structure (Karabin et al., 2015).

3.1 Anticancer effects

The studies carried out on hops confirmed the presence of com-
pounds (namely polyphenols) with anticancer properties. For in-
stance, xanthohumol is able to inhibit the formation of pro-carcin-
ogens and as well as induce enzymes, which can partake in the
disposal of carcinogens or even stop the growth of tumours in their
early as well as in advanced stages of the proliferation (Karabin et
al., 2015). In the advanced stage of tumour growth, the flavonoids
suppress the process by inhibiting the synthesis of DNA and angio-
genesis and induce apoptosis (programmed cell death) of the tumour
cells (Gerhauser, 2005a; Ramos, 2008).

Xanthohumol and some other prenylflavonoids such as isoxan-
thohumol are able to inhibit the cytochrome P450 enzymes that
transform exogenous and endogenous procarcinogens to their ac-
tive forms, carcinogens (Hodek et al., 2002; Moon et al., 2006). The
study by Henderson et al. (2000) proved that a concentration of 10
MM of xanthohumol in a mouse serum inhibits any activities of 1A1
and 1B1 cytochrome P450 enzymes almost totally. The inhibition of
1A2 enzyme by 8-prenylnaringenin and isoxanthohumol was up to
90% (Henderson et al., 2000).

The study on human liver cells (HepG2) showed the antimutagenic
effects of xanthohumol, which inhibited the transformation into pro-
carcinogenic substances 2-amino-3-methylimidazo [4,5-f]chinolin
(1Q) and terc-butyl hydroperoxide (t-BOOH) already at the concen-
tration of 0.01 yM. These procarcinogens are activated by human
cytochrome P450 enzymes (Ferk et al., 2010; Plazar et al., 2007).
These and further results demonstrated that prenylflavonoids act as
powerful selective inhibitors of cytochrome P450 enzymes (Moon et
al., 2006).

Other anticancer effects of prenylflavonoids are their chemopre-
ventive properties. They help to lower the amount of already existingt
tumours due to specific enzymes. One of these enzymes is NAD(P)H
quinone reductase, which catalyzes the reduction of quinone to hyd-
roquinones. These are more suitable for a following conjucation and
thereby for an easier exclusion of these compounds from the cells.
Miranda et al. (2000a) found that xanthohumol and at least six other
prenylflavonoids enhance the activity of quinone reductase Hepa
1c1c7 in liver cells of mice several fold, even at micro molar con-
centrations. Concentrations from 1.8 to 10.1 pM doubled the activity,
whereas the prenylated chalcones were more effective. Flavonoids
without the prenylated or geranylated C end were virtually ineffective
(Miranda et al., 2000a).

An uncontrolled cell proliferation independent on growth factors is
typical for a progressive carcinogenesis. The cells developed in this
way are immune to apoptosis. In a progressive stage of carcinogen-
esis, the anticancer effects of prenylflavonoids result from their ability
to influence the DNA synthesis. The in vitro tests confirmed the abil-
ity of xanthohumol to inhibit human DNA polymerase responsible for
the initiation of DNA synthesis. This ability was proven also for isox-
anthohumol, however, in far lesser extent (Gerhauser et al., 2002).
Due to the modulation of a number of key elements such as cas-
pases, BCL2 genes and tumour necrosis factor alpha (TNF-a), which
partake in cell signal transductions involved in apoptosis (Deeb et
al., 2010; Ramos, 2007), the prenylflavonoids also influence the ac-
tivation of apoptofic processes of tumour cells (Araujo et al., 2011).
Therefore, the most important hop flavonoid, xanthohumol, is able to
inhibit in vitro and in vivo the growth of cancer cells or induce their
apoptosis. The tests showed a reduction in the proliferation of leuke-
mic cell lines (Benelli et al., 2012) as well as a reduction of prolifera-
tion in ovarian tumour (Drenzek et al., 2011), in mammary tumours
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(Gerhauser et al., 2002). Prenylflavonoidy maji také vliv na aktivaci
apoptotickych (apoptéza — programovana bunééna smrt) procesl
nadorovych bunék (Araujo et al., 2011) diky modulaci fady kli¢o-
vych prvkl podilejicich se na bunééném prenosu signdlli spojenych
s apoptozou (napf.: kaspazy, Bcl-2 geny, faktor nadorové nekrozy
alfa TNa) (Deeb et al., 2010; Ramos, 2007). Hlavni prenylflavonoid
chmele xanthohumol tak mudze in vitro a in vivo inhibovat rist, nebo
indukovat apoptézu rGznych rakovinnych bunék. Pokusné jiz bylo
prokazéno snizeni proliferace bunéénych linii leukemie (Benelli et
al., 2012), nadoru vajecnikl (Drenzek et al., 2011), prsu (Monteiro
et al., 2008), tlustého stfeva (Pan et al., 2005), prostaty (Deeb et al.,
2010; Delmulle et al., 2006) a jater (Dorn et al., 2010).

3.2 Protizanétlivé ucinky

Odhaduje se, Ze pfiblizné 18 % vSech pfipadl rakoviny je spoje-
no s chronickymi zanéty (Gerhauser, 2009) obvykle zplUsobenymi
nadmérnou produkci tkanovych aktivator(i zanétu, zejména pro-
staglandin(i a oxidu dusnatého. Bylo prokazano, ze prenylflavonoidy
inhibuji klicové enzymy ucastnici se jejich biosyntézy (Gerhauser et
al., 2002). Meziproduktem biosyntézy prostaglandinli je arachidono-
va kyselina, a proto i regulace jeji tvorby mize mit vyznamny vliv
na vznik a rozvoj zanétu (Ferrandiz a Alcaraz, 1991). VétSina prenyl-
flavonoidl jsou uginnymi inhibitory pfemény arachidonové kyseliny
na prostaglandiny prostfednictvim inhibice genové exprese enzymu
cyklooxygenasy-1 (COX-1), a cyklooxygenasy-2 (COX-2) (Gerhaus-
er, 2005a). Na druhé strané isoxanthohumol za stejnych podminek
tuto schopnost nevykazuje (Gerhauser et al., 2002) a 8-prenylnarin-
genin inhiboval pouze COX-2, &¢imz zmirfioval zanét v mysich mak-
rofazich (RAW 264,7) in vitro (Paoletti et al., 2009).

