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1 Souhrn

Habilitacni prace shrnuje vysledky klinickych studii se silymarinem, komplexnim
extraktem ze semen Silybum marianum (ostropestiece marianského), a plodem
Vaccinium macrocarpon (klikvy velkoplodé) realizovanych na Urologické klinice FN
v Olomouci. K nejcastéjsim urologickym onemocnénim u muzi patii benigni
hyperplazie prostaty (BHP), obvykle spojend se symptomy dolnich mocovych cest
(LUTS, Lower Urinary Tract Symptoms), a chronickd nebakteridlni prostatitida.
U zen se pak jedna o infekce dolnich mocovych cest (IMC), které jsou druhou nejcastéji
se vyskytujici bakterialni infekci a béhem Zzivota se na toto onemocnéni 1é¢i vice nez
polovina Zenské populace. Ke sniZeni rizika vzniku téchto onemocnéni jsou casto,
zejména star§imi vékovymi skupinami, uzivany i pfirodni latky jako napf. biomineraly,
vitaminy a sekundarni metabolity rostlin (fytoceutika) ve formé doplnkl stravy.
Pleiotropni u¢inky komplexnich smési pfirodnich latek na lidsky organismus vedou
k odlisnému pohledu na jejich aplikaci ve srovnani s individudlnimi latkami. Standardni
lécba téchto onemocnéni ma Siroké moznosti, ale miize mit také nezadouci uc€inky.

V praci jsou uvedeny vysledky tifi klinickych zkousek (KZ) skombinaci
silymarinu (extrakt flavonolignani ze semen S. marianum) se selenem nebo
L-argininem a ¢tyf randomizovanych KZ scelym plodem V. macrocarpon
na pacientech s historii urologického onemocnéni. Cilem téchto studii bylo ovéfit, jaké
jsou ucinky, bezpecnost a vliv na kvalitu zivota pti dlouhodobém uzivani silymarinu
v kombinaci se selenem/L-argininem nebo celého plodu V. macrocarpon na klinicky
sledovany lidsky subjekt.

V pilotni studii méla kombinace silymarinu a selenu u dosud neléCenych muzi
s prostatickym specifickym antigenem (PSA) < 2.5 ng/ml vliv na sniZeni hladiny PSA,
zlepSeni urodynamickych parametri a skore IPSS (studie 1). V placebem kontrolované
studii byl prokdzan vliv kombinace silymarinu a selenu na celkovy zdravotni stav muzi
dva mésice po radikalni prostatektomii. Doslo ke zlepSeni kvality Zivota, metabolismu
lipidi a byla normalizovana hladina selenu. Uginek na PSA prokazan nebyl,
pravdépodobnekvuli  kratkodobému uzivani medikace (studie 2). V desetidenni
intervenéni klinické studii bylo zjisténo, Ze denni konzumace ndpoje obsahujictho

silymarin a L-arginin ma pozitivni vliv na fyziologické a urodynamické paramentry



u zdravych muzi ve véku 38-59 let (studie 3). V klinické studii bylo podavano
1500 mg/den plodu V. macrocarpon po dobu Sesti mésicti muzim s diagnézou LUTS
a PSA > 2,5 ng/ml. Byl u nich prokazan uc¢inek komplexu latek plodu na zlepSeni
funkce mocovych cest a vliv na koncentraci volného a vazaného PSA v krvi (studie 4).
Dvojité slepd studie na muzich s diagnostikovanymi LUTS, kterym byla poddvéana
davka 250 mg a 500 mg/den plodu V. macrocarpon, prokazala, ze davka 500 mg
zlepSuje urodynamické parametry moceni a kvalitu Zivota (studie 5). Stejnd davka
plodu V. macrocarpon uzivana po dobu Sesti mésicti statisticky vyznamné¢ prodlouzila
dobu pfeziti bez infekce u Zen s historii opakované IMC (studie 6). Praskovity plod
V. macrocarpon byl uzivan v davce 1500 mg pacienty po dobu 30 dni pred radikalni
prostatektomii. Vysledky randomizované, dvojité slepé studie ukazaly, ze intaktni plod
obsahuje latky regulujici expresi androgen-sensitivnich genti coz by mohlo oddalit
biochemicky ndvrat onemocnéni (studie 7).

Soucasna fytoterapie by méla byt zaloZena na védeckych a klinicky podloZenych
zdkladech. V zadném piipadé nenahrazuje 1éCbu dle aktualnich urologickych
doporuceni. Fyzikdlné-chemickd charakterizace poddvaného piipravku a provedeni
klinické studie podle stanovenych pravidel je zdkladni podminkou pro hodnoceni
vysledkt. Nase klinické studie potvrdily, Ze dietni intervence zvolenych komplexnich
extraktl méla priznivy vliv na zdravi pacienta jak v oblasti prevence tak i remise
urologickych onemocnéni. Pozitvni je, ze pouzité piipravky byly pacienty dobie
snaseny bez vedlejsich u¢inkd. Pasobeni testovanych piipravkli hodnotime hlavné jako

podpirné.



2 Summary

This habilitation thesis is an attempt to provide a summary of clinical studies
using a complex extract of the seeds of Silybum marianum (milk thistle) and the fruit
of Vaccinium macrocarpon (American cranberry) carried out at the Department
of Urology.

In older men, the most common urological disorders are benign prostate
hyperplasia (BPH), usually associated with lower urinary tract symptoms (LUTS,
Lower Urinary Tract Symptoms), and chronic non-bacterial prostatitis. In women, lower
urinary tract infection (UTI), is the second most common bacterial infection and during
the course of life, a conditions treated in more than half of the female population.
To reduce the risk of these conditions, especially in older age groups, the use of natural
substances such as e.g. bio-minerals, vitamins and secondary plant metabolites
(phytoceuticals) as dietary supplements are often used. The pleiotropic effect
of complex mixtures of natural substances on the human organism leads to a different
conclusion vis 4 vis their application than the individual substances. Standard treatments
of the above conditions are widely variable and they can also have undesirable
side-effects.

This thesis presents the results of 3 clinical trials (CT) conducted using
a combination of silymarin (extract of flavonolignans from the seeds of S. marianum)
with selenium or L-arginine and 4 CT using the whole fruit of V. macrocarpon
in patients with a history of urological disease. The objective of these studies
was to determine the effects, safety and impact on quality of life of the long-term
use of silymarin in combination with selenium/L-arginine or whole fruit
of V. macrocarpon through clinical monitoring of human subjects.

In a pilot study, a combination of silymarin and selenium in the treatment-naive
men with prostate specific antigen (PSA) <2.5 ng/ml had an effect in reducing PSA
levels, improving urodynamic parameters and IPSS score (study 1). A placebo-
controlled study demonstrated the effect of a combination of silymarin and selenium
on the health of men in the 2nd month after radical prostatectomy: quality of life, lipid
metabolism and levels of selenium improved. No effect on PSA levels was found,
probably owing to the short period of taking the supplementation (study 2). On the 10th

day of an intervention trial, it was found that daily consumption of beverages containing



silymarin and L-arginine had a positive effect on the physiological and urodynamic
parameters of healthy men aged 38-59 years (study 3). A clinical study involving
the administration of 1500 mg per day V. macrocarpon fruit for sixth months in men
with a LUTS diagnosis and PSA greater than 2.5 ng/ml, showed the -effect
of complex of fruit compounds in improving urinary tract function and levels of free
and bound PSA in blood (study 4). A double blind study of men with diagnosed LUTS
using 250 mg and 500 mg/day V. macrocarpon fruit demonstrated that a 500 mg dose
improved the urodynamic parameters of urination and quality of life (study 5).
The same dose of V. macrocarpon fruit used for six months statistically significantly
prolonged survival time free of infection in women with a history of recurrent UTI
(study 6). V. macrocarpon fruit powder was used in a dose of 1500 mg in patients
30 days prior to radical prostatectomy. The results of randomized, double-blind studies
have shown that the intact fruit contains substance that regulate the expression
of androgen-sensitive genes and this could prolong biochemical relapse (study 7).
Today, phytotherapy is based on a scientific and clinical evidence-based
foundation. It does not replace the treatment of urological conditions according
to current recommendations. The physico-chemical characterization of the administered
product and conduct of the clinical trial according to the rules is a precondition
for assessing the results. Our clinical studies have shown that dietary intervention using
both selected complex extracts has a beneficial effect, both in the prevention
and remission of urological diseases. A positive outcome was also their excellent
tolerance with no side effects. The activity of the tested products is evaluated mainly

as supportive.



3 Soucasny stav problematiky

Urologickd onemocnéni, benigni hyperplasie prostaty (BHP), symptomy dolnich
cest mocovych (LUTS), chronicka prostatitida (ChP) a karcinom prostaty (KP)
predstavuji zdravotni a socidlni problém pro starnouci muzskou populaci.
KP je v populaci patym a u muzi nejcastéjSim nadorovym onemocnénim. Po plicnich
nadorech je druhou pfic¢inou umrti na onkologickou diagnézu a jeho incidence ma
celosvétoveé rostouci tendenci. U zen jsou v prubéhu zivota Castym problémem
opakované infekce mocovych cest (IMC). Snizit riziko vzniku téchto onemocnéni
cilenou prevenci realizovanou pacientem je stale vyzvou pro praktické lékare a urology

Pti 1é¢be nemoci lze obecné zvolit dva pfistupy. Bud’ pasivni, coz znamena 1é¢bu
po diagnostikovani nemoci, nebo preventivni, tedy pfedchazeni onemocnéni, respektive
snizeni rizika jejiho vzniku. Vyznamnou roli mé prevence u nadorovych onemocnéni,
kde je lécba narocnd pro lékafe i pacienta a Casto vede ke zhorSeni kvality Zivota.
Moznost ptedchazet vzniku onemocnéni je pro pacienta atraktivni.

Prevenci je mozné rozdélit na tfi typy. K primarni prevenci patii ovlivnéni
pfi¢iny nemoci zvySenim odolnosti organizmu podporou ochrannych faktorii, zejména
imunity a snizeni vlivu rizikovych faktort. Hlavnim cilem je zabranéni ¢i oddaleni
rizika vzniku onemocnéni. Primarni prevence zavisi hlavné na samotném jedinci, jeho
zivotnim stylu, stravovacich navycich a omezeni vlivu rizikovych faktori, vétSinou
pochazejicich ze zivotniho prostiedi. Sekundarni prevence zahrnuje odhaleni
jiz ptitomné poruchy ¢i nemoci v raném stadiu umoziujicim t¢innou 1é¢bu. Terciarni
prevence jsou opatfeni cilend na zabranéni nebo snizeni dopadu jiz probihajiciho
onemocnéni nebo prodlouzeni doby remise.

Preventivni programy jsou soucasti zdravotnické politiky vSech stati Evropské
unie. V habilita¢ni praci zminénd urologickd onemocnéni patii k tém, kde lze snizit
dlouhodobym uzivanim latek obsazenych v rostlinach, ovoci, zeleniné ¢i jinych
potravinach riziko vzniku vySe uvedenych onemocnéni, nebo pii jejich kombinaci

s 1é¢ivy je mozné zlepSeni priibéhu terapie.



3.1 Diagnostika a Iécba nékterych urologickych onemocnéni

3.1.1 Infekce dolnich mocovych cest

Infekce mocovych cest (IMC) jsou u Zen nejcastéjSim bakterialnim onemocnénim,
béhem zivota ma vice nez 50 % zen aspon jedenkrat zkuSenost s IMC (Foxman, 2003;
Micali et al., 2014). Vétsina IMC (95%) je zptisobena riznymi kmeny Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus, Proteus mirabelis a Klebsiella
pneumoniae (Gupta et al., 2001). Mimo antibiotickou 1écbu se vSemi riziky (rezistence,
nezadouci uc¢inky) ma velmi dulezitou roli, zvlasté u recidivujicich infekci, prevence
vzniku IMC. Mezi pouzivanou prevenci patii profylaktické poddvani antimikrobidlnich

1€kt a imunomodulaéni 1é¢ba.

3.1.2 Benigni hyperplazie prostaty, symptomy dolniho mocového traktu
a chronicka prostatitida

Benigni hyperplazie prostaty (BHP), znama také jako “zvétSend prostata”,
je chronické onemocnéni starSich muzd, obvykle spojené se symptomy dolnich
mocovych cest (LUTS) (Anderson et al, 2001). Pavodni pohled na LUTS,
kdy se u muzi predpokladaly pouze potize v souvislosti s BHP a hyperaktivni mocovy
méchyt (overactive bladder, OAB), byl naopak chdpan jako Cist¢ zenské onemocnéni,
je jiz prezity (Chapple et al., 2006). Ukazuje se, ze ne vSechny LUTS u starSich muzi
jsou nutné zptisobeny jen BHP a svou roli mize hrat hyperaktivita detrusoru mocového
méchyte, hypoaktivita detrusoru, stejné jako strukturdlni nebo funkéni abnormality
mocového traktu a ledviny (nykturie) (Oelke et al., 2013). Ptehled nejcastéjSich pticin

LUTS u muzt je uveden v tabulce 1.
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Tabulka 1. Mozné pii¢iny LUTS u muzi.

Druh potizi/onemocnéni

benigni hyperplazie prostaty

hyperaktivita detrusoru moc¢ového méchyte
nocni polyurie

hypoaktivita detrusoru

neurogenni dysfunkce moc¢ového mechyie
infekce urotraktu

cizi téleso

striktury uretry

tumor mocového méchyie

iuxtavesikalni ureterolithiasa

Tyto vyse uvedené pfiiny se u vétSiny pacientu kombinuji. I kdyz se jedna
o nezhoubné onemocnéni, jde ¢asto o onemocnéni progresivni, vedouci ke komplikacim
a vyznamnému ovlivnéni kvality zivota, jako je akutni retence (AR) nebo nutnost
opera¢niho fteSeni (Djavan er al, 2004). Operac¢ni léCba je vyhrazena predevsim
pro muze s komplikovanou BHP, nicméné absolutnich indikaci k operacni 1écbé
je nyni méng.

Farmakoterapie BHP je zaméfena pfevazné na zmirnéni symptomi dolnich cest
mocovych (Oelke et al., 2013). K 1ékiim prvni volby patii a-blokatory (antagonisté
a-adrenoreceptort) a inhibitory So-reduktizy (5ARi). Pii monoterapii jsou nejcastéji
pouzivanymi 1éky a-blokatory, které maji rychly nastup ucinku na rozdil od SARi,
kde ulevu od potizi mizeme ocekavat nejdiive za Sest mésict od zahajeni terapie.
Na druhou stranu u 5ARi byl prokazéan vliv na progresi benigni hyperplazie prostaty
(zmenSeni velikosti prostaty, snizeni rizika retence moci, potfeby opera¢niho feSent).
Vysledky studii z posledni doby (Roehrborn et al., 2011) ukazaly, ze nejvétsi benefit
pro pacienty poskytuje kombinovana lécba (a-blokatory pro rychlou ulevu od potizi
a 5ARIi pro dlouhodobé snizeni rizika progrese ¢i komplikaci pii LUTS). Stale cast&jsi
je pouziti anticholinergik v kombinaci s a-blokatory k potlaceni iritacnich pfiznakt
pii LUTS a u pacientt s erektilni dysfunkci (ED) inhibitora fosfodiesterazy-5 (iPDESY).
U a-blokatord a inhibitord So-reduktdzy byly zaznamenany pro pacienta zatézujici

nezadouci U¢inky sumarizované v tabulce 2 (Djavan et al., 1999; Wessells et al., 2003).
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Tabulka 2. Nezadouci U¢inky a-blokatord inhibitortt Sa-reduktazy.

a-blokatory”

bolesti hlavy

zavraté

posturalni hypotenze

astenie

ospalost

zdufeni nosnich sliznic

retrogradni ejakulace

inhibitory Sa-reduktazy”

pokles libida

impotence

snizeni objemu ejakulatu

vyrazka, zvétSeni a citlivost prsnich zlaz
* Djavan et al., 1999; ® Wessells et al., 2003

Pfi¢ina vzniku nebakteridlni chronické prostatitidy neni plné objasnéna
predevsim pro stale nedostatecné pochopeni komplexnosti tohoto onemocnéni. Jednim
z hlavnich divodi miize byt nedostate¢nd drendz sekretu z duktd periferni zony
prostaty. Se zvétSovanim prostaty se také objevuji obstrukéni ptiznaky a dochazi
k refluxu moc¢i do prostatickych dukti. Tento reflux se mize objevovat u muzi
se subvezikalni obstrukei, dysfunkénim mocenim a benigni hyperplazii prostaty a vede
k chemickému drazdéni a zanétu. Svou roli mize hrat také zivotni prostiedi znecisténé
latkami s hormonalni aktivitou (endokrinnimi disruptory). Vznik syndromu chronické
prostatitidy muze byt vysledkem souhry psychologickych faktord, dysfunkci

imunitniho, neurologického a endokrinniho systému (Pontari et al., 2004).
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3.1.3 Karcinom prostaty

V soucasné dob¢ je pro muzskou populaci v celém svété stale vétsi zatézi KP
(Hsing a Devesa, 2001; Hsing a Chokkalingam, 2006). V severni Americe a zapadni
Evropé je u muzl nejcastéji diagnostikovanym nddorem a v potfadi druhou pftic¢inou
smrti spojenou s onkologickym onemocnénim (Siegel et al., 2015). V iniciaci rakoviny
prostaty hraji klicovou roli androgeny (testosteron) stimulujici expresi a transkripéni
aktivitu androgenniho receptoru (AR) (Huggins, 1963). Vyznamné rozdily v incidenci
a mortalit¢ KP jsou mezi geografickymi a etnickymi populacemi. Etiologie KP neni
dosud zcela zndma, i kdyz se da predpokladat, ze hlavnimi faktory jsou biologicky vék
a rodinna historie onemocnéni v muzské rodové linii; u Zen je to pak rakovina prsu
(Lichtenstein et al., 2000). Dalsimi rizikovymi faktory jsou genotoxicky/epigeneticky
aktivni latky v zivotnim prostiedi (Koutros et al., 2015), zivotni styl (Kolonel et al.,
2004; Dobosy et al., 2007), ale také obesita a stravovaci navyky (Masko et al., 2013;
Allot et al., 2013). Byla prokazéna souvislost mezi chronickym zanétem a KP (Vasto
et al., 2008). Muzi, u kterych probihd chronicky zanét i jinych tkani nez prostatické,
maji vyznamné zvysené riziko agresivni formy nadorového onemocnéni prostaty.

V soucasné¢ dobé jsou inhibitory enzymu Sa-reduktazy (5ARi) finasterid
a dutasterid jedinymi farmakologickymi preparaty, u nichz bylo prokazano snizeni
prevalence karcinomu prostaty. Finasterid byl uzivan v randomizované, dvojité slepé,
placebem kontrolované multicentrické studii PCPT (Prostate Cancer Prevention Trial)
po dobu 7 let. Studie se zucastnilo 18 882 muza (v€k > 55 let) s norméalnim nalezem
per rektum a hladinou PSA < 3 ng/ml. V randomizované, dvojité¢ slepé, placebem
kontrolované studii REDUCE (REduction by DUtasteride of prostate Cancer Events
trial) uzivalo dutasterid 8231 muzt (veék 50-75 let) po dobu c¢tyt let. V obou studiich
bylo prokazéano snizeni incidence KP: ve studii PCPT o 24,8 % a ve studii REDUCE
o 22,8 %. Tyto vysledky ale byly u finasteridu i dutasteridu limitovany pro KP
s Gleasonovym skérem (GS) 6 a niz§im, u nadort s GS 8-10 byla incidence vyssi
u obou SARi (Thompson et al., 2003, 2009; Andriole et al., 2010).

U nékterych 1éCiv, statinl, nesteroidnich antiflogistik (kyselina acetylsalicylova)
a antidiabetik (metformin), byly publikovany studie o jejich inverznim vlivu na vznik
KP, ale chybi jasny priikaz chemopreventivniho ucinku studiemi podobného designu
jako s finasteridem a dutasteridem (Moyad, 2015). Inhibitory fosfodiesterdzy typu 5

nemaji vliv na snizeni rizika vzniku KP (Jamnagerwalla et al., 2016).
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3.2 Prirodni latky v profylaxi a remisi urologickych onemocnéni
3.2.1 U¢inky fytoceutik na lidsky organismus

Utinky minoritnich obsahovych latek (sekundarnich metabolitt) divoce
rostoucich nebo zemédé€lsky péstovanych rostlin, plodii motfe a zivocisnych tkani
na fyziologické funkce cloveéka jsou stale predmétem vyzkumu, ktery spliuje
pozadavky mediciny zaloZené na dikazech (Evidence Base Medicine study). V indické
mediciné Ayurvedé¢ (Vaidya et al., 2007; Zisman et al., 2003), japonské bylinné
mediciné Kampo (Minagawa a Ishizuka, 2015) a ¢inské tradi¢ni medicin¢ (Chau a Wu,
2006) je potrava a latky v ni obsazené béznou soucasti prevence a zdravotni péce.
V evropské mediciné bylo v minulosti také spojeni mezi raciondlni medicinou
a slozenim potravy mnohem ,,intimné&jSi“ nez v 20. stoleti. V soucasné¢ dobé
se ambivalentni ndzory lékaiské vefejnosti na komplementarni fytoterapii méni.
Klinické studie ucinkli obsahovych latek rostlin iniciované znalostmi z tradi¢niho
1écitelstvi prokazaly, ze lze zjejich poznatkd prevzit nékteré prvky pii zachovani
bezpecnosti a prospéchu pacienta. Ukazuje se, ze citat starovékého tfeckého ucence,
,otce mediciny Hippokrata (460 — 370 p.n.1.) ,, Tva potrava budiz tvym Iékem a tviyj 1€k
tvou potravou“ je stale vice aktudlni (Georgiou et al., 2011), predev§Sim ve vztahu
k chronickym civilizaénim onemocnénim. Racionalni medicina tfetiho tisicileti se cilené
zaméiuje na vyznam slozeni diety na riziko vzniku a prubéh nékterych chronickych
onemocnéni a studium preventivniho a lécebného ucinku fytoceutik v ni obsazenych
(Klein et al., 2012; Thomasset et al., 2007; Van Patten et al., 2008).

V dal$im textu je vé€novana pozornost rostlinnym sekundadrnim metabolitim.
V potravinach je pro tyto latky pouzivano také oznaceni nutraceutika. Patii mezi
n¢ vitaminy, biomineraly, organické kyseliny, karotenoidy, polyfenoly, terpeny a tada
dalsich latek. Jsou-li tyto latky jako slozky komplexnich extraktii nebo chemicka
individua komer¢né dostupné ve formé pripravki, jedna se o dopliky stravy.

V travicim ustroji maji fytoceutika vliv na mikrofloru traviciho ustroji, zejména
dutiny ustni a tlustého stieva (probiootické a patogenni bakterie), zalude¢ni a stfevni
bariéru, oxidoreduk¢ni statut, metabolické pfemény xenobiotik a imunitni systém

lymfatické tkané tlustého stteva (Gut Associated Lymphatic Tissue, GALT).
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Ve vnitinim prostfedi jsou fytoceutika prekurzory signalnich molekul, pfipadné
signalni molekuly, kofaktory enzymt, komponentami biomakromolekul, bunécnych
struktur a oxidoreduk¢niho statutu (redox rovnovéahy) organismu.

Charakterizace fytoceutika sudavanym vlivem na lidsky organismus
ma obsahovat: (i) hodnovérné etnofarmakologické udaje o rostliné/extraktu, (ii) tdaj
o chemické slozeni, (iii) farmakologicky profil, (iv) uGcinky potvrzené vysledky
z randomizovanych klinickych studii a (v) informaci o interakcich s 1éCivy, pfipadné
nezadouci ucinky. V Evropské unii jsou tyto tidaje vyzadovany od vyrobct Evropskym
ufadem pro bezpeéné potraviny (European Food Safety Agency, EFSA).
Pokud fytoceutikum (nutraceutikum) spliuje pozadavky EFSA, vyrobce ziskava
opravnéni uvadeét biologicky ucinek fytoceutika na lidsky organismus jako zdravotni
tvrzeni. V USA se problematice fytoceutik/nutraceutik veénuje Narodni centrum
pro komplementarni a alternativni medicinu (National Center for Complementary
and Alternative Medicine, NCCAM), které je jednim z 27 tstavii National Instuitutes
of Health (NIH).

Snaha stale vétsi ¢asti populace udrzet si aktivni zptsob zivota do pozdniho véku
a oddalit rizika spojend sftadou chronickych onemocnéni zvySuje zijem o pouziti
potravin/nutraceutik.

V dalsim textu jsou uvedeny rostlinné extrakty/fytoceutika/nutraceutika, u kterych
byl klinicky testovan ucinek na diskutovand urologickd onemocnéni. U zadného z nich

nebyla prokazana interakce s konvenénimi léky (Izzo, 2012).

3.2.2 Fytoceutika a opakované infekce dolnich mocovych cest

Fytoceutika a jejich metabolity s udavanym uc¢inkem na IMC maji (i) snizovat
adhezi bunééné struktury na epitel mocového ustroji nebo (ii) deaktivovat geny
produkujici  polysacharidy a polymery rozhodujici pro vznik biofilmu.
Z fytoceutik/nutraceutik uzivanych v komplementarni terapii IMC jsou nejlépe takto
charakterizované latky plodu americké brusinky (klikvy velkoplodé, Vaccinium
macrocarpon Ait., V. oxycoccus L., V. vitis-idaea L., Ericaceae). Pravidelnad konzumace
stavy nebo celého plodu je doporucovana pro prevenci pied opakovanym navratem
IMC a pfi jednordzové nebo intermitentni mocové katetrizaci (Jepson et al., 2012;

Order a Liperoti, 2016). Latky v plodu V. macrocarpon brani kolonizaci mocovych
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cest zejména uropatogennimi kmeny Escherichia coli s P-fimbriemi (Guay, 2009;
podrobnéji v kapitole 3.3.1.).

V ¢inské tradi¢ni medicin€ je cenéna pro své ulinky na opakované IMC Salvia
plebeia (Peng et al., 2010). Cochran metaanalyza publikovanych studii s rostlinnymi
ptipravky c¢inské tradi¢ni mediciny vedla k zavéru, ze zadny z klinicky zkouSenych
pfipravki nemél vyznamny profylakticky nebo terapeuticky efekt na IMC
(Flower et al., 2015).

Klinicky zajimavé jsou pozitivni vysledky zkouSek s piipravky obsahujicimi
probiotické bakterie Lactobacillus rhamnosus a reuteri na zenach s historii opakujicich
se IMC zpiisobené kmeny E. coli rezistentnimi vici n€kterym antibiotikiim (Foxman

a Buxton, 2013; Schwenger et al., 2015).

3.2.3 Fytoceutika a BHP/LUTS

Pro ¢ast muzské populace je komplementarni terapie BHP/LUTS a chronického
zanétu prostaty fytoptipravky atraktivni alternativou racionalni mediciny. Dtivodem
je snadné zakoupeni piipravkd bez nutnosti navstévy lékare, vliv medii, a také ze jsou
vnimany jako ,,ptirodni* latky bez skodlivych u€inki na lidsky organismus. O G¢innosti
fytoterapie je ale k dispozici mén¢ kvalitnich a ovétenych dat ze studii a jeji efekt mtize
byt vyznamné ovlivnén ocekavanim pacienta, napt. pod vlivem reklamy (placebo efekt).

Fytoceutika s u¢inky na BHP a LUTS mohou (i) inhibovat aktivitu Sa-reduktazy
a (il) vazbu testosteronu na So-testosteronovy receptor, (i) byt agonisté estradiolu
(v) byt substraty (prebiotika) pro nepatogenni mikrofléru traviciho ustroji
(Cheetham, 2013).

Klinicky studované rostlinné extrakty na pacientech s BHP a LUTS jsou
uvedeny v tabulce 3 (Cheetham, 2013; Pagano et al., 2014; Allkanjari et al., 2015).
Mezi terapeuticky zajimavé patii komplexni extrakty z listii zelen¢ho caje (Camellia
sinensis), pylovych zrnek zita (Secale cereale), semen palmy plazivé (Serenoa repens)
a ostropestice marianského (Silybum marianum), kotent koptivy (Urtica diotica) a olej
ze semen tykve obecné (Cucurbita pepo). Extrakty byly testovany bud’ jednotlivé, nebo

jejich riizné kombinace.
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K aktivnim komponentdm patii zejména fytosteroly, terpenoidy, polyfenoly,
nenasycené¢ mastné kyseliny, lecitiny, silice, polysacharidy. Mezi mikronutrienty
s pfiznivym vlivem na prostatu patii vitaminy E a D, zinek a selen, lykopen a dalsi.
Obecnym nedostatkem studii i pfes vétSinou zajimavé ucinky je jeji provedeni
na malém poctu subjektd, zpisob randomizace a chybéjici presné slozeni podavaného
ptipravku. Uginky jsou &asto diskutovany na zakladd poznatkii z mechanistickych

experimentd.

Tabulka 3. Komplexni extrakty rostlin s uddvanym t¢inkem na BHP a LUTS".

Extrakty ze semen/plodi/koreni/kiry
rod Brassica (koSt'aloviny)

Camellia sinensis (zeleny ¢aj)

Cucurbita pepo (tykev obecnd)

rod Epilobium (vrbovka)

Hypoxis rooperi (africka brambora)
Lycopersicum esculentum (rajce)

Punica granatum (granatové jablko)
Prunus africanum (slivon africkd)

Secale cereale (Zito)

Serenoa repens (trpasli¢i palma plaziva)
Silybum marianum (ostropestfec mariansky)

Vaccinium macrocarpon (klikva velkoplodd)

? Cheetham, 2013; Pagano et al., 2014, Allkanjari et al., 2015

V soucasné dobé ma fytoterapie své misto v 1écb¢ BHP/LUTS a méla by byt
pouzivana hlavné u pacientdl s mirnym stupném LUTS (IPSS<7). Pro pacienty
se stfedné tézkymi az tézkymi LUTS (IPSS>7) a vétsi prostatou je efektivngjsi

farmakoterapie (a-blokatory, SARi) nebo chirurgicka 1é¢ba (Nickel et al., 2010).

3.2.4 Fytoceutika a riziko onemocnéni karcinomem prostaty

Pojem chemoprevence byl poprvé pouzit v sedmdesatych letech minulého stoleti
a je definovan jako uzivani pfirodnich ¢i syntetickych latek, které jsou schopny
zablokovat nebo oddalit jeden a vice krokt ptirozeného vyvoje nadorového onemocnéni

u dosud zdravych jedinci (Kelloff et al., 2002; Brawley, 2002). Klicovou

17



rrrrr

Chemoprevence muze byt piinosnd zvlasté u nadorl iniciovanych hormondlné
jako je KP (Klein, Thompson, 2012), kde je doba vzniku a vyvoje naddoru pomérné
dlouha (roky az desitky let). Dobrym piikladem je uzivani tamoxifenu pii prevenci
nadoru prsu u Zen (Fisher et al., 2005). Realita vSak neni tak jednoducha. Vyznamnou
roli zde hraje genetickd dispozice jedince, ale zatim jasné¢ nelze identifikovat,
které genetické zmény hraji hlavni roli ve vyvoji nadoru.

Otazkou je, ktera nutraceutika mohou snizit nepfiznivé ucinky 1écby, riziko
recidivy nebo zlepsit pribéh onemocnéni u pacientd s jiz diagnostikovanym a lé¢enym
KP. Klinickych studii s timto primdrnim cilem je relativné malo a nejsou dostate¢né
prikazné (maly pocet pacientl, studované fytoceutikum/extrakt neni detailnéji
chemicky charakterizovan, nejsou stanoveny jeho koncentrace v krvi/moci,
resp. metabolity). I tak je u pacienti s naddorovym onemocnénim velmi rozsifené
uzivani fytoceutik/nutraceutik, napt. 26-35 % pacientti s KP a 75-87 % pacientek
s karcinomem prsu (Velicer et al., 2008; Paller et al., 2016).

Vyhledavani pfirodnich latek s potencidlnim chemopreventivnim ucinkem
na KP je v poslednich letech vénovana stale vétsi pozornost (Ma et al., 2009; Ho et al.,
2011; Mahmoud et al, 2014; Hackshaw-McGeagh et al., 2015). Nutraceutik, kterda maji
prokazatelny protektivni ucinek na progresi KP a dobu remise po radikalni
prostatektomii, je zndmo pomérn¢ mnoho a patii mezi n€¢ napi. vitaminy D a E
(alfa- a gama-tokoferol), epigalokatechingaladty cajovniku (Camellia sinensis),
sulforafan a indol-3-karbinol (Brassica), isoflavony s6ji genistein a daidzein (Glycine
max), w-3 polynenasycené mastné kyseliny Inéného oleje (Linum usitatissimum),
karotenoid  lykopen, polyfenoly S§tavy granatového jablka (Punica granatum)
a kurkumin z oddénkt kurkumy (Curcuma longa).

V literatufe existuji rozporuplné ndzory na vztah mezi selenem a rizikem KP.
V nékterych studiich byl prokazan vliv suplementace stravy selenem na snizeni rizika
vzniku KP (Yoshizawa et al, 1998; Ma et al., 2009), ale na druhou stranu byla
predcasné ukoncena studie SELECT (SELenium and Vitamin E Cancer Prevention
Trial) vzhledem k neprokdzanému preventivnimu ucineku selenu a vitaminu E
na karcinom prostaty u muzi, ale i zvySenému vyskytu diabetu typu II (Lippman ef al.,

2009).

18



7 s Ve

3.3 Charakterizace a biologické ucinky studovanych latek

3.3.1 Klikva velkoploda (Vaccinium macrocarpon)

Vaccinium macrocarpon Ait. (klikva velkoplodd, Ericaceae) roste v chladngjsich
oblastech severni polokoule s nejvétsim rozsifenim v Severni Americe. Je to celoro¢né
zelena rostlina s kulatymi Cervenymi plody, které se sklizi v fijnu. Maji trpkou
chut’ a v tradi¢ni indidnské mediciné byly plody V. macrocarpon uzivany k prevenci
a lécbe infekci dolnich cest mocovych. Na evropském trhu jsou prodavany suSené
plody, ovocné napoje (do 20% S$tavy) a dopliky stravy obsahujici v praskovité formée
extrakt stavy nebo plod. V plodu klikvy vedle drasliku, hot¢iku, organickych kyselin,
vlakniny, mono- a oligosacharidt, bilkovin, vitaminu C a n-3/n-6 polynenasycenych
mastnych kyselin je také Siroké spektrum polyfenolii (fenolové kyseliny, flavonoidy,
antokyaniny a proantokyanidiny typu A2 sriznym stupném polymerizace)
a triterpenoidt (kyselina ursolova a jeji estery) (Neto, 2007; Guay, 2009). Procentové
zastoupeni téchto latek je na obr. 1. Biologické ucinky plodu jsou v literatufe vétSinou

pfipisovany antokyaniniim a proantokyanidiniim typu A2 (Blumberg et al., 2013).

1,6%

17,5% 72,1%

0,5%
5,1%
3.2%

M fenolové kyseliny M flavonoidy
i benzoova kyselina a benzaldehydové derivaty M antokyaniny/antokyanidiny
M proantokyanidiny i pentacyklické triterpenoidy

Obr. 1. Obsah bioaktivnich latky v plodu klikvy velkoplodé (Vidlar et al., 2015).
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V lidském organismu jsou polyfenoly V. macrocarpon metabolizovany v tenkém
a tlustém stfevé. Biotransformace fenolovych kyselin a flavonoidi se G€astni enzymy
1. faze. Do organismu jsou absorbovany nezménéné nebo jako metabolity stfevni
mikroflory (derivaty fenolovych kyselin a aglykony flavonoidl). Antokyaniny
a proantokyanidiny jsou metabolizovany intestindlnimi bakteriemi a do wvnitiniho
prostfedi absorbuji jejich metabolity - derivaty fenolovych a mastnych kyselin
s kratkym ftetézcem (Chiou et al., 2014; Ou a Gu, 2014). V krvi/télnich tekutinach
pak nachazime jejich metabolity ve formé konjugatd napft. s kyselinou glukuronovou
nebo glycinem.

Z organismu jsou polyfenoly vylucovany jako volné nebo konjugované
aromatické kyseliny a aglykony flavonoidt (Vidlar ef al., 2015; Feliciano ef al., 2010).
Antokyanidiny a proantokyanidiny nebyly v moci detekovany. V klinické studii
na zdravych muzich byla v moc¢i stanovena navratnost 6,2 % polyfenolovych latek
z celkové podaného mnozstvi (Feliciano et al., 2016).

Komplex obsahovych latek plodu/stavy V. macrocarpon  vykazuje
v mechanistickych a intervencnich klinickych studiich pleiotropni G¢inek (Blumberg
et al., 2013). Vysledky studii prokézaly snizeni rizika vzniku kardiovaskuldrnich
onemocnéni a gastrointestinalnich onemocnéni zptisobenych Helicobacter pylori.

Obsahové¢ latky plodu V. macrocarpon nemaji vyrazné bakteriostatické
a baktericidni Uc¢inky. Klinicky zajimavy je jejich antiadheren¢ni ucinek. Ten lze
vyvétlit bud’ kompetitivni inhibici adheze fimbridlnich podjednotek E. coli na povrch
uroepitalnich bunék nebo inhibici jejich exprese komplexem obsahovych latek plodu
(Patel a Daniels, 2000). Howell et al. (2005) publikovali studii o in vitro u¢inku
proantokyanidinti typu A2 na adhezi uropatogenniho kmene E. coli s P-fimbriemi
(Foo et al., 2000). Moznym vysvétlenim mechanismu antiadheren¢niho ucinku plodu
je zeslabeni patogennich bakterii metabolity obsahovych latek V. macrocarpon
v tlustém stievé (Raz et al., 2004). Valentova et al. (2007) pfipisuji ex vivo
antiadheren¢ni ucinek moci zdravych dobrovolniki konzumaci 1,2 g/den praskovitého
plodu po dobu 3 mésicii, vysoké koncentraci kyseliny hippurové ve srovnani s kontrolni
skupinou. Kim et al. (2015) prokdzali inhibi¢ni 1ucinek proantokyanidini
V. macrocarpon na tvorbu biofilmu tvofeného kariopatogenim kmenem Streptococcus

mutans.
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V posledni dobé bylo publikovano né€kolik praci, které prokazuji,
ze antiadherencni ucinek plodu V. macrocarpon na uropatogenni bakterie E. coli neni
ucinkem pouze proantokyanidinid typu A2, ale také jejich metabolitti a dalSich latek jako
jsou fenolové kyseliny, oligosacharidy a pentacyklické triterpeny (Rafsanjany et al.,

2015; Gonzales de Liano et al., 2015; Sun et al., 2015; Rodriguez-Pérez et al., 2016).