Jaderny transkripéni faktor (NF-kB) ovliviiuje regulaci exprese
genu koédujicich proteiny, které se podileji na potladeni zanétu. Pra-
vé NF-kB podporuje transkripci genli cyklooxygenasovych enzyma,
zejména indukovatelné formy COX-2 (Araujo et al., 2011; Ramos,
2008). In vitro bylo zjisténo, Ze xanthohumol a jiné prenylflavonoidy,
napfiklad 8-prenylnaringenin, silné inhibuji aktivitu NF-kB. Colgate
a kol. (2007) zkoumali vliv xanthohumolu na inhibici NF-kB v bu-
nécnych liniich BPH-1 (benigni hyperplazie prostaty), pfi¢emz bylo
prokazano, Ze xanthohumol pfi koncentraci 20 uM zpuUsobil pokles
aktivity NF-kB 0 42% (Colgate et al., 2007; Dorn et al., 2010; Paoletti
et al., 2009).

V nékolika studiich bylo prokazano, ze prenylflavonoidy (xantho-
humol a isoxanthohumol) mohou inhibovat tvorbu oxidu dusnatého
a to pfimou inhibici syntazy oxidu dusnatého (iNOS) (Gerhauser,
2009). Na druhé strané bylo zjisténo, ze 8-prenylnaringenin induku-
je genovou expresi iINOS, a tim i produkci oxidu dusnatého znaéné
zvySuje (Paoletti et al., 2009). Flavonoidy s vétsim poctem hydroxy-
lovych skupin jsou pouze slabé aktivni, ale metylace nebo acetylace
hydroxylové skupiny jejich aktivitu zvySuje (Mladenka et al., 2010).
3.3 Antioxida¢ni ucinky

Béhem normalniho aerobniho metabolismu bézné vznikaji re-
aktivni formy kysliku (ROS — Reactive Oxygen Species), jako jsou
hydroxylové, superoxidové, hydroperoxidové radikaly, ale i singleto-
vy kyslik nebo peroxidové anionty, zplsobujici oxidativni po$kozeni
DNA, proteint a lipid( v burikach (Cooke et al., 2003; Pietta, 2000;
Ross a Kasum, 2002; Salvi et al., 2001). Prenylflavonoidy, které jsou
uginnymi antioxidanty, mohou tomuto poSkozeni u¢inné branit. Me-
chanismy ucinku prenylflavonoidd Ize rozdélit do tfi hlavnich skupin
(Mladenka et al., 2010; Pietta, 2000).

 Pohlcovani volnych reaktivnich forem kyslikovych radikalt

¢ Inhibice oxidacné-redukénich enzymi (schopnost inhibovat aktivitu
lipoxygenas, xanthinoxidas a NADPH oxidasy)

 Chelatace dvojmocnych kationtd kovd (dvojmocné kationty indukuji
enzymy, které se podileji na tvorbé ROS).

Antioxida¢ni aktivita flavonoidl je uréovana jejich chemickou
strukturou, zejména hydroxylaci aromatickych kruht. Bylo prokaza-
no, ze rozhodujici roli hraji hydroxylové skupiny na ,,C3“ a ,,C4“ pozi-
cich na flavanovém skeletu (Lien et al., 1999). Nejvy$si antioxidaéni
kapacitu vykazuji xanthohumol a desmethylxanthohumol, zejména
xanthohumol dosahoval v testech antioxidacni kapacity (ORAC
— Oxygen Radical Absorbance Capacity; SOAC — Singlet Oxygen
Radical Absorbance Capacity; FRAP — Ferric Reducting Antioxidant
Potential; SOD — Superoxide Dismutase Assay) nejvysSich hodnot
(Bartmanska et al., 2013). Bylo experimentalné potvrzeno, Ze xan-
thohumol jiz pfi koncentraci 1 uM je vyznamné ucinngjsi v absorpci
hydroxylovych (8,9 — ndsobné) a peroxylovych (2,9 — nasobné) ra-

(Monteiro et al., 2008),in colon cancer (Pan et al., 2005), in prostate
tumour (Deeb et al., 2010; Delmulle et al., 2006) and in liver tumours
(Dorn et al., 2010).

3.2 Anti-inflammatory effects

An estimated 18 % of all cancer diseases involve chronic inflam-
mation (Gerhauser, 2009) caused by excessive production of tissue
activators, particularly of prostaglandins and nitric oxide. It was dem-
onstrated that prenylflavonoids inhibit the key enzymes necessary for
their biosynthesis (Gerhauser et al., 2002). The intermediate product
of the prostaglandin biosynthesis is arachidonic acid. Therefore, the
regulation of its production could have an impact on the development
and progress of an inflammation (Ferrandiz and Alcaraz, 1991). Most
flavonoids are effective inhibitors of the transformation of arachidonic
acid to prostaglandins due to inhibition of the gene expression of cy-
clooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2) enzymes
(Gerhauser, 2005a). On the other hand, isoxanthohumol did not
show the same potential under the same conditions (Gerhauser et
al., 2002). 8-prenylnaringenin only inhibited COX-2 enzyme causing
an in vitro moderation of inflammation in murine macrophages (RAW
264.7) (Paoletti et al., 2009).