3.3.2 Silymarin

Extrakt ze semen Silybum marianum (ostropestfec maridnsky) je zndm
pod nazvem silymarin a je jednim z nejlépe farmakologicky dokumentovanych
rostlinnych extraktl. Je pouzivan od staroveéku a je soucasti velkého poctu fytopreparatt
a doplnk stravy predevSim v prevenci a 1é¢bé raznych jaternich chorob
(Abenavoli et al, 2010).

Silymarin je smés Sesti flavonolignant (silybin, isosilybin, silychristin, silydianin,
silandrin a isosilandrin) a 10-30 % polyfenolové frakce (Gazak, 2007; Simanek et al.,
2000). Silybin (synonymum silibinin) a isosilibyn jsou smési dvou diastereoizomerti
(silybin A a B, isosilybin A a B) a tvofi hlavni aktivni komponentu silymarinu
(silymarin se obvykle standardizuje na silybin). Farmakologické studie
silymarinu/silybinu  popisuji ~ hlavné¢  jeho  antioxidacni,  hypolipidemickou
a cytoprotektivni aktivitu (Agarwal et al., 2006). Silybin je pouzivan jako
hepatoprotektivum a terapeutikum pii chronické hepatitidé, cirhoze, alkoholismu
a po intoxikacich. Inhibuje vstup a transport mykotoxini Amanita phalloides (amanitin,
falloidin) do hepatocyti a pouzivda se jako antidotum pfi otravach houbami
(Abenavoli et al, 2010).

Silybin ukézal inhibi¢ni Gi¢inek na snizeni proliferace nddorovych bunék prostaty
v nekolika in vitro experimentech a preklinickych studiich (Cheung et al., 2010),
proliferaci tumordznich bunék (Flaig et al., 2010) a angiogenezi (Singh et al., 2008).
Angiogeneze je pravdépodobné inhibovana redukci rstového faktoru fibroblastt
a vaskularniho endotelialniho riistového faktoru.

V posledni dobé byly popsany zajimavé ucinky silybinu v oblasti regulace
bunécného cyklu a jeho potencidlniho kancerostatického ptisobeni. Silybin inhibuje
mitogenni signalizacni drahy a plsobi na regulaci bunécného cyklu, coz vede

k inhibici rastu a smrti androgen-independentnich nadorovych bunék prostaty in vitro
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(Agarwal et al., 2006). Po intenzivnim laboratornim vyzkumu a in vivo experimentech
se ukazuje, ze silybin moduluje celou skalu intracelularnich regulac¢nich procest.
Mechanistické studie provadéné na molekularni Grovni ukazaly moZznost pouziti
silybinu v nékolika novych klinickych indikacich, z nichz nejslibnéjSimi jsou
chemoprevence a fotoprotekce kiize, podplirna terapie a prevence nadori prostaty (Deep
et al., 2007; Singh et al., 2006).

Z in vitro studii a experimenti zaméfenych na ovlivnéni adenokarcinomu prostaty
lze uvést strucné nasledujici poznatky. Silybin snizuje sekreci PSA u lidskych
androgen-dependentnich nadorovych bun¢k (LNCaP) (Thelen et al., 2004). Silybin B
ma estrogenni aktivitu (PlisSkova et al., 2005). Silybin moduluje signalni drahu fizenou
NF—«B, coz vede ke zvySeni senzitivity linii bun€k karcinomu prostaty DU145
k apoptéze vyvolané tumor nekrotizujicim faktorem o (TNFa) (Dhanalakshmi et al.,
2002). Silybin stimuluje diferenciaci, indukuje apoptézu i antiangiogenni aktivitu.
Silybin pfi chemoterapii nesnizuje U¢inky doxorubicinu u linii DU145
a zvySuje citlivost bunék k apoptéoze vyvolané cisplatinou a karboplatinou
(Dhanalakshmi ef al., 2003).

Silybin byl pfedmétem vyzkumu pii podpurné terapii adenokarcinomu prostaty.
Dvojité slepé, zktizené, placebem kontrolované studie se ucastnilo 41 pacientl 1éCenych
pro karcinom prostaty (s nenulovym PSA po radikalni prostatektomii nebo radioterapii).
Ugastnikim byl podavan silybin spolu s lykopenem a isoflavony soji (Schroder et al.,
2005). U ucastnikt doslo k poklesu PSA a nebyly pozorovany vedlejsi ti€inky.

Silymarin se jevi jako bezpecny, bez nezddoucich ucinkd a jeho vyhodou
je vyborna kompliace pii nékolikaletém uzivani (Wellington et al., 2001). Na rtiznych
mySich modelech byly testovany 1 extrémné vysoké davky (2 g/kg/den)
bez pozorovanych toxickych a vedlejSich projevil (Singh et al., 2002; Gazak et al.,
2007). Silybin je vzhledem ke své netoxicit¢ i pii dlouhodobém uzivani nad¢jny
pro chemoprevenci karcinomu prostaty a jevi se jako perspektivni pro podptirnou 1éc¢bu
KP pfi chemoterapii ¢i po radikalni prostatektomii. Jak silymarin, tak silybin

ma i ,,vedlejsi” pozitivni G¢inky jako hepatoprotektivum.
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3.3.3 Selen

Selen patfi mezi esencialni stopové prvky. Do organismu se dostava ve formée
selenocysteinu, selenomethioninu a anorganickych soli. Doporu¢ena denni davka
je 55 ug a tolerovana denni horni hranice pfijmu pro dospélé je 400 pg.

Selen je zndm svymi antioxida¢nimi vlastnostmi — je soucasti antioxida¢nich
enzymi a selenoproteini). Selen ovliviiuje antiproliferaci bunék, apoptozu a moduluje
hladinu androgent a thyroidnich hormonti, ovliviiuje metabolismus ristového hormonu
a rastovému faktoru podobnému inzulinu 1 (insulin-like growth factor-1, IGF 1)
(obr. 2). Miize také zpuisobit dermatitidy, ztratu nehtii ¢i vlast (Helzlsouer ef al., 2000).
Epidemiologické studie ukazuji, ze nizkd hladina selenu je spojena s dysfunkci
imunitniho systému a vy$$im rizikem nékterych nadorovych onemocnéni vcetné¢ KP

(Combs et al., 1997).

selenoprotemy

Il ! ! ! | ! }

faktory regulatory TGFpB1 signalni mol. PI3K DNA bun.
angiogenese bun. cyklu apoptozy reparacni  adhese/
geny invasivni
molekuly
inhibice blokada DNA inhibice
angiogenese  bun. cyklu indukce apoptozy reparace invasivnich
s “bunck

prevence a/nebo
inhibice nadoru

Obr. 2. Signalni drahy aktivované selenem.

Na vztah selenu a KP existuji rizné nazory (Allen et al., 2008). Rozséhl¢ studie
potvrdily, Ze obohaceni stravy selenem snizuje riziko KP, zejména u muzi s nizkou
hladinou selenu v séru (Ma et al., 2009; Yoshizawa et al, 1998). Ve studii NPC
(Nutritional Prevention of Cancer study) byl studovan na skupin€ osob (1312 muzi
a zen) vliv denni davky selenu (200 ug) na snizeni rizika recidivy nemelanomovych

koznich nadorti. Tato hypotéza potvrzena nebyla, bylo vSak zjiSténo statisticky
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vyznamné snizeni incidence KP u muzi (stfedni doba sledovani byla vice nez 7 let).
U muza s hladinou PSA do 4 ng/ml byla incidence KP nizsi o 65 %, zatimco u muzi
s hladinou PSA nad 4 ng/ml nebyla ovlivnéna (Duffield-Lillico et al., 2003).

Pti zhodnoceni vysledki studie HPFS (Health Professionals Follow-Up Study),
do které se zapojilo 51 529 muzi, se ukazalo, ze muzi s nejvyssim kvintilem hladiny
hladiny selenu (Yoshizawa et al., 1998).

Na zaklad¢ slibnych vysledki se selenem a vitaminem E byla vroce 2001
zahdjena prospektivni, randomizovand, dvojit¢ slepd a placebem kontrolovana
multicentrickd studie SELECT (SELenium and Vitamin E Cancer Prevention Trial),
do které bylo zafazeno 35 534 zdravych muzii s normalnim nalezem per rektum
a hladinou PSA do 4 ng/ml. Pfedpokladana doba sledovani ucastnikli byla stanovena
na 7-12 let. Konec studie byl planovan v roce 2013. Muzi byli ndhodné rozdéleni
do 4 skupin podle podavané testované latky — vitaminu E (400 mg racemického
a-tokoferolu), selenu (200 pg 1-selenomethioninu) nebo jejich kombinace a placeba
(Lippman et al., 2005). Tato studie patii v oblasti chemoprevence KP nutraceutiky mezi
nejvyznamnéjsi a nejrozsahlejsi a svym designem je srovnatelnd se studiemi PCPT
a REDUCE. Bohuzel v fijnu 2008 na zaklad¢ druhé pribézné analyzy bylo doporuceno
preruseni studie, protoze analyzovana data ukézala, Ze selen, vitamin E nebo kombinace
selenu s vitaminem E nemaji preventivni G¢inek na KP u obecné¢ zdravé heterogenni
populace muzi zarazenych do studie SELECT (Lippman et al., 2009). Tyto zavéry
ovSem nevylucuji, ze suplementace selenem muize mit pozitivni vliv na muze s rizikem
vyvoje pokrodilého KP nebo snizovat riziko progrese probihajictho KP. Ukolem
do budoucna je identifikace muza se specifickym genotypem nebo fenotypem tumoru,

kde by uzivani selenu mélo vyznam (Chan et al., 2009).
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3.3.4 L-Arginin

Pro fyziologii a symptomy mocového ustroji je dilezitou signalni molekulou oxid
dusnaty. Substratem pro syntézu oxidu dusnatého je semiesencidlni aminokyselina
L-arginin (Harrison, 1997). Pfirozené¢ se L-arginin nachdzi v mléénych vyrobcich,
hovézim, vepfovém a dribezim mase, moiskych plodech, s6ji a ceredliich.
Oxid dusnaty aktivuje pieménu guanosintrifosfatu  (GTP) na  cyklicky
guanosinmonofosfat (cGMP). Enzymem zodpovédnym za tvorbu oxidu dusnatého
je NO-syntaza, u které jsou znamy tfi izoenzymy. V dolnim mocovém traktu mé oxid
dusnaty vliv na metabolismus a funkci n¢kolika druhti cilovych bun¢k a to hladké
svaloviny detrusoru, ptfiéné¢ pruhované svaloviny mocového sfinkteru, intersticialni
a epitelialni buiiky mocového méchyte a hladké svaloviny mocové trubice (Stothers et
al., 2003). Suplementace L-argininem prokazala zvySeni hladiny oxidu dusnatého
v tkanich dolnich cest mocovych a subjektivni zlepSeni erekce a mik¢énich symptomu

(Chen et al., 1999).
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5.1 Vliv kombinace silymarinu se selenem na urologické parametry
u muzl s LUTS

(studie 1)

Cilem pilotni dvojité slepé, randomizované a placebem kontrolované studie bylo
ovéfeni vlivu Sestimésicniho uzivani kombinace 570 mg silymarinu (SM) a 240 ug
selenu (v form¢ L-selenometioninu)/den u muzt s LUTS a PSA < 2.5 ng/ml. Zatazeno
bylo celkem 56 muzt (29 do skupiny placebo a 26 do skupiny SM-Se).

Vysledky ukazaly statisticky vyznamné rozdily mezi skupinou placebo a SM-Se
u nasledujich parametrii: snizeni hladiny PSAy, zvyseni hladiny selenu, snizeni IPSS
skore (obrazek 3), zlepSeni kvality zivota a parametrti uroflowmetrie (Qmax, Qave,
V a V,). Vliv na hladinu testosteronu nebyl prokazan. Celkové bylo uzivani SM-Se
velmi dobfe tolerovano, bez nezddoucich ucinkl. Na zakladé téchto vysledkl
lze predpokladat, Zze zvolend kombinace silymarinu a selenu mize mit pfiznivy vliv
na zlepSeni moceni a zachovani zdravi prostaty u muzi spolu s velmi dobrou

snasenlivosti.

100

DIFFERENCES T3-T1
PROBABILITY [%]

placebo SM-Se -10 -5 0 5

DIFFERENCES T3-T1

Obr. 3. Vliv SM-Se na celkové IPSS skore ve skuping placebo a SM-Se.

Hodnoty jsou vyjadieny jako rozdil mezi dnem 180 (T3) a dnem 0 (T1) studie.

a) boxovy graf

b) graf kumulativni distribu¢ni funkce skupin SM-Se (Sedd) a placebo (Cernd), Cisla v blizkosti linii
odpovidaji ¢islu kazdého ti¢astnika

p < 0,05 SM-Se vs placebo skupina
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The aim of this double-blind, placebo controlled clinical trial was to assess the effects of a combina-
tion of selenium and silymarin in men with lower urinary tract symptoms, benign prostatic hyperplasia
and a prostate specific antigen (PSA) <2.5 ng/ml. The volunteers were randomized to two groups: the
first one (n=26) received 240 pg selenium (in the form of yeast L-selenomethionine) plus 570 mg sily-
marin daily for 6 months and the second (n=29) received placebo. Outcome measures were changes

Keywords: in the International Prostate Symptom Score (IPSS), bladder volume (V), urinary flow rate, ultrasound
Selenium . . . ; . .
Silymarin estimated postvoid residual urine volume (RV), serum PSA, testosterone and selenium levels, safety clin-

ical biochemistry, hematology and oxidative stress parameters at baseline and on day 180. The results

Urinary symptoms o e N
showed statistically significant differences (p <0.05) between treatment and control groups for the fol-

Urodynamic parameters

Serum PSA lowing parameters: IPSS score, urodynamic parameters: maximal rate of urine flow (Qmax), average flow
(Qave), V and RV, total PSA value and serum selenium levels. There was a significant reduction in PSA
in the selenium-silymarin group but no effect on blood testosterone level. Overall the treatment was
well-tolerated with no adverse effects.

© 2013 Elsevier GmbH. All rights reserved.
Introduction active components are from green tea (Camellia sinesis), saw pal-

Prostate health is increasingly important in older men. Two
of the most common prostate conditions affecting men older
than 40 years are benign prostatic hyperplasia (BPH) and chronic
prostatitis (Wang et al., 2012). They are associated with both-
ersome lower urinary tract symptoms (LUTS) and can lead to a
number of medical complications such as untreated acute uri-
nary retention, gross hematuria, repeated urinary tract infections,
obstructive uropathy and cystolithiasis. Conventional treatments
are a-andrenergic receptor blockers, 5-a-reductase inhibitors or
antibiotics (Oesterling, 1995). Recent years however have seen
increasing interest in natural therapies which support prostate
health and show prophylactic effects on LUTS. Protective effects
are generally confirmed in clinical trials for the micronutrients sele-
nium, vitamins D and E, curcumin, resveratrol, lycopene, omega-3
polyunsaturated fatty acids (omega-3 PUFA), and phytoestro-
gens (genistein and daidzein). In dietary supplements, containing
powdered whole plant/plant extract or seed oil, the prominent

* Corresponding author. Tel.: +420 588442896; fax: +420 588442514.
E-mail addresses: alevi@centrum.cz, vidlar@me.com (A. Vidlar).

0944-7113/$ - see front matter © 2013 Elsevier GmbH. All rights reserved.
http://dx.doi.org/10.1016/j.phymed.2013.07.018

metto berries (Serenoa repens), pumpkin seeds (Cucurbita pepo),
flax seeds (Linum usitatissimum), roots of stinging nettle (Urtica
dioica) and silymarin (Silybum marianum) (Demark-Wahnefried,
2008; Ma and Chapman, 2009; Syed et al., 2007). The latter is
often used as a supplement by prostate cancer patients (Kren
and Walterova, 2005; Vidlar et al., 2010). Silibinin, the major
flavonolignan of silymarin, has demonstrated interesting preven-
tive and anticancer properties in prostate cancer animal models
(Klempner and Bubley, 2012). Recently two studies were pub-
lished on the influence of selenium or omega-3 PUFA on PSA
in healthy men. Zhang et al. (2011) reported that a 3-month
supplementation with 200 p.g selenium (in the form of glycinate)
per day increased plasma and erythrocyte glutathione peroxidase
(GPX) and lowered serum PSA. Twelve weeks daily consumption
of omega-3 PUFA (1.12 g of eicosapentaenoic and 0.72 g docosa-
hexaenoic acids) or coenzyme Qo (100 mg) significantly reduced
serum PSA level in healthy men with a PSA < 2.5 ng/ml (Safarinejad
etal. 2012).

The randomized, double-blind pilot trial reported here was
based on the hypothesis that a 6-month daily supplementation
with a selenium and silymarin combination will reduce (i) void-
ing symptoms, (ii) improve urodynamic parameters and (iii) lower
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values for serum PSA more than the components singly. The daily
dose of selenium-yeast (240 p.g) and silymarin (570 mg) was used
based on Vidlar et al. (2010), the selenium dose was based on serum
levels of selenium according to the U-shaped dose response curve
(Dennert et al., 2011).

Materials and methods
Selenium-silymarin mix and placebo

The selenium-silymarin mix (Se-SM) and placebo tablets were
supplied by FAVEA (Kopfivnice, Czech Republic). The Se-SM tablets
contained a combination of 80 pg selenium as L-selenomethionine
in inactivated whole cell yeast (Lalmin® Se2000, Lallemand
Human Nutrition A/S, Birkered, Denmark) and 190mg of sily-
marin (SM) of the following composition (%; w/w): taxifolin 4.13,
silychristin 17.00, silydianin 7.70, silibinin A 23.66, silibinin B
29.01, isosilibinin A+B 11.38, and undefined polymeric components
7.11 (silymarin; lot 040105, Teva Pharmaceuticals Industry LTD,
Opava, Czech Republic), microcrystalline cellulose (250 mg), iso-
malt (60 mg), and hydroxypropyl cellulose (10 mg). The placebo
tablets consisted of microcrystalline cellulose (250 mg), isomalt
(250mg), and hydroxypropyl cellulose (10 mg). The verum and
placebo tablets were coated with hypromellose. The appearance
and organoleptic characteristics of verum and placebo tablets
were identical. The tablets were provided in blister packs labeled
Selenium-Silymarin.

Study volunteers and inclusion/exclusion criteria

Recruitment was carried out between November 2011 and
February 2012 at the Department of Urology, University Hospi-
tal in Olomouc, Czech Republic. A total of 55 non-smoking and
non-alcohol dependent men aged 45-70 years were invited to
participate in the study. All subjects were relatively healthy but
had LUTS and BPH. At the beginning of the study the serum
PSAw: level was 0.18-2.53 ng/ml. None of the volunteers had
food allergies, chronic liver or kidney diseases, gastrointestinal
or metabolic disorder or any other chronic health condition such
as diabetes mellitus identified from the findings of the inter-
view. They were instructed not to change diet or lifestyle during
the study. Exclusion criteria included clinically and/or histopatho-
logically proven prostate cancer, histological findings of acute
or chronic non-bacterial prostatitis, pathological urinary sedi-
ment and positive bacterial cultures of urine. Exclusion criteria
also included: consumption of food rich in soy isoflavonoids,
dietary supplements of any kind, medication with possible
effects on prostate health such as antibiotics, anti-inflammatory
drugs, alpha-1-adrenoreceptor antagonist and 5-alpha-reductase
inhibitors.