A protein complex that controls the transcription of DNA — the
nuclear factor kappa—light-chain-enhancer of activated B-cells (NF-
kB) plays a key role in regulating the expression of protein-encoding
genes involved in the inhibition of inflammation. The NF-«kB supports
the gene transcription of cyclooxygenase enzymes, particularly those
of an inducible form of COX-2 enzyme (Araujo et al., 2011; Ramos,
2008). The in vitro tests demonstrated that xanthohumol and other
prenylflavonoids (e. g. 8-prenylnaringenin) strongly reduces the ac-
tivity of NF-kB. Colgate et al. examined the influence of xanthohumol
on the inhibition of NF-kB in cell lines BPH-1 (benign prostatic hyper-
plasia). It was proven that xanthohumol in a concentration of 20 uM
decreased the activity of NF-kB by 42% (Colgate et al., 2007; Dorn
et al., 2010; Paoletti et al., 2009).

Several other studies confirmed that the prenylflavonoids (xantho-
humol and isoxanthohumol) could prevent the formation of nitric ox-
ide by a direct inhibition of nitric oxide synthase (INOS) (Gerhauser,
2009). On the other hand, it was presented that 8-prenylnaringenin
induces a gene expression of iNOS and thereby enhancing consid-
erably its production (Paoletti et al., 2009). Flavonoids with a higher
number of hydroxyl groups are only mildly active, however, meth-
ylation or acetylation of their hydroxyl group increases their activity
(Mladenka et al., 2010).

3.3 Antioxidation effects

The reactive forms of oxygen — Reactive Oxygen Species (ROS)
such as hydroxyl, superoxide and hydroperoxyl radicals, and singlet
oxygen and peroxide anions develop routinely in the course of regu-
lar aerobic metabolism. They trigger oxidative cell damage to DNA,
proteins and lipids (Cooke et al., 2003; Pietta, 2000; Ross and Ka-
sum, 2002; Salvi et al., 2001). Prenylflavonoids as powerful antioxi-
dants could effectively prevent this damage. The mechanism of the
antioxidant activity of prenylflavonoids can be divided into three main
groups (Mladenka et al., 2010; Pietta, 2000).

* Absorbance of free reactive forms of oxygen radicals

¢ Inhibition of oxidation-reduction enzymes (ability to inhibit the activi-
ty of lipoxygenase, xanthinoxidase and NADPH-oxidase)

* Chelation of divalent metal cations (divalent cations induce enzy-
mes involved in the formation of ROS).

The antioxidative activity of flavonoids is determined by their chem-
ical structure, particularly by hydroxylation of the aromatic rings. It
was proven that the hydroxyl groups in the C3 and C4 positions on
the flavan skeleton are critical (Lien et al., 1999). The xanthohumol
and desmethylxanthohumol have the highest antioxidative capacity.
In particular, xanthohumol showed the best values in antioxidative
capacity tests ORAC (Oxygen Radical Absorbance Capacity), SOAC
(Singlet Oxygen Absorbance Capacity), FRAP (Ferric Reducting An-
tioxidant Potential) and SOD (Superoxide Dismutase Assay) (Bart-
manska et al., 2013). The experiments confirmed that xanthohumol
is considerably more effective in absorbance of hydroxyl radicals (8.9
folds) and peroxide radicals (2.9 folds) than the reference antioxidant
E - TROLOX (a vitamin E derivate), even at a concentration of 1
pM. Xanthohumol is also capable of absorbing superoxide radicals
(Gerhauser et al., 2002). A number of enzymes, particularly NADPH
oxidase, xanthinoxidase and lipoxygenase are involved in the pro-
duction of ROS (Mladenka et al., 2010). The prenylflavonoids, espe-
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dikald nez referencni antioxidant (derivat vitaminu E — TROLOX).
Spole€né s tim byla prokazana schopnost xanthohumolu absorbovat
superoxidové radikaly (Gerhauser et al., 2002). Na produkci ROS se
podili celd fada enzymd, zvlasté pak NADPH oxidasa, xanthinoxida-
sya Iipoxygenasy (Mladenka et al., 201 0) apro prenylflavonoidy byla
prenylflavonoidy nasycené (Steffen et al., 2008)

Bivalentni kationty (napf. Cu?¥) indukujl’ pfeménu polynenasyce-
nych mastnych kyselin v lipoproteinech na konjugované dieny a hyd-
roperoxidy (Miranda et al., 2000b). Pfeména polynenasycenych
mastnych kyselin je podminéna pfitomnosti lipoxygenas, enzym
zodpovédnych za dioxygenaci lipidd a flavonoidy inhibuji lipoxyge-
nasy prostrednictvim redukce Zeleza nebo jeho chelataci (Mladenka
etal.,, 2010). Aktivita je silné zavisla na hodnoté pH (Mladenka et al.,
2010). Kromé toho xanthohumol a v mensi mife i isoxanthohumol
a 8-prenylnaringenin, snizuji miru peroxidace lipidd definovanou &is-
lem kyseliny thiobarbiturové (TBARS-test) a stejné tak inhibuji oxida-
ci tryptofanovych aminokyselin (Miranda et al., 2000b).