Study design

The study was conducted according to the guidelines laid down
in the Declaration of Helsinki. All procedures involving human
subjects were approved by the Ethics Committee of the Univer-
sity Hospital and the Faculty of Medicine and Dentistry, Palacky
University in Olomouc, Czech Republic. The participants signed an
informed consent and were aware of the study goals from the out-
set. They were assigned to placebo (n=29, aged 55.0 &+ 10.0 years)
and Se-SM (n=26, aged 55.0+5.8 years) groups by the simple
(unrestricted) randomization. In the Se-SM group, three tablets
daily were taken at approximately equal intervals throughout the
day for a 6-month period. The placebo group took placebo tablets
(3 tablets/day) for the same duration.

Health investigation, participant compliance and withdrawals

During the health examination on the first day, after 3-months,
and on the last day of the trial the following parameters were
routinely assessed: (i) detailed medical history; (ii) assessment
of all concurrent medical drugs and therapies; (iii) digital rectal
examination; (iv) dietary habits; (v) filling of International Prostate
Symptom Score (IPSS); (vi) urine analysis; (vii) uroflowmetry with
postvoidal residual urine (RV); (viii) kidney and bladder ultra-
sound; and (ix) a blood laboratory analysis. All blister packs
were collected at the second visit and at the end of trial to
check patient compliance. All subjects completed the 6 month
period.

Assessment of LUTS

The volunteers completed the IPSS questionnaire. In addi-
tion to the total IPSS score, each of the seven components
of the questionnaire (feeling of incomplete emptying, fre-
quency, intermittency, urgency, weak stream, hesitancy, and
nocturia) and quality of life (QoL) were used. Uroflowme-
try data: maximal urinary flow rate (Qmax), average urinary
flow rate (Qave) and bladder volume (V) were measured using
FlowMic (Medkonsult, Czech Republic). RV was assessed using
a BK Medical Viking 2400 with abdominal probe 3.5-5MHz.
RV was calculated using the formula for a prolate ellipsoid
(width x length x height x 0.523).

Clinical biochemistry and hematology

Basic biochemical and hematological parameters were deter-
mined in all samples immediately after sampling: sodium,
potassium, chloride, total cholesterol, LDL cholesterol, HDL choles-
terol, triacylglycerols (TAG), apoAl, apoB, C-reactive protein
(CRP), lactate dehydrogenase (LD), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), gamma glutamyl transferase
(GMT), alkaline phosphatase (ALP), urea, creatinine, bilirubin,
and testosterone (TST) using a HITACHI Modular Evo P ana-
lyzer (Hitachi, Japan). PSA in serum was determined using an
Architect type LEIA analyzer (Abbott Laboratories, Abbott Park,
IL, USA). Selected parameters for evaluation of oxidative stress
were determined as total antioxidant capacity (TAC) and total
SH groups in plasma (T-SH), lipid peroxidation products such
as malondialdehyde in plasma (PMDA) and erythrocytes (MDA),
advanced oxidation protein products (AOPP) in plasma; glu-
tathione (GSH); glutathione peroxidase (GPX); catalase (CAT);
glutathione reductase (GSR); glutathione transferase (GST); super-
oxide dismutase (SOD) in erythrocytes as described by Vidlar et al.
(2010). Selenium in plasma was determined by atomic absorp-
tion spectrometry using the AA6300 instrument (Shimadzu, Japan).
Hemoglobin (Hb), hematocrit (Htc), erythrocytes (RBC), throm-
bocytes (PLT) and leukocytes (WBC) were measured in Na,EDTA
blood.

Urinanalysis

Urine samples were collected from a midstream clean catch
and analyzed using the Q200 Automated Urinanalysis System (IRIS
International, Inc., USA).
Statistical methods

Nonparametric Wilcoxon two-sided tests (paired and unpaired)
were used to determine the statistical significance between param-

eter values on day 0 and after 6 months and between the placebo
and Se-SM groups. The level of significance was set at 5%. Values
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Fig. 1. Effect of selenium and silymarin mix on International Prostate Symptoms Score (Total IPSS; A), irritative (B) and obstructive (C) questions during 6 month treatment.
The values are expressed as differences between day 180 and day 0 of study. Se-SM group, black line; placebo group, gray line. *p <0.05 vs placebo group.

Table 1
Baseline demographics and clinical characteristics.
Overall Placebo Se-SM

Age (year) 55.0 + 8.2 55.0 + 10.0 55 +5.8
BMI 27.95 + 3.75 27.51 + 3.55 28.45 + 3.96
QoL 0.91 + 0.87 0.69 + 0.81 1.15 + 0.88
IPSS 6.04 + 4.71 5.69 + 4.93 8.19 + 5.65
PSAcor (pg/l) 1.13 £ 0.85 0.99 + 1.00 1.28 + 0.62
Qmax (ml/s) 18.49 + 6.88 20.10 + 7.10 16.70 + 6.28
Qave (ml/s) 11.92 + 448 13.27 £ 4.54 10.40 £ 3.95
V(ml) 307.6 & 148.1 326.7 + 150.8 286.4 & 144.9
RV (ml) 115+ 198 51+99 18.7 £25.2
Selenium (mol/l) 1.50 + 0.58 1.54 + 0.66 1.42 + 0.49

The values are expressed as mean + SD.
* p<0.05 vs placebo.

are presented as 1st quartile/median/3rd quartile and means + SD.
Box plots and graphs of empirical cumulative distribution
functions were used as graphic illustration of significant differences
in parameters over 6 months.

Table 2

Results

At baseline the groups had similar clinical and demographic
characteristics except for significant differences between the PSAot
value in Se-SM vs placebo group (Table 1).

The Se-SM tablets were well-tolerated with no reported adverse
effects. The key LUTS were evaluated using the IPSS question-
naire (Table 2). All those who received Se-SM showed statistically
significant improvement in total IPSS score, irritation and obstruc-
tion syndrome and quality of life question parts in contrast to
the placebo group (Fig. 1 and Table 2). Parameters of urination
(Qmax, Qave, V, RV) were significantly better only in the Se-SM
group on day 180 (Fig. 2 and Table 3). Hematology values were
unchanged with the exception of significant HTc and PLT increase
in the placebo group which however were within physiological lim-
its (Table 4). The Se-SM group started with a higher mean PSA¢¢
than the placebo group. At the end of trial PSA¢o: significantly
increased in the placebo group (+7.3%). In the Se-SM group the level
of PSAot was lower (—6.3%) (Fig. 4 and Table 5). Both groups had an
almost identical starting plasma selenium concentration (Table 1).

International Prostate Symptom Score (IPSS) and quality of life in placebo and SM-Se groups.

Difference between answer at 6 months and day 0

Placebo Se-SM
Total IPSS 0.276 + 1.980 —-3.385 + 3.073"
Irritation questions 0.207 + 1.521 —1.769 + 1.704°
Obstruction questions 0.069 + 1.223 -1.615 + 2.210
Incomplete emptying 0.034 + 0.499 —0.231 + 0.652
Over the past month, how often have you had a sensation of not emptying your bladder
completely after you finish urinary?
Frequency 0.000 + 0.756 —0.731 + 1.002
Over the past month, how often have you had to urinate again less than two hours after
finished urinating?
Intermittency —0.138 +£ 0.516 —0.577 + 1.065
Over the past month, how often have you found you stopped and started again several
times when you urinated?
Urgency —0.069 + 0.842 —0.385 + 0.941
Over the last month, how difficult have you found it to postpone urination?
Weak stream 0.138 + 0.743 —0.538 + 1.174
Over the past month, how often have you had a weak urinary stream?
Straining 0.034 + 0.680 —0.269 + 0.604
Over the past month, how often have you had to push or strain to being urination?
Nocturia 0.276 + 0.702 —0.654 + 0.846
Over the past month, how many times did you most typically get up to urinate from the
time you went to bed until the time you got up in the morning?
Quality of life 0.069 + 0.593 —-0.731 £ 0.724

The values are expressed as mean + SD.
* p<0.05 vs placebo.
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Fig. 2. Effect of selenium and silymarin mix on uroflowmetry parameter maximal urinary flow rate (Qmax; A), average urinary flow rate (Qaye; B), bladder volume (V; C) and
postvoid residual urine (RV; D) volumes during 6 month treatment. The values are expressed as differences between day 180 and day 0 of study. Se-SM group, black line;
placebo group, gray line. *p <0.05 vs placebo group.

Table 3

Values of uroflowmetry in placebo and Se-SM groups.
Parameter Placebo Se-SM

Day 0 6th month Day 0 6th month

Qmax (ml/s) 15.3/18.7/25.6 13.5/17.7/24.2 14.2/16.6/20.2 15.8/20.4/24.8"
Qave (ml/s) 8.9/13.3/17.2 9.5/12.3/15.8 7.7/10.3/11.4 9.8/12.7/14.5
V(ml) 210.0/323.0/412.2 184.0/257.1/380.0 177.3/287.5/364.0 245.3/305.5/411.5'
RV (ml) 0.0/0.0/6.0 0.0/10.0/20.0° 0.0/10.0/28.5 0.0/0.0/7.5

The values are expressed as 1st quartile/median/3rd quartile

* p<0.05vs day 0.
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Table 4

Parameters of hematology in placebo and Se-SM groups.
Parameter Placebo Se-SM

Day 0 6th month Day 0 6th month

Hb (g/1) 149/153/157 147/154/157 147/158/166 148/157/163
RBC (10'2/1) 4.89/5.03/5.29 4.79/4.97/5.17 4.86/5.00/5.31 4.91/5.06/5.18
WBC (10°/1) 4.75/5.60/6.53 4.94/5.65/6.50 5.21/6.35/6.92 4.82/5.76/7.04
Htc 0.43/0.44/0.46 0.42/0.44/0.45 0.43/0.45/0.47 0.43/0.44/0.47
PLT (10°/1) 178/192/255 178/200/264 196/217/245 193/233/247

Values are expressed as 1st quartile/median/3rd quartile.
* p<0.05vs day 0.

Table 5

Markers of clinical chemistry in placebo and Se-SM groups.
Parameter Placebo Se-SM

Day 0 6th month Day 0 6th month

Na (mmol/l) 138/139/140 138/139/141 139/140/141 139/141/142
K (mmol/l) 4.14/4.25/4.55 4.04/4.19/4.37 4.17/4.36/4.60 4.12/4.31/4.48
Cl (mmol/l) 101/103/104 101/104/107 102/104/106 103/105/106
Urea (mmol/l) 4.5/4.9/5.3 4.5(5.2/5.8 4.23/4.80/5.40 4.53/5.30/5.97
Creatinine (mol/l) 74/78/84 75/82/88 76/80/88 79/87/91
Bilirubin (mol/l) 6/8/10 6/9/12 6.0/7.5/13.0 7.3/10.0/15.3
ALT (pkat/1) 0.39/0.51/0.62 0.40/0.49/0.71 0.48/0.56/0.66 0.45/0.56/0.70
AST (pkat/1) 0.41/0.50/0.58 0.44/0.50/0.61 0.42/0.49/0.59 0.42/0.47/0.57
ALP (pkat/1) 1.31/1.60/1.83 1.24/1.49/1.71 1.11/1.32/1.90 1.12/1.36/1.75
GMT (pkat/1) 0.40/0.54/0.90 0.35/0.52/0.77 0.35/0.58/0.78 0.33/0.64/0.91
LD (pkat/1) 2.47/2.64/2.91 2.51/2.67/2.90 2.69/2.84/3.09 2.52/2.82/3.05
CRP (mg/1) 1/1/2 1/1/1.25 1/1/2 1/1/2
Cholesterol (mmol/l) 4.52(5.27/6.00 4.53/5.00/5.50 4.67/5.03/5.56 4.48/5.08/5.95
TAG (mmol/l) 1.13/1.36/2.26 1.27/1.74/2.20 1.12/1.73/2.31 1.17/1.67/2.23
HDL (mmol/l) 1.12/1.29/1.46 1.01/1.21/1.35 1.15/1.33/1.51 1.15/1.31/1.47
LDL (mmol/l) 2.49/3.22/3.96 2.40/3.08/3.37 2.58/2.91/3.48 2.58/2.99/3.65
ApoA1 (g/1) 1.38/1.49/1.59 1.30/1.38/1.46' 1.38/1.52/1.73 1.38/1.50/1.66
ApoB (g/l) 0.68/0.82/1.08 0.82/0.95/1.08" 0.73/0.84/0.98 0.78/0.94/1.09°
PSAcot (g/1) 0.45/0.71/1.17 0.54/0.71/1.21 0.76/1.19/1.65 0.72/1.15/1.70
PSAs (pg/l) 0.32/0.34/0.96 0.40/0.69/1.21 0.31/0.34/0.51 0.34/0.42/0.48
PSA¢/PSAcot 0.22/0.24/0.26 0.26/0.27/0.30 0.18/0.26/0.29 0.21/0.28/0.32
TST (nmol/l) 15.6/17.5/19.3 14.1/16.8/19.6 14.0/18.6/24.7 14.1/19.5/22.9
Selenium (pmol/l) 1.05/1.42/1.88 0.80/0.91/1.26 1.17/1.33/1.62 1.18/1.71/2.05

The values are expressed as 1st quartile/median/3rd quartile.
" p<0.05 vs day 0.
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Fig. 3. Effect of selenium and silymarin mix on plasma selenium level during 6
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Fig. 4. Effect of selenium and silymarin mix on plasma PSA level during 6 month
treatment. The values are expressed as differences between day 180 and day 0 of
study. The box graphs show the median as the middle line. The box extends from
the 25th to the 75th percentile. *“Median was significantly different from that of the
placebo group (p <0.05).
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GST (pmol/min/g)"
GSR (pmol/min/g)®

9.53/15.50/33.92
3.81/5.66/7.89

8.53/13.14/33.70
4.71/6.61/7.96

8.54/11.21/27.97
4.27/5.74/6.68

Table 6

Markers of oxidative stress in placebo and Se-SM groups.
Parameter Placebo Se-SM

Day 0 6th month Day 0 6th month

PMDA (nmol/g)* 59.13/67.56/75.98 52.14/60.89/73.64 49.98/61.86/76.97 47.19/55.36/78.07
AOPP (pumol/l) 125.5/166.0/221.9 140.6/165.4/203.3 130.5/164.0/205.5 129.5/164.1/208.2
TAC (nA) 5.20/5.94/6.41 5.06/5.74/6.73 4.49/5.90/6.71 4.74/5.74/6.71
T-SH (pmol/g)?* 3.48/4.01/4.34 3.07/3.65/4.68 2.78/3.69/4.57 2.59/3.66/4.30
MDA (nmol/g)® 0.32/0.38/0.45 0.37/0.46/0.54' 0.24/0.42/0.49 0.24/0.42/0.60
GSH (pmol/g)° 10.10/11.33/12.71 10.54/11.41/13.01 9.00/10.48/12.18 9.42/10.93/12.17
SOD (U/g)° 241/2.53/2.85 2.40/2.75/2.96 2.17/2.56/3.00 2.33/2.54/2.92
GPX (wmol/min/g) 21.77/26.25/33.54 23.09/26.83/32.29 19.21/22.71/26.14 19.75/24.91/30.12
CAT (wmol/min/g)" 38.24/123.1/152.56 39.51/135.92/166.16° 42.13/132.62/149.29 48.71/132.45/153.47

8.37/11.42/26.85
5.35/5.92/7.09

The values are expressed as 1st quartile/median/3rd quartile.
2 The value is expressed on g of protein.
b The value is expressed on g of hemoglobin.
" p<0.05vs day 0.

On day 180 the plasma selenium level was significantly lower in the
placebo group. In the Se-SM group the end selenium values were
statistically significant increased (Fig. 3 and Table 5).

In the placebo group, serum levels of cholesterol, HDL, and
apoA1 were significantly decreased while levels of apoB increased
in both groups. The positive effect of selenium-silymarin supple-
mentation on cholesterol metabolism can be traced back to the
stabilization of HDL and apoA1 levels in the Se-SM group (Table 5).

Although changes in the values of several physiological markers
were significantly different after 6 months for both groups, the fluc-
tuation was within normal physiological limits (Table 5). In neither
group did oxidative stress markers reach statistical significance
(Table 6). We found only non-significant higher amounts of lipid
peroxidation products in the placebo and catalase activity in both
groups. From this point of view, the Se-SM group was better pro-
tected against the oxidative stress even though the difference was
not significant.

Discussion

Benign prostatic hyperplasia (BPH) is an age-related, non-
malignant enlargement of the prostate gland and decreased caliber
and force of urination are its classic signs. Poor stream, hesitancy,
terminal dribbling, incomplete voiding and frequent urination,
especially at night are common. These symptoms are collectively
called lower urinary tract symptoms, LUTS (Sausville and Naslund,
2010). PSA is a serine protease with a role in semen liquefaction
(Hernandez and Thompson, 2004). Starting in the late 1980s, serum
PSA determination gained prominence as a means of screening for
prostate cancer but it has low specificity. It remains, however, that
PSAis a clinically useful maker in intervention studies with dietary
supplements and it helps us to evaluate the effects of tested sub-
stances on prostate health (van Weerden and Schroder, 2008).

The plasma selenium concentration found to be associated with
reduction in total prostate cancer risk is 135 ng/ml and recent pub-
lications caution against selenium over-supplementation (Dennert
et al., 2011). Running clinical trials with selenium (e.g. high-
selenium yeast and L-selenomethionine) have been reviewed by
Parnes (2013).

Silymarin is a standardized extract of polyphenolics from the
seeds of Silybum marianum (L.) Gaertn. (Carduus marianus L., Aster-
aceae; milk thistle) and is recommended mostly for liver protection
(Kren and Walterova, 2005). SM is also a respected antioxidant
with cytoprotective and hypocholesterolemic effects (Skottova and
Krecman, 1998; Vidlar et al., 2010). It is well tolerated and no
unpleasant effects or interactions of silymarin with commonly used
drugs are known (Jancova et al., 2007). In vitro and in human

xenografts, prostate anticancer activity of SM and silibinin has been
demonstrated (Gazak et al., 2007; Klempner and Bubley, 2012).
Selenium plays an important role in prostate health and prostate
cancer prevention (Hurst et al., 2012).