3.4 Estrogenni a antiosteoporotické ucinky

Strukturalni podobnost prenylflavonoidl a estrogenli poskytuje pre-
nylflavonoidiim schopnost pusobit jako jejich agonisté nebo antago-
nisté (Chadwick et al., 2006). Jednim z nejucinnéjSich doposud identi-
fikovanych fytoestrogent je 8-prenylnaringenin, jemuz byla ve studiich
in vitro prokédzana schopnost napodobovat jeden z hlavnich zenskych
hormon0 17-B-estradiol (Chadwick et al., 2006). Minimalni koncent-
race potfebna k dosazeni 50% maxima estrogenniho Ucinku (ECs,)
byla pro 8-prenylnaringenin 4,4 uM, zatim co pro 17-B-estradiol byla
hodnota EC,, stanovena na 0,82 pM (Milligan et al., 2002).

Estrogenni vlastnosti flavonoidd maji dvoji vysvétleni. Prvnim
z nich je schopnost specificky se vazat na estrogenni receptory,
které existuji ve dvou podtypech ER, a ER; (Milligan et al., 2002).
8-Prenylnaringenin vykazuje pfiblizné dvakrat vétsi schopnost vazby
na ER, nez na ER;, celkové je ovsem 8-prenylnaringenin asi 70krat
méné Ucinny nez 17-B-estradiol (Schaefer et al., 2003). | tak je v8ak
8-prenylnaringenin nejsilnéj8im doposud znamym fytoestrogenem.
Naproti tomu xanthohumol nevykazoval afinitu ani k jednomu z re-
ceptord ER (Milligan et al., 2002).

Druhym vysvétlenim estrogennich u¢inki je schopnost flavonoidd
pusobit jako efektory nékterych enzymd. Flavonoidy mohou inhi-
bovat aktivitu aromatas, enzymda, které reguluji hladinu estradiolu
a dal$ich estrogent v krvi, prostfednictvim jejich tvorby z androgend
na estrogeny (Monteiro et al., 2007). Monteiro a kol. (2007) proka-
zali, ze v8echny jimi testované prenylflavonoidy (8-prenylnaringenin,
xanthohumol a isoxanthohumol) inhibuji aktivitu aromatasy, inhibi¢ni
koncentrace (IC50) byly pro latky v daném poradi zjistény na drovni
0,08 pM; 3,2 pM a 25,4 pM. Inhibice aromatas miize mit pozitivni
efekt vzhledem k rozvoji rakoviny prsu, jehoz pocatek je spojovan
s abnormalné vysokymi hladinami aromatas v tkani (Monteiro et al.,
2007; van Duursen et al., 2013). Kromé toho 8-prenylnaringenin sti-
muluje tvorbu alkalické fosfatasy v burikach endometrialniho karci-
nomu, coz vede k potlaceni nezadouci bunééné proliferace (Effen-
berger a Westendorf, 2009).

Dal§i vyznamnou schopnosti prenylflavonoid(i snizovat dopady
onemocnéni osteopordzou, které je spojovano s progresivnim pokle-
sem hustoty kostni hmoty, pfi¢emz hlavni pfi¢inou tohoto onemoc-
néni je nerovnovaha mezi tvorbou kostnich bunék a jejich resorpci,
ohrozeny jsou predevSim zeny po menopauze (Ming et al., 2012).
Predpoklada se, Ze pfijem flavonoidl s estrogennim potencialem po-
zitivné puUsobi pfi prevenci osteoporézy a ochrané zdravého stavu
kosti, ale i pfi post-menopauzalnim Ubytku kostni hmoty. Mechani-
smus pusobeni prenylflavonoidd stale jesté neni zcela znam. Pred-
poklada se, Zze prenylflavonoidy mohou ovliviiovat genovou expresi
kostnich bunék — zvySovat expresi osteoblastt (buriky zodpoveédné
za tvorbu kosti) a potlacovat expresi osteoklastd (kostni buriky ucast-
nici se resorpce kostni tkané). Bylo prokazano, Ze 8-prenylnaringe-
nin jiz v koncentraci 1 uM vyrazné zvysuje diferenciaci osteoblastd,
a tim i mineralizaci dfené potkanich kostnich bunék in vitro (Ming
et al., 2012). Jeong a kol. (2011) zkoumali schopnost xanthohumolu
zvySovat expresi a transkripci hlavniho genu (RUNX2) osteoblastické
diferenciace (Jeong et al., 2011). Suh a kol. (2013) prokazali schop-
nost xanthohumolu k potlaceni aktivatoru NF-kB, ktery mimo jiné také
hraje hlavni roli v osteoklastogenezi (Suh et al., 2013). Humpel a kol.
(2005) testovali in vivo vliv 8-prenylnaringeninu na schopnost branit
ztraté hustoty kostni hmoty po odebrani vaje¢nikd krysim samic¢kam
a ukazuije se, Ze 8-prenylnaringenin plsobi proti ztraté kostni hmoty,
pomaha proti Ubytku hmotnosti tkané vaginy a pusobi proti nezadou-
cim zménam vaginalni sliznice (Humpel et al., 2005).

cially the saturated ones, are able to inhibit these enzymes (Steffen
et al., 2008).

Divalent cations, such as Cu?* induce the conversion of polyun-
saturated fatty acids to conjugated dienes and hydroperoxides (Mi-
randa et al., 2000b). The transformation of polyunsaturated fatty
acids is only possible in the presence of lipoxygenases, which are
responsible for the dioxygenation of lipids. Flavonoids inhibit lipoxy-
genases due to reduction of iron or due to its chelation (Mladenka
et al., 2010). The activity strongly depends on the pH value (Mlad-
enka et al., 2010). Furthermore, the xanthohumol and in lesser ex-
tent isoxanthohumol and 8-prenylnaringenin reduce the peroxida-
tion of lipids defined by number thiobarbituric acid (TBARS-Assay).
They also inhibit the oxidation of tryptophan amino acids (Miranda
et al., 2000b).