This study tested the hypothesis that a 6-month daily supple-
mentation of 240 g selenium-yeast and 570 mg SM would reduce
urination symptoms associated with BPH. The clinical trial con-
firmed that a daily dose of a selenium (in the form of Se yeast)
and SM significantly reduced LUTS. A placebo treatment, how-
ever, did not. In participants taking the Se-SM mix for 6 months,
there was a statistically decrease in the IPSS score (Fig. 1 and
Table 2), in addition a marked improvement in all urodynamic
parameters (Fig. 2 and Table 3). A study on rats showed that the
effect of SM on urinary excretion was similar to potassium-sparing
diuretics (On Alarc de la Lastra et al., 2006). This was confirmed
in this trial as the potassium level was unchanged in the Se-SM
group throughout the experiment. In the placebo group there was
a statistically significant decrease in blood potassium (Table 5).
These results indicate that SM had an effect on urinary excre-
tion. Use of the Se-SM mix also affected serum PSA (Fig. 4 and
Table 5). In the Se-SM group, there was a reduction in the PSA
value (Fig. 4) without an affect on C-reactive protein or testosterone
levels (Table 5). Seidlova-Wuttke et al. (2003) demonstrated that
SM binds is exclusively to the estrogen receptor beta. Recently, we
found that SM modulates endocrine functions by disruption of the
estrogen receptor (Pliskova et al., 2005). This finding could explain
the beneficial effect of silymarin in synergy with selenium on PSA.
The decrease in PSA in the Se-SM group shows that prophylaxis
due to the Se-SM combination may be as effective as 5-alpha-
reductase inhibitor treatment (Tindall and Rittmaster, 2008). The
use of selective 5-alpha-reductase inhibitors has often been linked
to hormone changes associated with unpleasant sexual side effects,
in particular, erectile dysfunction and decreased libido (Giuliano,
2006). Contrary to Zhang et al. (2011), six-month supplementation
with Se-SM mix did not increase erythrocyte GPX activity (Table 6)
even though in the Se-SM group plasma selenium increased after
3 months from 112.5 4+ 38.41 ng/ml to 137.0 +42.2 ng/ml. Then it
was stable until the end of the trial. Our results show that the trial
with the Se-SM mix was safe and not associated with unphysio-
logical levels of serum selenium (136.9 +48.4 ng/ml on day 180),
which was stable around values recommended for prostate cancer
prevention and redox status (Ghiselli et al., 2000).

Conclusions

This trial is the first, to the best of our knowledge, to evaluate
the effects of a Se-SM combination on LUTS specifically in men with
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BPH. It does not provoke unpleasant side effect. The results show
the tested combination was very effective in reducing both void-
ing dysfunction and PSA. In the Se-SM group, no associations were
found between Se-SM consumption and seleno-enzyme activi-
ties. Unlike currently used medication for LUTS, Se—-SM mix has no
adverse effects. Our findings may assist men suffering from LUTS
and also their clinicians, to decide for a treatment that is both inex-
pensive and natural and without side effects. The limitation of this
trial is the small number of subjects.
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5.2 Vliv kombinace silymarinu s argininem na urologické parametry

v o

u zdravych muzi
(studie 2)

Cilem intervencni, zkiiZené a placebem kontrolované klinické studie bylo ovéfit
ucinky 10. denni konzumace nealkoholického piva obsahujictho kombinaci silymarinu
a L-argininu na urodynamické a fyziologické paramentry u 22 zdravych muzi ve véku
38-59 let. Dle vysledkt byla denni davka 400 mg silymarinu a 295 mg L-argininu
v 500 ml experimentdlniho népoje dobrie tolerovdna a bez vlivu na vybrané markery
laboratorni mediciny. Ve srovnéni s placebem nebyl nalezen statisticky vyznamny vliv
experimentdlniho napoje na IPSS skére a parametry uroflowmetrie (tab. 4). Klinicky
zajimavym vysledkem se ukdzalo statisticky vyznamné zvySeni hladiny redukovaného
glutationu v erytrocytech. Bylo experimentalné prokdzano, Ze za ochranu erytrocytl

vici oxidacnimu stresu odpovidaji flavonolignany silymarinového komplexu.

Tab. 4. Vliv 10. denni konzumace placeba/experimentalniho napoje na IPSS skore

den 0 placebo, 10. den | exp. napoj, 10. den
IPSS 2,0 (1,0-5,3) 3,0 (1,0-6,3) 3,0 (1,0-4,5)
Uroflowmetrie
Qmax (ml/s) 26,8 (16,0-32,5) | 23,0 (15,5-31,5) 24,8 (18,7-37,5)
Qave (ml/s) 16,9 (10,1-20,7) | 15 (10,0-19,0) 15,4 (11,6-20,6)
Vol (ml) 349 (219-460) 270 (194-397) 335 (215-461)
Res (ml) 18,0 (0,0-27,0) 11,5 (0,8-29,0) 17,0 (0-35,0)

a parametry uroflowmetrie.
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ABSTRACT

The study objective was to investigate the potential of a beverage containing silymarin and L-arginine to
alter basic physiological and urodynamic parameters in 22 normal healthy men aged 38-59 years. The
volunteers drank 500 ml/day beverage without silymarin and r-arginine for 10 days followed, after a
7-day washout period, by the beverage with 400 mg silymarin and 295 mg r-arginine for 10 days. Blood
and urine samples were collected on days 0, 10 and 27. The beverages were well-tolerated with no
adverse effects. Most of the biochemical, hematological and urodynamic parameters remained
unchanged. Total antioxidant capacity, total level of antioxidants, lipoperoxidation products (malondial-
dehyde), advanced oxidation products of proteins in plasma and glutathione, glutathione peroxidase, glu-
tathione reductase, superoxide dismutase and catalase levels in erythrocytes were not influenced. Serum
v-glutamyl transferase, malondialdehyde level and activity of glutathione S-transferase in erythrocytes
were lowered at day 27 and the concentration of total plasma SH-groups was higher on day 10. Using
an ex vivo system, we found that silymarin/silybin at 10-100 puM is able to adsorb onto human erythro-
cytes and the complexes displayed antioxidant properties as studied using ex situ square-wave voltam-

metry. The trial showed that silymarin in vivo may protect erythrocytes against oxidative damage.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Silymarin, an extract from the seeds of Silybum marianum (L.)
Gaertn. (Carduus marianus L., Asteraceae; milk thistle), was origi-
nally known for its anti-phalloidin activity, and is used in the treat-
ment of various liver disorders (Abenavoli et al., 2010; Wellington
and Jarvis, 2001). The main component of silymarin, silybin (a mix-
ture of two diastereomers A and B in approximately 1:1 proportion,
in the literature also denoted as silibinin) and its congeners such as
2,3-dehydrosilybin, isosilybin, silydianin and silychristin, are re-
spected antioxidants with cytoprotective and hypocholesterolemic

Abbreviations: ALT, alanine aminotransferase; AOPPs, advanced oxidation
protein products; AST, aspartate aminotransferase; GGT, y-glutamyl transferase;
GPX, glutathione peroxidase; GSR, glutathione reductase; GST, glutathione
S-transferase; HBSS, Hank’s balanced salt solution; HDL, high density lipoprotein
cholesterol; IPSS, International Prostate Symptom Score; MDA, malondialdehyde in
red blood cells; NO, nitric oxide; PGE, pyrolytic graphite electrode; PMDA,
malondialdehyde in plasma; PSA, prostate specific antigen; RBC, red blood cells;
SOD, superoxide dismutase; SWV, square-wave voltammetry; TAC, total antioxi-
dant capacity; TAOs, total level of antioxidants; TSH, total SH groups in plasma.

* Corresponding author.
E-mail address: kata.valentova@email.cz (K. Valentova).

0278-6915/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.fct.2013.02.023

effects (Gazak et al., 2007; Kroll et al., 2007; Kfen and Walterova,
2005; Simanek et al., 2000). More recently, silybin derivatives have
attracted attention because of their anticancer activity (Deep et al.,
2012, 2008a, 2008b; Gazak et al., 2011; Kfen and Walterova, 2005)
and due to specific interactions with cell signalling pathways
(Gazak et al., 2007). Silymarin is available on the market in the form
of dietary supplements or phytopharmaceuticals. Various silymarin
preparations are usually standardized based on silybin content,
their major constituent, causing an unfortunate muddling of the
terms silybin, which is a defined chemical substance, and silymarin,
which is a complex mixture (Kroll et al., 2007; Simanek et al., 2000).
Silymarin containing preparations are recommended mostly for li-
ver protection against hepatotoxic substances. The recent literature
describes the anticancer and chemoprotective effects of silymarin
and its components in prostate cancer treatment (Deep et al,
2012; Flaig et al., 2010; Gazak et al., 2007; VidIar et al., 2010). No
side effects or interactions of silymarin with commonly used drugs
are known (Jancova et al., 2007). Its effects in the organism are lim-
ited owing to low water solubility and poor bioavailability. Efforts
to increase the solubility of silymarin and its components include
preparation of derivatives, e.g. glycosides (Kosina et al., 2002), gal-
lates (Gazak et al., 2011), silybin dihydrogen disuccinate disodium
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salt for parenteral application (Mengs et al., 2012) and complexes
with phosphatidylcholine (lecithin, Flaig et al., 2010; Kidd and
Head, 2005; Morazzoni et al., 1993) or B-cyclodextrine (Voinovich
et al.,, 2009). In clinical trials, silymarin is usually applied in various
forms, including pills, capsules (El-Kamary et al., 2009; Valentova
et al., 2008; Vidlar et al., 2010) and powdered form mixed with
applesauce (Flaig et al., 2010).

Recently, one of us developed water-soluble combinations of
silymarin with basic amino-acids (i-lysine, L-histidine, L-arginine
and r-ornithine, Stuchlik and Kopenec, 2008b) usable in formula-
tions of beer and beer-based non-alcoholic beverages (Stuchlik
and Kopenec, 2008a). Of these L-arginine (2-amino-5-guanidino-
pentanoic acid) is an important, versatile and conditionally essen-
tial amino acid. Besides serving as a building block for tissue
proteins, arginine plays a critical role in ammonia detoxification,
nitric oxide (NO) and creatine production. It is recommended as
an immune, vitality and performance enhancer (Bescos et al.,
2012). In the lower urinary tract, NO targets various cells, including
detrusor smooth muscle cells, striated muscles involved in the uri-
nary sphincter, interstitial and epithelial cells in the bladder, and
vascular smooth muscle cells in the urethra (Stothers et al.,
2003). This double-blind cross-over intervention trial aimed to
investigate the effect of a non-alcoholic beverage containing silym-
arin and r-arginine on metabolic and urological parameters in
healthy men.

2. Materials and methods
2.1. Chemicals

Unless otherwise indicated, all reagents and materials used in this work were
obtained from Sigma-Aldrich (St. Louis, MO, USA). Silybin (CAS No. 22888-70-6;
88%) and silymarin (lot 040105, of the following composition (%; w/w): taxifolin
4.13, silychristin 17.00, silydianin 7.70, silybin A 23.66, silybin B 29.01, isosilybin
A+B 11.38 (total 60% of flavonolignans) and undefined polymeric components
7.11% were from TEVA Pharmaceuticals CR, Ltd. (Opava, Czech Republic).

2.2. Characterization of the tested and control beverage

Five hundred milliliters of the tested beverage contained a mixture of silymarin
(400 mg) with 295 mg of 98% L-arginine (molar ratio 1:2) in an alcohol-free beer-
based beverage. The mean dose of silymarin and r-arginine was 4.3 and 3.1 mg/
kg of body weight. The chemical composition of the tested and control beverages
was determined by the Research Institute of Brewing and Malting in Prague and
by the Institute of Microbiology of the Academy of Sciences of the Czech Republic
and is given in Table 1.

2.3. Study design

Recruitment and data collection were performed between January and March
2012 at the Department of Urology, University Hospital in Olomouc, Czech Repub-
lic. The study was conducted according to the guidelines laid down in the Declara-
tion of Helsinki and all procedures involving human subjects were approved by the
Ethics Committee of the University Hospital and the Faculty of Medicine and Den-
tistry, Palacky University in Olomouc, Czech Republic. All participants signed an in-
formed consent and they were aware of the study goals before any study
procedures were initiated. The subjects drank the control beverage (500 ml/day)
for the first 10 days. After a washing period of 7 days, they consumed the tested
beverage with silymarin and r-arginine (500 ml/day) for 10 consecutive days
(Fig. 1). Venous blood and midstream urine samples were collected on days 0, 10
and 27, about 20 h after the last drink. Plasma, red blood cells and urine samples
were stored at —80 °C prior to analysis of oxidative stress parameters (Table 3)
and metabolites.

2.4. Study subjects and inclusion/exclusion criteria

Twenty-two healthy non-smoking and non-alcohol dependent men aged 38-
59 years (49.9 6.0 years, BMI 26.2 + 3.9, prostate specific antigen (PSA) value
0.92 + 0.44 ng/ml) were recruited. Exclusion criteria were age (<35 or >60), dis-
ease including diabetes mellitus, and all kinds of dietary supplements, hepatopro-
tective drugs and medication that might interfere with lipid metabolism, one
week before the beginning and throughout the trial.

Table 1
Chemical composition of the tested and control beverage.
Tested Control
Original extract (% w/w)* 2.73 2.73
Final attenuation (%)? 222 222
Bitterness (JH)? 24 24
Head retention (S/30 mm)* 255 253
Si (mg/1)® 46 48
Alcohol (%) 0.49 0.49
Energetic value (KkJ/1)* 88.55 78.52
1-arginine (mg/1) 590 -
Phenolics (mg/1)* 890° 90°
Gallic acid® 0.04 0.04
Protocatechuic acid® 0.03 0.03
Gentisic acid® 0.02 0.02
4-Hydroxybenzoic acid® 1.86 1.86
Aesculin® 2.12 2.12
4-Hydroxyphenylaceticacid® 0.25 0.25
Catechin® 0.22 0.22
Vanilic acid® 023 0.23
Chlorogenic acid? 0.14 0.14
Caffeic acid® 0.05 0.5
Syringic acid® 0.08 0.08
Vanillin® 0.01 0.01
p-Coumaric acid? 0.15 0.15
Ferulic acid® 0.75 0.75
Sinapic acid?® 0.18 0.18
Rutin® 0.32 0.32
4-Hydroxycoumarin® 283 283
Naringin® 2.32 2.32
Myricetin 0.005 0.005
Quercetin?® 0.01 0.01
Apigenin® 0.05 0.05
Biochanin A? 2.08 2.08
Umbelliferone® 0.04 0.04
Scopoletin® 0.16 0.16
Silymarin: 800 -
Silychristin® 183.2 -
Silydianin® 47.2 -
Silybin A” 186.4 -
Silybin B® 300 -
Isosilybin A" 65.6 -
Isosilybin B® 17.6 -

¢ Determined using standard operation protocols of the Research Institute of
Brewing and Malting in Prague, Czech Republic.

b Determined by HPLC-DAD (column Chromolith Performance RP C18
(100 x 3 mm), mobile phase (CH;CN/CH30H/H,O/HCOOH, 2/37/61/0.05, 1 ml/min,
25°C and detection at 285 nm) at the Institute of Microbiology of the Academy of
Sciences of the Czech Republic.

¢ Total content of phenolics including all compounds below.

ADAPTATION WASHOUT INTERVENTION
) (Control beverage ) ) (Tested beverage) :
10 days ’A'r 7 days 10 days g
sample sample sample
collection collection collection

DIETARY RESTRICTION

Fig. 1. Design of the intervention study.

2.5. Health investigation

During the health examination on the days 0, 10 and 27, the following param-
eters were routinely assessed: (i) detailed medical history; (ii) assessment of any
concurrent medical drug or treatment; (iii) dietary habits; (iv) quality of life score
(QoL); (v) urinanalysis; (vi) routine blood analysis. Kidney and bladder ultrasound
was performed on day 0.

2.6. Clinical biochemistry and hematology

Basic biochemical and hematological parameters were determined in all sam-
ples immediately after sampling: total cholesterol, low-density lipoprotein (LDL)
cholesterol, high density lipoprotein (HDL) cholesterol, triacylglycerols, C-reactive
protein, alanine aminotransferase (ALT), aspartate ami@p8ansferase (AST),
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v-glutamyl transferase (GGT), urea, creatinine, and bilirubin, using a HITACHI Mod-
ular Evo P analyzer (Hitachi, Japan). PSA in serum was determined using an
Architect type LEIA analyzer (Abbott Laboratories, Abbott Park, IL, USA). Selected
parameters for evaluation of oxidative stress were determined as total level of
antioxidants (TAOs), total antioxidant capacity (TAC) and SH groups (TSH) in
plasma, lipid peroxidation products such as malondialdehyde in plasma (PMDA)
and red blood cells (MDA), advanced oxidation protein products (AOPPs) in plasma;
glutathione; glutathione peroxidase (GPX); catalase; glutathione reductase (GSR);
glutathione S-transferase (GST); superoxide dismutase (SOD) in red blood cells as
described previously (VidIar et al., 2010). Hemoglobin, hematocrit, red blood cells
(RBC), platelets and white blood cells were measured in K,EDTA blood.

2.7. Urinanalysis

Urine samples were collected from a midstream clean catch and analyzed using
the 1Q200 Automated Urinanalysis System (IRIS International, USA). Urination
parameters including the International Prostate Symptom Score (IPSS) and voiding
parameters (rate of urine flow, average flow, total volume and post void residual
volume) were measured as well.

2.8. HPLC determination of silybin and its conjugates in blood plasma

HPLC determination of free and total (free and conjugated) silybin as the main
silymarin component was carried out in blood plasma of volunteers before and after
intervention as described previously (Kfen et al., 2000; Wen et al., 2008).

2.9. Binding of flavonolignans to red blood cells

Freshly collected non-fasting human blood in EDTA was obtained by consent
from one of the healthy volunteers. The samples of whole blood with silymarin
(silybin) were prepared as described (Koren et al., 2010). Briefly, aliquots of whole
blood were incubated for 10 min at room temperature with silybin, silymarin (10
and 100 pM, dissolved in DMSO) and/or L-arginine (20 and 200 pM). The red blood
cells were then collected by repeated centrifugation at 500g (up to 12 times) in
Hank’s balanced salt solution (HBSS). Aliquots of the red blood cell suspension,
(50 pl of red blood cells + 50 pl HBSS), and acquired supernatants were analyzed
separately using ex situ square-wave voltammetry.

2.10. Ex situ square-wave voltammetry (SWV)

Pyrolytic graphite electrode (PGE, working electrode) was first dipped into 5-pul
aliquot of the studied sample (red blood cell suspension and/or supernatant, see
above). After an accumulation period of 60 s, PGE was washed by deionized water
and placed in an electrochemical cell containing supporting electrolyte: Britton-
Robinson buffer (pH 7.4). SWV parameters: initial (0 V) and end (+1.5 V) potential,
frequency 200 Hz, step potential 5 mV, amplitude 25 mV. SWV was performed at
room temperature with a pAutolab III analyzer (EcoChemie, NL) in a three-electrode
setup (Ag/AgCl/3M KCl electrode as a reference and platinum wire as an auxiliary
electrode). For other details (see Zatloukalova et al., 2011).

2.11. Statistics

Data were analyzed using the SPSS statistical software version 15 (SPSS Inc.,
Chicago, USA). Normality of data was assessed using Shapiro-Wilk test. Student
paired t-tests with Benferroni correction of significance were used for normative
data. The Friedman test and Wilcoxon paired test with Benferroni correction were
used for non normative data. Differences were evaluated between values of param-
eters on days 0, 10 and 27. The level of significance was set at 5%. Values are pre-
sented as 25th percentile/median/75th percentile.

3. Results and discussion
3.1. Safety evaluation

A total of 22 participants were recruited for this double-blind
controlled cross-over study. All the participants fulfilled the inclu-
sion criteria, their physical and ultrasound examination revealed
no chronic or acute disease and their biochemical, hematological
and urodynamic parameters were within the normal range (Ta-
ble 2). The study design is shown in Fig. 1; the drop-out rate was
zero.