3.4 Oestrogenic and antiosteoporotic effects

Prenylflavonoids and oestrogens have similar molecular struc-
tures. Therefore, they have a potential to act as agonists or antago-
nists (Chadwick et al., 2006). One of the currently most efficient iden-
tified phytooestrogens is 8-prenylnaringenin. It is able to substitute in
in situ studies one of the most important female hormones — 17-3-es-
tradiol (Chadwick et al., 2006). The lowest concentration needed to
achieve the half-maximal oestrogenic effect — the EC,, value — was
4.4 uM for 8-prenylnaringenin, whereas the EC;, value for 17-3-es-
tradiol was found to be 0.82 pM (Milligan et al., 2002).

There are two possible explanations for the oestrogenic properties
of flavonoids. Firstly, they are able to bind specifically to oestrogen
receptors ER, and ER; (Milligan et al., 2002). 8-prenylnaringenin has
about twice as strong affinity to ER, as to ER;. However, totally is
8-prenylnaringenin about 70-times less effective than 17-B-estradiol
(Schaefer et al., 2003). Even so, 8-prenylnaringenin is the most ef-
ficient of currently known phytooestrogens. The xanthohumol did not
demonstrate any affinity either to ER, or to ER; (Milligan et al., 2002).
Secondly, the flavonoids are able to act as effectors of particular en-
zymes. Flavonoids can inhibit the activity of aromatase — the enzyme
regulating the level of estradiols and other oestrogens in the blood
by means of their formation from androgens (Monteiro et al., 2007).
Monteiro et al. (2007) demonstrated that all tested prenylflavonoids
(8-prenylnaringenin, xanthohumol and isoxanthohumol) inhibit the
activity of aromatase. The half-maximal inhibitory concentrations
(ICs,) were as follow: IC5, = 0.08 pM for 8-prenylnaringenin, 1C;, =
3.2 pM for xanthohumol and IC50 = 25.4 uM for isoxanthohumol. The
inhibition of aromatase could have a positive effect in breast cancer
progression as the promotion of breast cancer is usually coupled
with an extraordinary high level of aromatase in the tissue (Monteiro
et al., 2007; van Duursen et al., 2013). Furthermore, the 8-prenylnar-
ingenin stimulates the production of alkaline phosphatase in cells of
endometrial carcinoma, which leads to the suppression of cell prolif-
eration (Effenberger and Westendorf, 2009).

The other important ability of prenylflavonoids is to diminish the
impact of osteoporosis — the progressive reduction of bone mass
density. The main reason for osteoporosis is the imbalance be-
tween the production and resorption in bone tissue. Women after
menopause are at the highest risk (Ming et al., 2012). Presum-
ably, the intake of flavonoids with oestrogen potential acts not only
as a prevention of osteoporosis and protection of healthy bones
but also during a postmenopausal decrease in bone mass den-
sity. The function of flavonoids is not fully understood yet. Appar-
ently, prenylflavonoids could influence a gene expression of bone
cells. That means, they increase the expression of osteoblasts,
which are responsible for the process of bone formation and sup-
press the expression of osteoclasts, which are responsible for the
process of bone resorption. It was shown that 8-prenylnaringenin
increases significantly the differentiation of osteoblasts already at
a concentration of 1 pM and thereby the in vitro mineralisation
of bone tissue in rats (Ming et al., 2012). Jeong et al. (2011) ex-
amined the ability of xanthohumol to enhance the expression and
transcription of the main gene RUNX2, in the differentiation of os-
teoblasts (Jeong et al., 2011). Suh et al. (2013) demonstrated the
ability of xanthohumol to inhibit the activator NF-kB, which plays
among other things a main role in the genesis of osteoclasts (Suh
et al., 2013). Humpel et al. (2005) tested the in vivo potential of
8-prenylnaringenin to prevent the loss of bone tissue density in
female rats after removal of the ovaries. It seems that 8-prenylnar-
ingenin successfully prevents the loss of bone tissue, defeats the
decrease of vaginal tissue density and works against unwanted
changes in the vaginal mucous membrane (Humpel et al., 2005).
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3.5 Antimikrobialni a antivirové ucinky

Flavonoidy maji Sirokou antimikrobidlni aktivitu, byl potvrzen anti-
bioticky U€inek xanthohumolu proti mnoha bakteriim, virdm, plisnim
a prvokiim (Gerhauser, 2005b). Bylo zjisténo, Zze xanthohumol inhi-
buje rGst grampozitivnich bakterii Staphylococcus aureus a Strep-
tococcus mutans. Staphylococcus aureus je zodpovédny za vznik
koznich zanétl a je schopen vyvolavat sepsi, dale muze zpusobit
syndrom toxického Soku a zapfi€init vznik nekrotizujici pneumonie
(Gerhauser, 2005b). Bakterie Streptococcus mutants je mimo jiné
soucasti plaku na povrchu zubu a hraje vyznamnou roli pfi vzniku
a rozvoji zubniho kazu (Gerhauser, 2005b). V ramci dalsi studie bylo
prokazano, ze xanthohumol vykazuje antibioticky vliv proti nékterym
gramnegativnim bakteriim v kombinaci s antibiotiky polymyxinem,
ciprofloxacinem a tobramycinem (Natarajan et al., 2008).

Prenylflavonoidy uc¢inné potlacuji také replikaci houby rodu Tricho-
phyton spp., zpUsobujici plisfiové onemocnéni klze. Nejsilnéjsi an-
tifungalni ucinky byly zjistény u xanthohumolu a 6-prenylnaringeninu
(Gerhauser, 2005b). Xanthohumol kromé toho inhiboval replikaci
prvoka Plasmodium falciparum, ktery zapficinuje vznik malarického
onemocnéni (Gerhauser, 2005b).