The drink was well-tolerated with no reported adverse effects
and the sensory properties were acceptable. Most of the biochem-
ical, hematological and urodynamic parameters remained un-
changed, as well as the international prostate symptom score

(p < 0.05, Table 2). The results were in accord with previous studies
with silymarin on human and animal subjects (El-Kamary et al.,
2009; Krecman et al., 1998; Skottova and Krecman, 1998; Skottova
et al., 2004; Tedesco et al., 2004; Valentova et al., 2008; Vidlar
et al., 2010). In the case of L-arginine, our dose of 295 mg/day
was lower than the typical regular dietary intake of about 4-5g
and doses as high as 14.2 g/day that have been safely used in
long-term intervention studies (180 days, Bescos et al., 2012). In
addition, no adverse effects of the beverage on the lower urinary
tract were found in the present trial.

Beverages supplemented with silymarin therefore seem to be
an interesting alternative way to supply medium doses of this
phytopharmaceutical.

3.2. Antioxidant status

3.2.1. Serum/plasma

The activity of serum y-glutamyl transferase (GGT) was reduced
(p=0.004) on day 27 vs. day 10 (Table 2, Fig. 2A). This enzyme cat-
alyzes the transfer of the y-glutamyl moiety of glutathione to an
acceptor and is found in many tissues, especially in the liver, and
usually serves as a marker of liver damage (Whitfield, 2001).
GGT plays a key role in the y-glutamyl cycle, a pathway for the
synthesis and degradation of glutathione (Whitfield, 2001) but it
can also have prooxidant activity and membrane-bound GGT is
now recognized as a source of low levels of reactive oxygen species
(Dominici et al., 2005; Pompella et al., 2007). GGT is considered a
sensitive biomarker of hepatic dysfunction and alcohol abuse. Re-
cently, GGT levels were shown to be positively associated with
the risk of the metabolic syndrome independently of alcohol con-
sumption (Liu et al., 2012). In contrast, decrease in GGT activity
is not linked with any human pathology and we focused our atten-
tion on selected markers of oxidative stress in order to evaluate the
significance of this decrease.

Total antioxidant capacity, total level of antioxidants, lipoperox-
idation products (malondialdehyde) and advanced oxidation prod-
ucts of proteins in blood plasma were not increased during the trial
(Table 3) and neither free nor conjugated silybin was detected in
the plasma samples (not shown). Silymarin components are
in vivo quickly metabolized by phase I and particularly phase II en-
zymes (Jancova et al., 2007) and it was thus impossible to find
detectable levels hours after the last dose of the tested beverage.
We found a significant increase in total plasma SH-groups on day
10 compared to day O (p =0.012, Table 3, Fig. 2B), i.e. after con-
sumption of the control drink. This may be attributable to other
components of the beverage, particularly polyphenols originating
in hops and malt (Arranz et al., 2012) or to improved water intake.

3.2.2. Red blood cells

In red blood cells, glutathione level, glutathione peroxidase, glu-
tathione reductase, superoxide dismutase and catalase activities
were not altered by the trial. In contrast, the activity of glutathione
S-transferase (GST) at the end of the trial was lowered vs. day 0
(p=0.012, Table 3, Fig. 2C). Some flavonoids have been shown to
have inhibitory effects on GST (BouSova et al., 2012; BouSova and
Skalova, 2012). GST plays a crucial role in the detoxification of
xenobiotics and GST inhibition/induction may affect their metabo-
lism. This should be considered in interactions with drugs and tox-
ins (e.g., acetaminophen, simvastatin, cyclophosphamide, cisplatin,
polycyclic aromatic hydrocarbons, chlorpyrifos, acrylamide, and
isocyanates), which are GST substrates (BouSova and Skalova,
2012).

Finally, the level of lipoperoxidation products was decreased by
a factor of 1.5 on day 27 vs. both days 10 and 0 (p =0.005 and
0.0004, Table 3, Fig. 2D). This finding is in good agreement with
the discovered protective effect of various polyphedds including
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Table 2
Parameters of uroflowmetry, hematology, and clinical biochemistry before (day 0) and after (day 10) adaptation and after intervention (day 27).
Day O Day 10 Day 27

Uroflowmetry

IPSS 2.0 (1.0-5.3) 3.0 (1.0-6.3) 3.0 (1.0-4.5)

Qunax (ml/s) 26.8 (16.0-32.5) 23.(15.5-31.5) 24.8 (18.7-37.3)

Qave (ml/s) 16.9 (10.1-20.7) 15.0 (10.0-19.0) 15.4 (11.6-20.6)

Urine volume (ml)
Residual volume (ml)
Hematology
Hemoglobin (g/1)

Red blood cells (10'2/1)
White blood cells (10°/1)
Platelets (10°/1)
Hematocrite

349 (219-460)
18.0 (0.0-27.0)

153 (148-160)
4.87 (4.69-5.20)
6.01 (4.59-7.28)
241 (205-275)
0.44 (0.43-0.46)

Clinical biochemistry
Creatinine (LM)
Urea (mM)
Bilirubin (pmol/l)

77.5 (68.0-86.3)
5.00 (4.43-5.53)
10.5 (7.0-14.3)

ALT (pkat/1) 0.53 (0.44-0.76)
AST (pkat/l) 0.43 (0.37-0.58)
GGT (pkat/1) 0.68 (0.43-0.92)
C-reactive protein 1.50 (0.65-2.95)
Cholesterol (mmol/l) 5.62 (4.54-6.12)
Triacylglycerols (mmol/l) 1.49 (0.99-2.44)
HDL (mmol/l) 1.33 (1.14-1.50)
LDL (mmol/l) 3.47 (2.63-4.02)
Glucose (mmol/l) 5.40 (4.88-6.10)

270 (194-397)
11.5 (0.8-29.0)

152 (146-158)
4.94 (4.63-5.10)
6.47 (4.93-7.26)
235 (197-264)
0.44 (0.42-0.46)

76.0 (68.8-85.0)
4.80 (4.50-5.68)
10.0 (8.8-12.0)

0.57 (0.43-0.72)
0.44 (0.38-0.63)
0.71 (0.39-1.14)
1.75 (0.62-2.63)
5.70 (4.61-6.16

1.33 (1.14-1.59

335 (215-461)
17.0 (0.0-35.0)

150 (146-157)
4.86 (4.63-5.11)
6.32 (4.46-7.18)
238 (218-274)
0.43 (0.42-0.45)

78.0 (71.8-85.0)
4.85 (4.30-5.90)
10.0 (6.8-12.3)

0.51 (0.47-0.65)
0.48 (0.38-0.52)
0.66 (0.38-0.91)
1.53 (0.65-3.40)
5.54 (4.54-6.24)
1.65 (1.00-2.37)

)
1.54 (1.18-1.89)
)
)

3.57 (2.17-3.94
5.40 (5.20-5.83)

3.41 (2.62-4.02)

(
(
1.33 (1.14-1.52)
(
5.25 (4.78-6.20)

Data are expressed as medians (interquartile range).
Bold values were significantly different.
2 p=0.004 vs. day 10.
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Fig. 2. Effect of the intervention on serum y-glutamyl transferase (A), total plasma SH-groups (B), glutathione S-transferase (C) and malondialdehyde (D) in red blood cells

(RBCs); p < 0.05.

silybin against red blood cell lipid peroxidation in vitro (Alvarez-
Suarez et al., 2012; Duchnowicz et al.,, 2012; Kosina et al., 2002)
and the protective effects of silymarin against high-sucrose in-
duced oxidative stress in rats (Skottova et al., 2004). In human sub-
jects, this protective effect is described here for the first time.

As the main effect of the trial was protection of red blood cells
against oxidative damage (Table 3), we investigated the interac-
tions of flavonolignans with erythrocytes ex vivo. It has been
shown recently that erythrocytes can form complexes with

polyphenols and thus participate in protection against cell damage
induced by reactive oxygen species (Ginsburg et al., 2011; Koren
et al., 2010). Here, we found that silymarin and its main compo-
nent silybin bind to erythrocytes and the complex displayed anti-
oxidant properties as studied using ex situ square wave
voltammetry (SWV). For evaluation of silymarin binding to eryth-
rocytes, we observed the oxidation peak 1 of silybin (E; =+0.5V)
after adsorption of purified silymarin-erythrocyte complex (see
Section 2.9) onto working electrode, i.e. PGE (Fig4 g). The peak 1
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Table 3

Parameters of oxidative stress in plasma and red blood cells before (day 0) and after (day 10) adaptation and after intervention (day 27).

Day 0 Day 10 Day 27

Plasma
TAC (mA x 10°) 3.02 (2.39-3.51) 3.01 (2.53-3.58) 2.67 (2.24-3.61)
TAOs (mmol/l) 1.77 (1.69-1.88) 1.68 (1.62-1.81) 1.63 (1.63-1.75)
TSH (mmol/g) 1.95 (1.59-2.27) 2.04 (1.50-2.53) 2.25 (1.90-2.51)
PMDA (nmol/g) 20.8 (17.1-24.9) 22.9 (18.3-25.5) 224 (18.8-32.5)

AOPP (mmol/g)

Red blood cells (RBC)
MDA (umol/g)
Glutathione (umol/g)

201 (158-299)

0.54 (0.48-0.57)
9.07 (8.43-9.97)

SOD (U/g) 3.00 (2.86-3.10)
GPX (U/g) 29.3 (23.7-34.8)
Catalase (U/g) 7.96 (7.33-8.52)
GST(pkat/g) 5.24 (4.00-5.88)
GSR (pkat/g) 3.94 (2.85-4.75)

191 (155-325) 213 (184-258)

0.36 (0.33-0.42)°

0.54 (0.37-0.62) )
8.87 (8.22-9.55)
)
)

(
8.88 (8.58-9.47
2.93 (2.86-3.20
33.8 (24.5-36.5
(
(
(

)
) 3.02 (2.82-3.15
)

7.62 (7.29-8.18)
)
)

32.8 (23.3-39.6

7.68 (7.22-8.44)
3.99 (3.13-5.38)°
3.99 (2.81-4.72)

4.44 (3.46-5.56
3.83 (2.67-4.63

Data are expressed as medians (interquartile range).
Bold values were significantly different.

4 p=0.012 vs. day 0.

b p=0.0004 vs. day 0 and 0.005 vs. day 10.
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Fig. 3. (A) Square-wave voltammograms of human red blood cells (RBC) associated with silymarin (SMN) components under ex vivo conditions. (B) The percentage
representation of silybin oxidation peak 1 height in analyzed samples, n = 6. For other details see Section 2.10.

of silybin is attributed to oxidation of its hydroxyl group at C20
(Zatloukalova et al., 2011). The immobilization of erythrocytes,
eventually their complexes with silymarin, onto PGE surface is a
spontaneous adsorption process. This statement is in good agree-
ment with other findings showing the ability of erythrocytes to
bind to several artificial surfaces (see Absolom et al., 1985). The
silybin peak 1 was observed after silymarin binding to erythro-
cytes, which indicates that silymarin components may be subject
to oxidation, and thus act as antioxidants, not only free in solution
but also after binding to erythrocyte membranes (Fig. 3A). Never-
theless, the complex formed was unstable and subsequently disso-
ciated. Following prolonged washing procedure (see Section 2.9), a
decrease in silybin peak 1 could be observed, which is consistent
with the reversible (quasi-reversible) binding of flavonoids to cell
membranes and proteins (Cao et al., 2012; Hendrich, 2006). Non-
treated erythrocytes (control) and/or erythrocytes incubated only
with r-arginine did not provide the peak 1 under the same exper-
imental conditions (Fig. 3B). In addition to the silybin peak 1, many
other peaks can be observed in SW voltammograms of silymarin,
which most probably indicates the oxidation of other silymarin
components such as flavonols around +0.2 V (Zatloukalova et al.,
2011). Several oxidation peaks were also observed for non-treated
erythrocytes which corresponds to the oxidation of the integral
components of the cell membrane and a broad spectrum of

compounds attached to the erythrocyte membranes in a native
state (Fig. 3A). On the basis of the results, we assume that the flav-
onolignans in the silymarin complex may interact with the eryth-
rocyte membrane and provide protective effects there. Modulation
of oxidative stress via flavonolignan binding to cell surface recep-
tors cannot be excluded as well (Gazék et al., 2007). In this trial,
the above described interaction was probably responsible for
lowering the MDA and glutathione S-transferase in red blood cells.

4. Conclusion

A daily dose of 400 mg silymarin and 295 mg L-arginine in a
non-alcoholic beer-based beverage for 10 days was well tolerated
and had no adverse effects. Such beverage can therefore serve as
an alternative way for silymarin supplementation. We found that
the beverage had a protective effect on red blood cells. This was
confirmed by the ex vivo ability of silymarin to bind on red blood
cell membranes. These results imply that silymarin in the organ-
ism acts to protect against oxidative erythrocyte damage.
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5.3 Vliv kombinace silymarinu se selenem na muze po radikalni
prostatektomii

(studie 3)

V dvojité slepé, randomizované a placebem kontrolované studii byl ovérovan
ucinek kombinace 570 mg silymarinu a 240 pg selenu (v formé L-selenometioninu)/den
na muze 2. mésice po radikalni prostatektomii. Do studie bylo zarazeno celkem 37
muzu, ktefi byli randomizovani do dvou skupin (placebo a SM-Se). Studie trvala 180
dni.

Pozitivni efekt kombinace SM-Se byl pozorovan na kvalitu zivota (obrazek 4),
lipidovy metabolismus a zvyseni nebo normalizaci hladiny selenu. Studie neprokazala
v literatuie popsany ucinek na snizeni hladiny PSA (viz Schroder et al., 2005).
Vysledky studie prokazaly, ze dlouhodobé uzivani kombinace SM-Se muze byt
prospésné u muzii po radikdlni prostatektomii s rizikem biochemického néavratu

karcinomu prostaty.

DIFFERENCES T3-T1

placebo SM-Se

Obr. 4. Vliv SM-Se na hodnoty kvality zivota (QoL) ve skupin¢ placebo a SM-Se.
Hodnoty jsou vyjadieny jako rozdil mezi dnem 180 (T3) a dnem 0 (T1) studie.
p < 0,05 SM-Se vs. placebo skupina
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Background. Silymarin, a milk thistle flavonolignan mixture, has anti-proliferative and anti-angiogenic activities in
xenografts of human prostate cancer (PCa). Low dietary selenium on the other hand has been associated with increased
incidence of PCa. The purpose of the current trial was to determine whether a daily administration of a silymarin and
selenium (SM-Se) combination for 6 months would alter basic clinical chemistry and oxidative stress markers, and
improve the quality of life score (QoL) in men after radical prostatectomy (RP).

Methods. Thirty seven participants, 2-3 months after RP, were randomly assigned to receive 570 mg of silymarin
and 240 pg of selenium as selenomethionine (n = 19, SM-Se group) or placebo (n = 18, Placebo group) daily for six
months. Both groups had similar clinical and demographic characteristics. Physical examination, QoL score, haema-
tology, basic clinical chemistry and oxidative stress markers, selenium and testosterone levels, antioxidant status were
evaluated at baseline, at 3 and 6 months.

Results. The six months administration of silymarin and selenium improved the QoL score, decreased low density
lipoproteins (LDL) and total cholesterol and, increased serum selenium levels. The combination had no effect on
blood antioxidant status and no influence on testosterone level. No adverse events were recorded. No improvement

was found in the placebo group.

Conclusions. The selected combination of silymarin and selenium significantly reduced two markers of lipid me-
tabolism known to be associated with PCa progression, LDL and total cholesterol in the blood of men after RP. This
suggests that this combination may be effective in reducing PCa progression.

INTRODUCTION

Prostate cancer (PCa) is the third leading cause of
cancer death after colon/rectum and lung cancer in
Europe'. The pathogenesis of PCa reflects hereditary,
environmental and dietary components?. The latter are
mainly dietary fats and calcium which may contribute
to prostate cancer risk**. In recent years there has been
an increasing interest in the potential chemopreventive
properties of dietary components that may protect against
prostate cancer*. Dietary factors proposed to decrease the
risk of PCa are isothiocyanate sulforaphane and indole-3-
carbinol in cruciferous vegetables, green tea polyphenols,
particularly (-)-epigallocatechine-3-gallate, isoflavons gen-
istein and daidzein found mainly in soybeans, long-chain
n-3 polyunsaturated fatty acids, mixed tocotrienols and
lycopene, the major carotenoid in tomatoes. In the litera-
ture, there are various opinions on the relation between
the essential trace nutrient selenium acquired from nor-
mal dietary intake and the risk of PCa’. However, large

studies have confirmed that selenium supplementation
reduces the risk of PCa, particularly in men with low
serum selenium levels*®. The above-mentioned compo-
nents are all nutraceuticals. Of phytoceuticals, only the
extract from the seeds of milk thistle (Silybum marianum)
silymarin and its major constituent, silibinin have shown
efficacy in arresting human prostate carcinoma prolifera-
tion in a number of in vitro and in vivo preclinical models’.
Silibinin blocks tumor cell proliferation® and angiogenesis.
The latter is inhibited possibly by silibinin reduction of
basic fibroblast growth factor and vascular endothelial
growth factor®.

Radical prostatectomy (RP) offers the best chance
of curing prostate cancer. Unfortunately however, some
patients have elevated levels of prostate-specific antigen
(PSA) even after surgery. For this reason we hypothesized
that a combination of silymarin and selenium (SM-Se)
might be effective in reducing PCa progression. The
aim of the present study was to evaluate the safety and
tolerability of a 6 months daily consumption of 570 mg
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silymarin and 240 ug selenium as a potential dietary sup-
plement to be used in the tertiary prevention in patients
after RP.

MATERIALS AND METHODS

Characteristics of study drug and placebo. The study
preparations were manufactured according to Good
Manufacturing Practise (GMP) by FAVEA (Kopfivnice,
Czech Republic). The SM-Se tablet contained 190 mg si-
lymarin (lot 040105, TEVA Pharmaceutical Company,
Opava, Czech Republic) of the following composition (%;
w/w): taxifolin 4.13, silychristin 17.00, silydianin 7.70, sili-
binin A 23.66, silibinin B 29.01, isosilibinin A+B 11.38,
and undefined components 7.11; 80 ug selenium as se-
lenomethionine (Lalmin® Se2000, Lallemand Human
Nutrition A/S, Birkered, Denmark); microcrystalline
cellulose (250 mg), isomalt (60 mg), and hydroxypropyl
cellulose (10 mg). The placebo tablet consisted of mi-
crocrystalline cellulose (250 mg), isomalt (250 mg), and
hydroxypropyl cellulose (10 mg). The SM-Se and placebo
tablets were coated with hypromellose, hydroxypropyl cel-
lulose, talc, titanium dioxide, and caramel.

Study Design. A 6 months double blind placebo con-
trolled trial was designed to assess the effect of a silymarin
and selenium combination on patients after RP. The
study protocol was approved by the Ethics Committee
of the University Hospital and the Faculty of Medicine
and Dentistry, Palacky University in Olomouc, Czech
Republic. All of the participants signed an informed con-
sent before any study procedures were initiated. The study
took place from August 2007 to September 2008 at the
Department of Urology, University Hospital in Olomouc,
Czech Republic.