Antivirové uc¢inky prenylflavonoidd byly objeveny v roce 1940
(Buckwold et al., 2004; Selway, 1986). Antivirova aktivita xantho-
humolu v kombinaci s interferonem a-2b byla prokdzana proti viru
infekéniho prdjmového onemocnéni skotu (Bovine Virus Diarrhoea
— BVD E2), které vykazuje znaénou podobnost s virem lidské he-
patitidy C, dale pak proti virlim pasového oparu (Herpes Simplex
Virus — HSV 1 a HSV 2), cytomegaloviru (CMV) a rhinoviru (RHINO),
(Buckwold et al., 2004; Zhang et al., 2010). U virl BVDV E2, HSV1
a HSV2 byly hodnoty antivirové aktivity xanthohumolu vySSi nez
u isoxanthohumolu, u vird RHINO a CMV tomu bylo naopak (Buck-
wold et al., 2004).

Takeé vyzkum a vyvoj pouzitelnosti prenylflavonoidu jako antivirotik
pfi boji s HIV (Human Immunodeficiency Virus) zaznamenal velky
posun. Wang a kol. (2004) uspésné zkoumali aktivitu xanthohumolu
na schopnost potlacit reverzni transkriptazu viru HIV-1, a tim potla-
Covat jeho replikaci in vitro (Wang et al., 2004).

3.6 Uginky souvisejici s civilizaénimi chorobami

Civiliza¢ni choroby, jako dusledek moderniho zivotniho stylu, dnes
bézné postihuji znaénou ¢ast populace, zejména ve vyspélych ze-
mich. Studie zaméfena na populaéni choroby doklada, ze flavonoidy
snizuji pravdépodobnost vzniku kardiovaskularnich nemoci (Hertog
et al., 1993) a epidemiologicka studie, v ramci které byl testovan vliv
flavonoidl in vitro na zvifatech, prokazala, ze tyto latky maji pfizni-
vy vliv na potlaceni projev( aterosklerézy, zejména pak na oxidaci
lipoproteinu, agregaci krevnich destiCek a na vaskularni reaktivitu
(Mladenka et al., 2010). Kardioprotektivni G¢inek flavonoidud Ize pfi-
polipidemickym vlastnostem a vyssi pfijem flavonoidd predstavuje
kliGovou roli pfi snizeni rizika vzniku kardiovaskularnich chorob (Ve-
layutham et al., 2008).

Antidiabeticka aktivita prenylflavonoidd je zapfi¢inéna inhibi-
ci aktivity a-glukosidasy (Liu et al., 2014), enzymu ktery fidi po-
stprandialni (objevujici se po jidle) hladinu glukosy v krvi, ¢imz
brani nadmérné absorpci glukosy v tenkém stfevu, a tim zmirfiuje
hyperglykemii. Prenylflavonoidy tak maji potencial pfi 1é€bé diabe-
tes mellitus 2. typu (Havsteen, 2002). Liu a kol. (2014) zkoumali
mechanismy inhibi¢nich u¢inkd xanthohumolu na a-glukosidasu
a pfedpoklada se, ze mechanismus inhibice se sklada z vazby xan-
thohumolu na enzym a indukci zmény v jeho konformaci, navic na-
vazani xanthohumolu na enzym vyrazné snizuje jeho hydrofobicitu
(Liu et al., 2014). Rozvoj diabetu 2. typu je spojen také s dalS§im
enzymem (aldolasova reduktasa), ktery snizuje hladinu D-glukosy
pfeménou na D-sorbitol. Aldolasové reduktasa je kliCovym enzy-
mem v metabolické draze polyoll (sorbitol-aldolasové reduktasy)
a hraje dulezitou roli v rozvoji degenerativni komplikace pfi diabetu,
zejména v poskozeni cév na sitnici, ledvin a nervu a jiz byla proka-
zana schopnost prenylflavonoidi na indukci aktivity tohoto enzymu
(Liu et al., 2014).

Legette a kol. (2013) zkoumali U¢inek peroralniho podavani xan-
thohumolu na biomarkery metabolického syndromu, coz je soubor
rizikovych faktorll spojovanych s obezitou, v€etné aterogenni dysli-
pidémie, inzulinové rezistence, poruchy glukosové tolerance, hyper-
tenze, pro-zanétlivych a pro-trombotickych stavi u obéznich samcu
potkanu. Bylo prokazano, ze podavani xanthohumolu v koncentraci
16,9 uM/kg télesné hmotnosti mélo pozitivni vliv na metabolismus
glukosy a potlaéeni vétSiny negativnich projevu spojenych s obezi-
tou (Legette et al., 2014; Legette et al., 2013).

3.5 Antimicrobial and antiviral effects

Flavonoids have a wide antimicrobial activity. Gerhauser (2005b)
confirmed the antibiotic effect of xanthohumol against many bacteria,
viruses, moulds and protozoa (Gerhauser, 2005b). Further, it was
found that xanthohumol inhibits the growth of Gram-positive bacteria
Staphylococcus aureus and Streptococcus mutans. Staphylococ-
cus aureus can inflict skin inflammation, is able to evoke a sepsis
and can cause toxic trauma syndrome and necrotising pneumonia
(Gerhauser, 2005b). Streptococcus mutans is a component of dental
plaque and plays an important role in the creation and development
of caries (Gerhauser, 2005b). Another study confirmed that xantho-
humol is effective against some Gram-negative bacteria in combina-
tion with antibiotics such as polymyxine, ciprofloxacin and tobramy-
cin (Natarajan et al., 2008).

Prenylflavonoids inhibit successfully the replication of the fungus
Trichophyton spp., which cause skin mycoses. Xanthohumol and 6-pre-
nylnaringenin have the most effective antifungal impact (Gerhauser,
2005b). Xanthohumol also inhibited a replication of the protozoa Plas-
modium falciparum, which causes malaria (Gerhauser, 2005b).

The antiviral effects of prenylflavonoids were discovered in 1940
(Buckwold et al., 2004; Selway, 1986). The antiviral activity of xan-
thohumol in conjunction with interferon a-2b against the Bovine Virus
Diarrhoea (BVD E2), which causes infectious diarrhoea in cattle, was
demonstrated. This virus has a considerable similarity to a virus of
human hepatitis. Additionally, xanthohumol works against the shin-
gles virus (Herpes Simplex Virus —HSV 1 and HSV 2), cytomegalovi-
rus (CMV) and rhinovirus (RHINO) (Buckwold et al., 2004; Zhang et
al., 2010). The antiviral activity values for BVDV E2, HSV1 and HSV2
viruses were higher for xanthohumol than for isoxanthohumol; for
RHINO and CMV viruses the succession was reversed (Buckwold
et al., 2004)

The use of prenylflavonoids as an antiviral drug in the fight against
HIV (Human Immunodeficiency Virus) has also made huge progress.
Wang et al. (2004) tested successfully the in vitro ability to suppress
the reverse transcriptase of HIV-1 virus. This holds back its replica-
tion (Wang et al., 2004).

3.6 Effects related to civilization diseases

Civilization diseases are the consequences of a modern life style.
Currently, they affect a large part of the population, particularly in
developed countries. The study dealing with lifestyle diseases shows
that flavonoids reduce the incidence of cardio-vascular diseases
(Hertog et al., 1993). The in vitro effects of flavonoids in the epidemi-
ologic study on animals demonstrated their favourable influence on
reducing the symptoms of atherosclerosis. Furthermore, they reduce
the oxidation of lipoproteins, the aggregation of thrombocytes and
the vascular reactivity (Mladenka et al., 2010). The cardio-protective
effects of flavonoids can be attributed to their antioxidative, anti-
thrombotic, anti-inflammatory and hypolipidemic properties. There-
fore, a higher intake of flavonoids could play a key role in reducing
the risk of cardio-vascular diseases (Velayutham et al., 2008).

Prenylflavonoids also have a potential to mend the Type 2 Diabe-
tes mellitus (Havsteen, 2002). The anti-diabetic activity of prenylfla-
vonoids is based on the inhibition of a-glucosidase activity (Liu et al.,
2014). This enzyme controls the postprandial glucose level in blood
and restrains an excess of glucose absorption in the small intestine,
which results in a reduction of hyperglycemy. Liu et al. (2014) ex-
amined the pathway of inhibitory effects of xanthohumol on a-glu-
cosidase. Presumably, the xanthohumol binds to the enzyme and
induce a change in its conformation. The bonding of xanthohumol on
a-glucosidase also reduces significantly its hydrophobicity (Liu et al.,
2014). In addition, the progress of Type 2 diabetes depends on the
aldose-reductase enzyme, which decreases the level of D-glucose
by its transformation to D-sorbitol. Aldose-reductase is a key enzyme
in the metabolic pathway of polyols (the sorbitol-aldolase-reductase
pathway). It plays an important role in degenerative complications in
diabetes, such as damage of the retinal blood vessels, the kidneys
and the nervous system. Prenylflavonoids are capable of inducing
the activity of the aldose-reductase enzyme (Liu et al., 2014).

Legette et al. (2013) studied the effect of a peroral administration
of xanthohumol on a biomarker of metabolic syndrome (a summary
of risk factors linked to obesity including an atherogenic dyslipidem-
ia, an insulin resistance, a malfunction of glucose tolerance, hyper-
tension, pro-inflammatory and pro-thrombotic conditions) in obese
rats. It was proven that an intake of xanthohumol at a concentration
of 16.9 uM/kg body weight influences positively the glucose metabo-
lism and suppresses most of the negative manifestations of obesity
(Legette et al., 2014; Legette et al., 2013).
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3.7 Ostatni prokazané pozitivni u¢inky

Kromé popsanych biologickych aktivit, vykazuji prenylflavonoidy
dal$i pozitivni zdravotni G¢inky, napfiklad antialergické (Makino et
al., 2013), antikoagula¢ni a antiagregacni (Guerrero et al., 2005),
ovliviuji anticholinesterasovou aktivitu, ¢ehoz se vyuziva pfi tera-
peutické 1é¢bé Alzheimerovy choroby (Ding et al., 2013) a byly jim
jiz prokazany i dalsi neuroprotektivni aktivity in vitro (Oberbauer et
al., 2013). Kromé toho pak prenylflavonoidy ovliviuji jaterni expresi
gend, které Fidi tvorbu, metabolismus a distribuci hormonu &titné ZIa-
zy (Radovic et al., 2010), dale pak plsobi proti svalové atrofii (Mukai
et al,, 2012).

Nékteré prenylflavonoidy (xanthohumol, isoxanthohumol a 8-pre-
nylnaringenin) maji také potencial pro pouziti pfi [éEbé koznich cho-
rob, v&etné atopického ekzému, kontaktni dermatitidy, nebo pfi pig-
mentovych poruchach (Chen et al., 2014).