Study Subjects. Thirty seven men after RP, 51 to 72
years old, were invited to participate in the study. All
subjects entering the study were 2 or 3 months after RP.
Exclusion criteria included no nutrients, vitamins and
minerals such as lycopene, vitamin E, selenium or herbal
products with possible effects on prostate health, antibiot-
ics, anti-inflammatory drugs, a-blockers and So-reductase
inhibitors, intake of a vegetarian diet rich in isoflavonoids,
history of food allergies, chronic liver or kidney diseas-
es, gastrointestinal, or metabolic disorder or any other
chronic health condition such as diabetes identified from
the findings of the interview. Participants were randomly
divided into two groups: Placebo (n = 18, aged 65.0 = 3.9
years) and SM-Se (n = 19, aged 62.4 + 6.4 years). They
were instructed not to consume food rich in phenolics or
make dietary or lifestyle changes during the study. In the
SM-Se group, three tablets daily were given at approxi-
mately equal intervals throughout the day for a 6-month
period. The placebo group received placebo tablets (3
tablets/day).

Health Investigation. During the health examination
on the first day, after 3-months, and on the last day of
study the following parameters were routinely assessed:
(i) detailed medical history; (ii) assessment of all concur-
rent medical drug and therapies; (iii) dietary habits; (iv)
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quality of life score (QoL); (v) urinanalysis; (vi) kidney
and bladder ultrasound; and (vii) a routine blood analy-
sis.

Clinical Biochemistry and Hematology. Basic biochemi-
cal and hematological parameters were determined in all
samples - sodium, potassium, chlorides, total cholesterol,
low-density lipoprotein (LDL) cholesterol, high density
lipoprotein (HDL) cholesterol, triacylglycerols (TAG),
apolipoprotein A1 (ApoAl), apolipoprotein B (ApoB),
C-reactive protein (CRP), lactate dehydrogenase (LD),
alanine transaminase (ALT), aspartate transaminase
(AST), gamma glutamyl transferase (GMT), alkaline
phosphatase (ALP), urea, creatinine, bilirubin, and testo-
sterone (TST) using a HITACHI Modular Evo P analyzer
(Hitachi, Japan). Prostate specific antigen (PSA) in se-
rum was determined using an Architect type LEIA analyz-
er (Abbott Laboratories, Abbott Park, IL, USA). Selected
parameters for evaluation of oxidative stress were deter-
mined as total antioxidant capacity (TAC) and SH groups
in plasma (SHG, ), lipid peroxidation products such as
malondialdehyde in plasma (PMDA) and erythrocytes
(MDA), advanced oxidation protein products (AOPP)
in plasma; glutathione (GSH); glutathione peroxidase
(GPX); catalase (CAT); glutathione reductase (GSR);
glutathione transferase (GST); superoxide dismutase
(SOD) in erythrocytes as described by Vidlar et al."”
Selenium in plasma was determined by atomic absorption
spectrometry using the AA6300 instrument (Shimadzu,
Japan). Hemoglobin (Hb), hematocrit (Htc), erythrocytes
(RBC), thrombocytes (PLT) and leukocytes (WBC) were
measured in Na,EDTA blood. Urinanalysis. Urine samples
were collected from a midstream clean catch and analyzed
using the 1Q200 Automated Urinanalysis System (IRIS
International, USA).

Statistics. Data were analyzed using software R.
Nonparametric Wilcoxon two-tailed tests (paired-sample
and two-sample) were used to determine any statistical-
ly significant differences between values of parameters
on day 0 and after 6 months for the two groups. The
level of significance was set at 5%. Values are presented
as 1st quartile/median/3rd quartile or mean + standard
deviation. Box plots and graphs of empirical cumulative
distribution functions are used as graphic illustration of
significant differences in progression during 6 months
between the Placebo and SM-Se groups.

RESULTS

Patients were recruited from August 2007 to March
2008, 37 men with a history of PCa and 2-3 months af-
ter radical prostatectomy participated in this randomized
double-blind, placebo-controlled study. The baseline clini-
cal and demographic characteristics are shown in Table 1
for all subjects and two randomization groups. The daily
dose of silymarin and selenium was 570 mg and 240 pg
respectively or placebo. Patients who received the combi-
nation of both components for 6 months (SM-Se group)
had a better QoL score (Fig. 1) than those in the Placebo
group. Haematology values were unchanged with the ex-
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Table 1. Baseline demographics and clinical characteristics.

Overall Placebo group SM-Se group
(n 37) (n 18) (n 19)
Age (year) 63.8+5.3 65.0+3.9 62.4+6.4
BMI 28.14 £2.48 27.9 £2.68 28.37 £2.33
QoL 2.19 £ 1.13 1.89 £0.96 247 +1.22
Selenium (umol/l) 1.35+0.48 1.24 £0.33 1.45£0.58
Mean values and standard deviations.
Table 2. Markers of haematology in Placebo and SM-Se groups.
Parameter Placebo group SM-Se group
Day 0 Day 180 Day 0 Day 180
Hb (g/1) 145.5/150.5/155.5 142.0/152.5/158.8 135.0/145.0/148.5 144/151/153*
RBC (10™/1) 5.00/5.25/5.40 4.90/5.05/5.31 4.70/4.99/5.24 4.86/5.12/5.33*
WBC (10°/1) 5.89/7.27/8.68 6.01/6.68/7.67 5.53/7.01/7.92 5.42/6.59/7.45
Htc 0.42/0.45/0.47 0.42/0.44/0.47 0.41/0.42/0.44 0.42/0.44/0.45
PLT (10°/1) 187/230/261 191/203/243 192/221/252 181/221/241

The values were expressed as 1% quartile/median/3™ quartile. The values are expressed as mean £ S.D. *p < 0.05 vs placebo.

Table 3. Markers of clinical chemistry in Placebo and SM-Se groups.

Placebo group SM-Se group
Parameter Day 0 Day 180 Day 0 Day 180
Na (mmol/1) 139/140/ 141 140/141/142 140/141/143 140/141/143
K (mmol/1) 4.25/4.43/4.58 4.18/4.44/4.62 4.12/4.30/4.47 4.17/4.35/4.56
Cl1 (mmol/1) 103/104/106 104/105/107 102/104/107 103/105/106

Urea (mmol/l)

4.95/5.80/6.18

5.60/6.05/6.47

4.70/5.30/6.70

5.10/5.80/6.75

Creatinine (umol/1)

71.5/77.5/81.8

73.8/83.0/88.8

75.0/83.0/96.0

74.0/85.0/93.5

Bilirubin (umol/I) 5.0/6.5/8.8 6.0/7.0/9.0 5.0/5.0/8.5 5.0/7.0/11.0*%
ALT (ukat/1) 0.34/0.40/0.50 0.38/0.46/0.66 0.39/0.44/0.71 0.43/0.53/0.67
AST (ukat/1) 0.42/0.46/0.50 0.39/0.44/0.56 0.40/0.47/0.56 0.46/0.53/0.57
ALP (ukat/l) 1.45/1.75/1.94 1.31/1.87/2.08 1.24/1.65/1.92 1.21/1.71/1.92
GMT (ukat/1) 0.38/0.45/0.75 0.42/0.61/0.98* 0.29/0.48/0.54 0.33/0.45/0.53
LD (ukat/l) 2.44/2.72/3.07 2.62/2.74/3.05 2.71/2.82/3.04 2.67/2.85/3.05
CRP (mg/1) 1.0/1.0/2.0 1.0/1.5/2.8 1.0/1.0/2.5 1.0/1.0/2.0
Cholesterol .
(mmol/) 4.86/5.23/6.03 4.53/4.93/5.87 5.06/5.55/7.08 4.57/5.31/5.70
TAG (mmol/l) 1.25/1.53/2.24 1.48/1.77/2.65 1.23/1.62/2.39 1.09/1.63/2.38
HDL (mmol/l) 1.12/1.31/1.58 1.01/1.23/1.36* 1.10/1.19/1.64 1.12/1.23/1.44
LDL (mmol/1) 2.84/3.08/3.61 2.45/2.93/3.55 2.74/3.09/4.55 2.51/2.98/3.70*
ApoAl (g/1) 1.23/1.43/1.62 1.22/1.46/1.57 1.27/1.41/1.51 1.33/1.50/1.58
ApoB (g/l) 0.80/0.96/1.08 0.75/1.00/1.24 0.84/1.03/1.24 0.82/1.05/1.12
PSA, (ug/D 0.00/0.00/0.02 0.00/0.01/0.10 0.00/0.00/0.01 0.00/0.00/0.04
Testosterone

(nmol/l) 13.32/15.15/18.78 14.35/17.05/21.30 10.25/12.50/17.30 11.15/13.70/17.35

Selenium (umol/l)

1.03/1.29/1.43

0.68/0.86/1.13*

1.02/1.34/1.84

1.79/2.21/1.84*

The values are expressed as 1% quartile/median/3™ quartile. * p < 0.05 vs day 0.
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Table 4. Markers of oxidative stress in Placebo and SM-Se Groups.

Placebo group SM-Se group
parameter
Day 0 Day 180 Day 0 Day 180
PMDA (nmol/g)? 35.2/54.6/65.9 38.3/57.8/68.7 38.6/58.8/72.2 39.61/59.46/78.59
SHG,, (umol/g)* 2.37/3.16/3.81 2.44/3.14/3.49 2.37/3.19/4.14 2.16/3.40/4.08
AOPP (umol/l) 123.4/159.8/268.1 140.0/168.6/221.5 159.0/214.9/240.5 152.0/168.8/213.9
TAC (nA) 5.49/6.82/7.17 5.4/7.0/71.7 5.61/6.24/7.45 5.63/6.58/7.27
MDA (nmol/g)® 0.34/0.39/0.43 0.36/0.40/0.49 0.39/0.44/0.46 0.38/0.43/0.48
GSH (umol/g)® 12.16/12.96/14.15 11.23/11.98/13.15* 10.62/11.78/13.57 10.60/11.04/12.41
SOD (U/g)° 2.33/2.57/3.05 2.04/2.49/2.82 2.34/2.73/2.99 2.19/2.55/3.08
GPX *
(umol/min/g)’ 17.59/22.16/31.52 16.8/19.6/26.9 20.56/27.31/35.54 18.75/26.95/37.56
CAT 117.3/129.3/153.7 119.9/132.1/151.5 101.9/117.2/151.3 | 99.62/124.83/154.28
(umol/min/g)’ . . . . . . . . . . . .
GST 9.04/14.43/42.31 8.71/12.8/43.1 10.4/15.5/40.5 8.8/13.2/39.3
(umol/min/g)® . . . . . . . . . . . .
GSR 3.81/4.89/5.72 3.62/4.21/5.94 4.06/5.75/13.78 4.96/5.84/13.20
(umol/min/g)® . . . . . . . . . . . .

The values are expressed as 1* quartile/median/3™ quartile. * p < 0.05 vs day 0. “The value is expressed on g of protein. ® The value is expressed

on g of hemoglobin.

ception of a significant increase in erythrocyte count and
hemoglobin in the SM-Se group, but the fluctuation was
within normal physiological limits (Table 2). The effect
of the SM-Se combination was further evaluated by moni-
toring liver function (ALT, AST, and GMT), lipid me-
tabolism (cholesterol, HDL-cholesterol, LDL-cholesterol,
TAG, ApoAl, and ApoB) and other laboratory param-
eters used for assessment of the safety and efficacy of
the administrated preparation. In the SM-Se group, sig-
nificant positive effects were found on plasma cholesterol
and LDL-cholesterol Ievels (Table 3). On the other hand,
a significant decrease in HDL-cholesterol level was found
in the Placebo group. Long term consumption of the SM-
Se combination led to raised levels of serum selenium
(Fig. 2). Although change in bilirubin concentration was
significantly different after six months for the SM-Se
group, the fluctuation was within normal physiological
limits. The oxidative stress markers are shown in Table
4. In the SM-Se group the silymarin and selenium con-
sumption did not alter blood antioxidant status or other
markers of oxidative stress. The antioxidant potential of
the blood, measured as reduced glutathione and activity
of antioxidant enzymes, superoxide dismutase and glutath-
ione peroxidase differed significantly from baseline values
in the Placebo group. After six months, PSA and testoster-
one levels were unchanged in both groups (Table 3). All
participants finished the study and no subjective adverse
effects were reported.

DISCUSSION

Factors that increase the risk of prostate cancer are
(i) genetic disposition, (ii) age, (iii) ethnic background,
(iv) chronic prostatitis, and (v) environmental factors
including diet?. Finasteride and dutasteride, inhibitors
of Sa-reductase, are recommended for the prevention
of benign prostatic hyperplasia connected with chemo-
protective effects on PCa!l. The role of diet in prostate
cancer development or PCa post-diagnosis is not fully
understood*. Two studies on gene-enviroment interaction
in relation to PCa showed the importance of dietary com-
position'>!*. Of nutraceuticals, phytoceuticals and com-
plex plant extracts or a combination of them, lycopene',
soy flavonoids®, silibinin'® and preparations of soy and
a combination of other supplements including vitamin E,
selenium, lycopene and silymarin have been tested in hu-
man clinical trials (reviewed in ref.*). The data from these
studies suggest that the phytochemicals tested retard the
PSA double time increase in prostate cancer patients with
relapsing disease and may delay progression of both hor-
mone-refractory and hormone-sensitive PCa'. Silymarin
is a complex of seven non-nutritive flavonolignans and
one flavonoid®®. It is one of the best pharmacologically
characterized plant extracts. In mechanistic studies, sily-
marin displays antioxidant, anti-inflammatory, anti-pro-
liferative, anti-fibrotic, anti-viral, and immunomodulatory
activities”. It has clinical applications in alcoholic liver
diseases, liver cirrhosis, Amanita phalloides poisoning, vi-
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Fig. 1. Effect of silymarin and selenium combination on quality of life score during 6 month treatment. The values

are expressed as differences value on day 180 and day 0 of study. SM-Se group, black line; Placebo group, grey
line. *P < 0.05 vs Placebo group.
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Fig. 2. Effect of silymarin and selenium combination on plasma selenium level during 6 month treatment. The values
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line. *P < 0.05 vs Placebo group.
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ral hepatitis C, and toxic and drug induced liver diseases®.
Recently we reported that silymarin has a direct effect
on LDL-cholesterol and total cholesterol in the blood of
human volunteers?'?2, In the study presented here, we se-
lected patients after radical prostatectomy. For our pilot
study a daily dose of 570 mg silymarin was chosen accord-
ing to results from earlier study on healthy volunteers?'.
Our choice of 240 ug/day of selenium in the form of se-
lenomethionine was based on the low level of selenium
in our area. The 6 months administration of silymarin
and selenium improved the QoL, decreased low density
lipoproteins (LDL) and total cholesterol levels and in-
creased the concentration of selenium in the blood. The
combination had no effect on blood antioxidant status
and had no influence on testosterone level. No adverse
events were recorded. No improvement was found in the
placebo group.

In summary, our study demonstrated that the orally
administered silymarin and selenium had a positive ef-
fect on the organism of men after RP by (i) improving
significantly the lipid parameters and (ii) increasing the
blood selenium level. These findings suggest that a dietary
intervention with a SM-Se combination could benefit pa-
tients after radical prostatectomy and who are at the risk
of PCa progression.
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5.4 Vliv V. macrocarpon na recidivujici infekce mocovych cest u Zen
(studie 4)

U 182 zen s anamnézou dvou a vice IMC v priibéhu predchozich 12 mésicti byl
overen efekt celého lyofilizovaného plodu klikvy velkoplodé na snizeni poctu recidiv
IMC. Po randomizaci tc¢astnic do skupiny placebo nebo klikva zeny uzivaly po dobu
Sesti mésict placebo nebo 500 mg praskovitého plodu klikvy/den. Ve skupiné klikvy
v porovnani se skupinou placebo (vyhodnoceno ITT metodou) byl prokazan nizsi
vyskyt IMC (10,8% vs. 25,8%, p=0,04). Doba “preziti bez infekce” byla ve skupiné
klikvy vyznamné del$i oproti skupiné placebo (p = 0,04, obr. 5). Vysledky ukdzaly,
ze lyofilizovany plod klikvy velkoplodé snizuje vyskyt IMC u Zen s anamnézou
recidivujicich IMC. Uginek plodu klikvy je dan komplexnim t¢inkem obsahovych latek
plodu, ne pouze pronatokyanidiny, jak je uvddéno ve vétSiné publikovanych klinickych

studif (Maki et al., 2016).

—— Placebo group
== Cranberry group

1 - Cumulative probability of recurrent UTI

0.0
I

T T T T
0 50 100 150 200

Time since randomization (Day)

Obr. 5. Vliv klikvy velkoplodé dobu na vyskyt IMC ve skupiné placebo a klikva
(Kaplan-Meierova kiivka).
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Are High Proanthocyanidins Key to Cranberry
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Most research on American cranberry in the prevention of urinary tract infection (UTI) has used juices. The
spectrum of components in juice is limited. This study tested whether whole cranberry fruit powder
(proanthocyanidin content 0.56%) could prevent recurrent UTT in 182 women with two or more UTI episodes
in the last year. Participants were randomized to a cranberry (n =89) or a placebo group (n=93) and received
daily 500 mg of cranberry for 6 months. The number of UTI diagnoses was counted. The intent-to-treat analyses
showed that in the cranberry group, the UTIs were significantly fewer [10.8% vs. 25.8%, p=0.04, with an
age-standardized 12-month UTI history (p=0.01)]. The Kaplan-Meier survival curves showed that the
cranberry group experienced a longer time to first UTI than the placebo group (p=0.04). Biochemical
parameters were normal, and there was no significant difference in urinary phenolics between the groups at
baseline or on dayl80. The results show that cranberry fruit powder (peel, seeds, pulp) may reduce the risk of
symptomatic UTI in women with a history of recurrent UTIs. Copyright © 2015 John Wiley & Sons, Ltd.

Keywords: Vaccinium macrocarpon; urinary tract infection; recurrent; haematology; clinical chemistry markers; urinary metabolites.

INTRODUCTION

Urinary tract infections (UTIs) are the most commonly
diagnosed bacterial infection in women, with more than
50% experiencing at least one UTI during their lifetime
(Foxman, 2003; Micali et al., 2014). The ingestion of
cranberries (Vaccinium macrocarpon Ait., V. oxycoccus
L., Ericaceae) has traditionally been associated with
the prevention of UTTIs, which arise from colonization
and subsequent infection by uropathogenic Escherichia
coli (Guay, 2009). Major classes of constituents that
may contribute to the health benefits of cranberry are phe-
nolic acids, flavonoids, anthocyanins, proanthocyanidins
and triterpenoids (Pappas and Schaich, 2009). A-type
proanthocyanidins (PACs) seem to be responsible for
inhibiting the adhesion of E. coli and other uropathogens
to uroepithelial cells in vitro (Foo et al, 2000; Howell
et al., 2005) and ex vivo (Howell er al, 2010; Lavigne
et al, 2011). On the other hand, an ex vivo urine
antiadhesive effect has been ascribed to high concentra-
tions of hippuric and salicyluric acids in the urine of
healthy women consuming a daily dose of 1200mg of
dried cranberry juice (Valentova et al, 2007). Another
possible mechanism of polyphenolic metabolite action

* Correspondence to: Ales Vidlar, Department of Urology, University
Hospital, I.P. Pavlova 5, 77500 Olomouc, Czech Republic.
E-mail: alevi@centrum.cz

Copyright © 2015 John Wiley & Sons, Ltd.

could be the selection of less adherent bacterial strains
in the gastrointestinal tract (Raz et al, 2004). As food,
and dietary supplements, cranberry is used in juice,
juice cocktail (approximately 26% to 33% pure cran-
berry juice), cranberry pills/capsules containing dried
juice or cranberry fruit powder (100% cranberry fruit
solids). The complex mixture of bioactive components
is found only in whole cranberry fruit (Grace et al,
2012).