3.8 Toxicita

Kromé pozitivnich G¢inki chmelovych prenylflavonoidl je pro je-
jich vyuziti v humanni mediciné nezbytné vénovat pozornost i poten-
cialni toxicité. Xanthohumol je velmi zajimava latka s protinadorovy-
mi Ucinky, proto je velmi dllezité, aby vedle téchto ucinkd, mél i velmi
nizkou toxicitu vic¢i normalnim bunkam (Dorn et al., 2010; Hudcova
et al., 2014). In vitro bylo zji§téno, Ze koncentrace do 100 uM nemaiji
zadné negativni u€inky na zdravé lidské hepatocyty a inhibi¢ni kon-
centrace (ICy,) rustu nadorovych bunék je o 1 az 2 fady nizsi nez
u normalnich zdravych bunék (Dorn et al., 2010). Hussong a kol.
2008 sledovali vliv pfidavku xanthohumolu (0,5%) do stravy na plod-
nost potkand po dobu 28 dni, pomoci Zzalude¢ni sondy. Bylo zjisté-
no, ze davka 100 mg/kg neméla zadné negativni Gc¢inky, ovSem jiz
pfi koncentraci 1000 mg/kg se projevili slabé hepatotoxické uginky
amirné ovlivnéni vyvoje prsnich zlaz sami¢ek (Hussong et al., 2005).

V posledni dobé byl kladen ddraz na studium toxicity 8-prenyl-
naringeninu, ktery je jiz souéasti potravinovych dopliikd dostup-
nych na trhu. V nedavné dobé byly provedeny klinické studie u zen
po menopauze s cilem vyhodnotit bezpeénost chmelového extraktu
obohaceného o xanthohumol a 8-prenylnaringenin (van Breemen et
al., 2014). Vysledky testl toxicity byly velmi slibné, jelikoz nebyla
zjiSténa zadna akutni toxicita a ani zadné negativni u¢inky na tvorbu
pohlavnich hormont nebo na srazlivost krve (van Breemen et al.,
2014). Milligan a kol. (2002) uvadéji negativni dopady 8-prenylnarin-
genininu in vivo na funkci délohy a ovlivnéni vyvoje vaginalni mitézy
u mySi pfi davce 15,9 mg/kg, kterd ovSem vyrazné prekrauje béz-
né davky pfi aplikaci potravinovych doplrku, kde se davka pohybuje
okolo 100 pg/g jedné pilulky podané jednou denné (Milligan et al.,
2002). Bez ohledu na pocet studii in vitro (Effenberger a Westendorf,
2009; Tokalov et al., 2004), in vivo a jiz provedenych klinickych studii
(van Breemen et al., 2014), jsou tedy zapotfebi dalsi epidemiologic-
ké a klinické studie 8-prenylnaringeninu pro zjisténi vSech zdravot-
nich U¢inkd a zejména toxicity, ktera prozatim neni plné objasnéna.
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3.7 Other positive effects confirmed

Besides the biologic activities described above, prenylflavonoids
have further positive health effects such as their anti-allergic (Makino
et al.,, 2013), anti-coagulative and anti-aggregation properties (Guer-
rero et al., 2005). They also influence the activity of the anticholinest-
erase enzyme, which can be applied in a therapeutic treatment of
Alzheimer disease (Ding et al., 2013). Prenylflavonoids also have
neuroprotective activities in vitro (Oberbauer et al., 2013) and they
influence a gene expression in liver that controls the production, me-
tabolism and distribution of thyroid hormones (Radovic et al., 2010).
They can also be used against muscle atrophy (Mukai et al., 2012).
Additionally, some flavonoids such as xanthohumol, isoxanthohumol
and 8-prenylnaringinin have potential in the treatment of skin dis-
eases, including atopic eczema and contact dermatitis or in pigment
defects (Chen et al., 2014).

3.8 Toxicity

Apart from the positive effects of hop prenylflavonoids when used
in human medicine, it is also necessary to pay attention to their po-
tential toxicity. Xanthohumol is an interesting substance with anti-
tumour activity. Nevertheless, it is very important to know about the
toxicity against the normal cells (Dorn et al., 2010; Hudcova et al.,
2014). It was found that concentrations up to 100 uM in vitro have
any negative effects on healthy human hepatocytes and the inhibi-
tion concentration IC;, for the growth of tumour cells was by 1 to 2
order of magnitude lower than for normal healthy cells (Dorn et al.,
2010). Hussong et al. (2008) followed the influence of food supple-
ments of xanthohumol on rat fertility by means of a stomach probe
over 28 days and it was 0.5%. It was demonstrated that an amount of
up to 100 mg/kg body weight did not have any negative impact, how-
ever, mild hepatotoxic effects and slight changes in the development
of mammary glands in females was proven already at a concentra-
tion of 1000 mg/kg body weight (Hussong et al., 2005).

Currently, the studies about the toxicity of 8-prenylnaringinin are
emphasized because 8-prenylnaringinin is already available on the
market as a part of nutrition supplements. Recently, several clinical
studies in women were carried out in order to evaluate the safety of
hop extracts enriched with xanthohumol and 8-prenylnaringinin (van
Breemen et al., 2014).

The results of the toxicity tests were very promising as no acute
toxicity, no negative effects on the production of sexual hormones
and no blood clotting was discovered (van Breemen et al., 2014).
Milligan et al. (2002) observed in vitro, a negative impact of 8-pre-
nylnaringinin at a concentration of 15.9 mg/kg body weight on the
uterus function and its affection of development the mitosis of vagi-
nal cells in rats. Nevertheless, this dosage is much higher than the
usual concentration in food supplements, which is about 100 pg/g
per tablet taken once a day (Milligan et al., 2002). Regardless of the
number of in vitro and in vivo studies (Effenberger a Westendorf,
2009; Tokalov et al., 2004) and clinical studies already carried out
(van Breemen et al., 2014), further epidemiologic and clinical studies
are necessary to evaluate all the health impacts and in particular the
not yet fully clarified toxicity of 8-prenylnaringinin.
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