The growing concern over antibiotic resistance has
stimulated interest in cranberries in the prevention
of recurrent UTIs (rUTI). Over the years, a number
of randomized clinical trials has been conducted to
assess the efficacy of cranberry in reducing the risk of
rUTIs in women (Micali et al, 2014; Jepson et al.,
2012; Wang et al., 2012). Most clinical trials in adult
women with a history of rUTIs or acute bacteriuria
used pure cranberry juice/cocktails or capsules contain-
ing dried juice enriched with A-type PACs. A recent
randomized clinical study showed that 500/1000 mg of
cranberry fruit powder (CFP) used for 90 days signifi-
cantly reduced bacteriuria and symptoms of UTI in
women with symptomatic UTI at baseline (Sengupta
et al., 2011). Interestingly, this appears to be the only
study of cranberry being used in the treatment of
acutely infected subjects.

One weakness of clinical trials with cranberry prod-
ucts has been that the cranberry preparations were
not fully characterized by chemical composition. The
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efficacy of powdered whole cranberry fruit (quantified
using standardized methods) in reducing the risk of
rUTI in female subjects free of UTI at baseline
has not yet been assessed. The aim of this 6-month
randomized, double-blind and placebo-controlled trial
was to evaluate whether a daily dose of 500 mg of cran-
berry fruit powder could prevent rUTIs in otherwise
healthy women from 18 to 75years old, with a history
of UTIs.

MATERIAL AND METHODS

Cranberry material. Cranberry fruit powder (100%
fruit of North American Vaccinium macrocarpon
Aiton, Ericaceae; Batch No. 090921) was purchased
from NATUREX-DBS (Sagamore, MA, USA).
Declared total PACs in CFP determined by the
4-dimethylaminocinnamaldehyde (DMAC) method
(Prior et al., 2010) was 0.56%, and this powder was ap-
plied for the clinical trial. The results of our secondary
metabolite determination of CFP by HPLC-ESI-MS/
MS are shown in Table 1; PACs have been analysed
according to Jungfer et al., 2012 (Table 2). Each cran-
berry capsule contained 250 mg of CFP (1.4 mg of PACs
according to DMAC). Placebo capsules contained low-
density STAR-DRI® 1015A maltodextrin, canola oil,
Red 40 Lake, sodium aluminium silicate and Blue 1
Lake. CFP capsules were indistinguishable in appear-
ance from the placebo capsules.

Table 2. Content of proanthocyanidins in cranberry fruit powder

Proanthocyanidin (mg/100 g CFP)

B-dimer B1 0.54+0.01 A-trimer 3 3.06+0.08
B-dimer B2 2.29+0.08 A-trimer 4 2.86+0.17
B-dimer B5 0.72+0.04 A-trimer 7 1.92+0.08
Procyanidin A2 24.30+0.43 A-trimer 8 4.44+0.04

Values are expressed as mean = SD, n = 2. Concentrations are cal-
culated as procyanidin A2 equivalents. Compound nomenclature is
according to Jungfer et al., 2012.

Design and participants. The study was conducted ac-
cording to the guidelines of the Helsinki Declaration
(2008 revision), and all procedures involving human
subjects were approved by the Ethics Committee of
the University Hospital and Faculty of Medicine and
Dentistry, Palacky University, Czech Republic (refer-
ence 129/09). Written informed consent was obtained
from all participants. The study was a 6-month,
single-centre, randomized, double-blind and placebo-
controlled trial consisting of two parallel treatment
arms. It was conducted between January 2010 and
April 2011 at the Clinic of Urology of the University
Hospital.

The invitation to participate was through the refer-
ring physician treating the UTIs. Women aged over
18years old and with a medical history of at least
two episodes of symptomatic UTIs in the previous
12 months were eligible. Participants meeting all of the

Table 1. Content of selected secondary metabolites in cranberry fruit powder

Compound (mg/100 g CFP)

Phenolic acids

3,4-Dihydroxycinnamic acid 4.4+0.1
Chlorogenic acid 12.4+0.4
4-Hydroxy-3-methoxycinnamic acid 2.7+£0.1
3,4,5-Trihydroxybenzoic acid 5.8+0.2
4-Hydroxycinnamic acid 21.1+£0.5
4-Hydroxybenzoic acid 0.3+£0.0
3,4-Dihydroxybenzoic acid 24.3+0.5
2-Hydroxybenzoic acid 0.3%£0.0
4-Hydroxy-3,5-dimethoxycinnamic acid 2.8%+0.1
4-Hydroxy-3,5-dimethoxybenzoic acid 2.8+0.1
4-Hydroxy-3-methoxybenzoic acid 5.8+0.1
Flavonoids

Apigenin 0.4+0.0
Catechin 2.7+0.1
Epicatechin 13.4+0.1
Epigallocatechin 24.4+0.2
Hesperidin 2.6+0.1
Hyperoside 1408.0+36.7
Isorhamnetin 188.2+22.4
Kaempferol 25.2+4.6
Myricetin 482.8+21.7
Isoquercitrin 504.0+14.9
Quercetin 1138.8+32.5
Rutin 3.0£0.2

Benzoic acid and benzaldehyde derivatives

Benzoic acid 167.6+19.4
3,4-Dihydroxybenzaldehyde 2.7+0.2
p-Hydroxybenzaldehyde 0.03+0.01
Vanillin 0.4+0.0

Anthocyanins/Anthocyanidins

Cyanidin 3-O-arabinoside 62.7+1.0
Cyanidin 3-0-galactoside 42.4+1.9
Cyanidin 31.6+£1.3
Delphinidin 3-O-glucoside 2.7+0.2
Delphinidin 24.4+0.8
Malvidin 3-0O-galactoside 5.4+0.2
Pelargonidin 3-0O-glucoside 7.6+0.2
Peonidin 3-O-glucoside 82.1+£1.3
Peonidin 3-O-rutinoside 1.3+£0.2
Peonidin 13.5+1.1
Pentacyclic triterpenoid
Ursolic acid 921.6+74.2

Values are expressed as mean+SD, n = 5.

Copyright © 2015 John Wiley & Sons, Ltd.
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inclusion criteria and none of the exclusion criteria
(Table 3) and consenting to study participation were
randomly divided into two groups: cranberry and placebo
groups (Fig. 1). The randomization plan for treatment as-
signment to subjects was generated using online software

ARE HIGH PAC KEY TO CRANBERRY EFFICACY IN THE PREVENTION RUTI?

QuickCalcs (GraphPad Software Inc., USA). The cran-
berry group was given 500mg CFP (two times 250 mg
CFP capsules) to be taken once a day after breakfast for
the 6-month period. The daily dose of CFP was based
on the findings of McMurdo et al. (2009). The placebo

Table 3. Eligibility criteria

Inclusion criteria

Exclusion criteria

* Women from 18 to 75 years

« A history of recurrent symptomatic UTlIs (defined as a medical
history of at least two symptomatic UTI episodes treated with
antibiotics in the previous 12 months)

Clinical laboratory tests (haematology, clinical chemistry,
urinalysis) within normal reference ranges or if outside the
normal reference ranges, clinically insignificant

* Symptomatic UTI at baseline

* Antibiotic treatment during the study for reasons others
than UTI?

* Pregnant and/or breast feeding women

* Anatomical anomalies or other pathological findings with a
possible effect on the recurrence of UTlIs (stricture of urethra,
nephrolithiasis, cystolithiasis, neurogenic bladder dysfunction)
¢ Insulin-dependent diabetes mellitus

» Subjects with a history of medical or surgical events that could
affect the study outcome or place the subject at risk, including
cardiovascular disease, gastrointestinal problems, metabolic,
renal, hepatic, neurological, sexually transmitted diseases or
active musculoskeletal disorders

e Immunocompromised individuals or individuals receiving
immunosuppressive medication

* Intermittent or indwelling urinary tract catheterization

* Subjects with a history of surgery within the last 6 months

* Use of narcotics

* Heavy episodic drinking of alcohol

« Participation in a clinical research trial within 30 days prior to
randomization

» Simultaneous participation in another clinical trial

@Patients with occurrence of a symptomatic UTI during the study were treated immediately with antibiotics. At the end of antibiotics treatment,
urine samples were collected to confirm the absence of bacteriuria, and patients resumed study treatment.

Assessed for eligibility (n = 803)

Excluded
Not ing inclusi iteria (n = 621)
Randomised
(n =182; age = 36,7 + 13.4)
|
l Allocation l
Allocated to Cranberry group Allocated to Placebo group
(n=89) (n=93)
Follow-Up
Lost to follow up (n = 10) Lost to follow up (n=7)
Withdrew due to pregnancy (n = 2) Withdrew due to pregnancy (n=1)
Withdrew/lost to follow up (n = 8) Withdrew/ lost to follow up (n = 6)
Analysis
Analysed (ITT, » = 83; Analysed (ITT, n = 93; blood/urine,
blood/urine, n = 79) n = 86)
Excluded from analysis (n = 6)
<2 UTIs in the last 12-month (n = 3)
Age < 18 years old at entry in study
(n=3)

Figure 1. Flow chart of the clinical trial.

Copyright © 2015 John Wiley & Sons, Ltd.
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group received the same instructions as the cranberry
group. Subjects were asked to refrain from consuming
foods rich in phenolics, especially colour-pigment-
containing fruit (berries), or vitamin supplements or
to make any other dietary or lifestyle changes during
the study. After randomization (baseline), the women
returned to the clinic at 3 and 6 months and whenever
they experienced symptoms of a UTI. The clinical
report form included (i) a detailed medical history,
(ii) assessment of all concurrent medication and treat-
ment, (iii) dietary habits, (iv) kidney and bladder ultra-
sound and (v) complete laboratory analysis, including
haematology, clinical chemistry and urinalysis. Urine
samples were collected at baseline and at 3 and 6 months
for analysis of the urine and urine sedimentation. If a
UTI was confirmed (bacteriuria>10° cfu/mL plus symp-
toms of a UTI; see Urinalysis, microbial examination
and clinical diagnosis of UTI), the subject was treated
with antibiotics, culture-directed antibiotic treatment for
1-3 days. Once the course of antibiotics was completed,
urine samples were collected to confirm that the UTI
had resolved, and the subject resumed taking the product.
Vital signs (heart rate, systolic and diastolic blood pres-
sure) were assessed at baseline and at 3 and 6 months.
The clinical diagnosis of a UTI was based on bacteriuria
plus the manifestation of at least one of the following
symptoms: pollakiuria (strong, persistent urge to urinate
and passing frequent, small amounts of urine), burning
sensation on micturition, hematuria, turbid or malodor-
ous urine, subpelvic pain, pruritus, fever and dysuria.

Haematology and clinical chemistry. Blood samples
were collected at baseline and at 6 months. These were
drawn under aseptic conditions from the vena cubiti,
after a several-minute rest in the half-sitting position.
Serum/plasma samples were separated in a cooled
centrifuge at 3000 xg for 20 min. Basic haematological
parameters (haemoglobin, erythrocytes, leukocytes,
platelets and haematocrit) were measured in Na,EDTA
blood. Routine clinical chemistry parameters were
determined in all samples: low-density lipoprotein
(LDL), high-density lipoprotein (HDL) cholesterol,
triacylglycerol, C-reactive protein, alanine aminotrans-
ferase, aspartate aminotransferase, gamma-glutamyl
transpeptidase, urea, creatinine, bilirubin and glucose
were quantified in serum using a HITACHI Modular
Evo P analyser (Hitachi, Japan).

Urinalysis, microbial examination and clinical diagnosis
of UTL The urine had to be a midstream early morning
sample. The complete analysis of urine was performed on
the 1Q200 Automated Urinanalysis System (IRIS Inter-
national, Inc., USA). The microbiological analysis was
performed at the Laboratory of Clinical Microbiology,
University Hospital. The laboratory diagnosis of UTI
was based on a significant isolate of a single organism,
and a UTI was culture-confirmed when the growth of a
single bacterial strain was >10°cfu/mL in a midstream
urine sample. Phenolic metabolites in urine were deter-
mined at baseline and at 6 months. Analysis of free and to-
tal phenolics in urine was carried out using HPLC-ESI-ion
trap MS according to our protocol (Heinrich et al,, 2013).

Statistical analysis. The sample size was estimated based
on the assumption that at least 30% of women would
experience an rUTI within 6 months in the placebo

Copyright © 2015 John Wiley & Sons, Ltd.

group and that the rate of UTI recurrence would be re-
duced to 15% in the cranberry group. The primary end-
point of this clinical trial was the 50% reduction in
incidence of rUTT episodes in the cranberry group com-
pared to the placebo group. In order to detect this effect
with a power of 80% and a two-tailed alpha level of 5%,
80 women per group were needed (Kontiokari et al.,
2001). Thus, to account for subject attrition, a total of
182 women were recruited.

An intent-to-treat (ITT) analysis was performed.
This included any individual with at least one
postrandomization assessment. In order to examine
the relationship between the proportion of women
experiencing at least one UTI episode during the study
period and assignment to the active or placebo treatment
arms, a complementary log-log (CLL) binomial regres-
sion model was used. This generalized linear model
(GLM) specified a binomial distribution for the random
component and a complementary log—log link function.
The model was fit using the GLM function in R. Age
and age-adjusted history of UTI were associated with risk
of UTI, and for this reason, they were included in the
model. The log observation time (from randomization
date to the end-of-study or dropout dates) was included
as an offset term. A Kaplan—Meier estimate was used to
describe the distribution of time to first UTL. In order to
compare time to first UTI between the two treatment
arms, the Cox proportional hazards model was fitted with
treatment arm, age and age-adjusted prior 12-month his-
tory of UTI in the model. The count of UTIs found during
the observation period was compared between groups
using Poisson regression including age, age-adjusted prior
12-month history and an offset variable (log observation
time) in the model. Continuous variables were described
as means +standard deviation or first quartile/median/
third quartile and compared using a repeated-measures
ANOVA at baseline and after 6 months.

RESULTS

Patient recruitment is depicted in Fig. 1. Of the 803
women who were screened for participation in the
study, 621 patients did not meet the inclusion criteria
or met one or more of the exclusion criteria. The
remaining 182 eligible women were enrolled and were
randomized to the cranberry (n=89) or placebo
(n=93) groups. Seventeen women did not complete
the study, seven (7%) in the placebo group and ten
(11%) in the cranberry group. Reasons for not complet-
ing the study included loss to follow-up, voluntary with-
drawal (n=14) or pregnancy (n=3) (Fig. 1). These 17
women were included in the ITT analysis. Six other par-
ticipants, all randomized to the cranberry group, were
excluded from the ITT analysis. Three of these six study
participants had a UTI history of one in the previous
12 months and were excluded from the analysis because
they had less than two in the previous 12 months. The
other three study participants were enrolled into the
trial by the Principal Investigator following parental
consent but were excluded from the analysis because
they were younger than 18years. Thus, the ITT sample
included a total of 176 women (n =83 in the cranberry
group and n=93 in the placebo group). The cranberry
and placebo groups were similar with regard to baseline
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Table 4. Baseline parameters

Placebo group (n = 93) Cranberry group (n = 89) p
UTls in the last 12 months 3.27+1.33 2.93+£1.22 0.08
Age (years) 38.03+13.40 35.61+12.97 0.23
Height (cm) 167.70+6.03 166.30+6.73 0.14
Weight (kg) 66.44+10.79 64.18+12.52 0.20
Temperature (°C) 36.32+0.21 36.35+0.19 0.36
Pulse (beats per minute) 69.02+6.89 70.47 +6.32 0.15
Systolic blood pressure (mmHg) 116.90+ 11.03 115.8+10.61 0.48
Diastolic blood pressure (mmHg) 77.31+£7.39 76.87+6.87 0.68
Urine sediment (HPF) Negative Negative NA
Urine pH 5.76+0.76 5.83+0.67 0.64

Values are mean = SD. UTls, urinary tract infections.

characteristics (Table 4, Fig. 2). There was a positive
quadratic association between age and prior 12-month
UTI history. The residuals from this quadratic model
were adopted as age-adjusted UTI history scores. Age
was also found to have a quadratic association with
occurrence of UTI during the intervention period and
hence age, centred around 40years, and the square
were included in the following models. During the
6-month intervention, the proportion of women having
at least one UTI episode was significantly lower in the
cranberry group (9/83, 10.84%) than in the placebo
group (24/93, 25.81%) (p=0.04), with age-adjusted
12month UTI history (p=0.01), age (p=0.73), and
age-squared (p =0.05) included in the model. This cor-
responds to a relative risk reduction of 58% in the cran-
berry group relative to the placebo group. The fitted
cumulative incidence (or cumulative rate) of UTI over
6 months for a women with average duration of obser-
vation, average age, and average UTI history was
0.085 (8.5%) in the cranberry group and 0.194 (19%)
in the placebo group (p=0.04). The proportion of
women experiencing at least one UTI episode caused
specifically by E. coli was 7/83 women (8.43%) in the
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Figure 2. Differences in age distribution between subjects in the
cranberry and placebo groups.
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cranberry group and 22/93 women (23.66%) in the pla-
cebo group (p=0.03 vs. placebo), with age-adjusted
prior 12-month UTT history (p=0.007), age (p=0.74)
and age-squared (p =0.12) included in the model.

The Kaplan—-Meier curves for time to first UTI are
shown in Fig. 3. The time to first occurrence was differ-
ent for the two groups, with a significantly longer time to
first UTI observed in the cranberry group relative to the
placebo group (p=0.04), with age-adjusted 12-month
UTI history (p=0.02), age (p=0.69) and age-squared
(p=0.04) included in the model. Of the women in the
cranberry group, 10% (Kaplan—-Meier estimate) experi-
enced a UTI episode by 133 days while 10% of the
participants in the placebo group experienced a UTI
episode by 65 days.

During the study, there was a total of 40 UTIs that
occurred in 33 women. Thirty-three of the UTIs were
primary occurrences and seven were secondary occur-
rences (six women in the placebo group and one woman
in the cranberry group experienced two episodes of UTI
during the 6-month study). The average count of UTIs
per subject in the study period was 0.12 (10/83) for the
cranberry group and 0.32 (30/93) for the placebo group
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Figure 3. Kaplan—Meier curves of survival to UTI recurrence for the
placebo and cranberry groups.
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Table 5. Haematology and clinical biochemistry markers in placebo and cranberry groups at day 0 and day 180
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Placebo group (n = 86)

Cranberry group (n = 79)

Day O

Day 180

Day O

Day 180

Haemoglobin (g/L)

Erythrocytes (10"%/L)

Leukocytes (10°/L)

Haematocrit

Platelets (10°/L)

Urea (mmol/L)

Creatinine (umol/L)

Bilirubin (umol/L)

Alanine aminotransferase (pkat/L)
Aspartate aminotransferase (pkat/L)
v-Glutamyl transferase (pkat/L)
C-reactive protein (mg/L)

Total cholesterol (mmol/L)

126/133/138
4.16/4.42/4.61
4.81/6.02/7.04
0.37/0.39/0.41

208.0/237.5/275.

3.63/4.20/5.08
60.3/66.0/73.0
5/8/9
0.24/0.32/0.42
0.34/0.40/0.48
0.19/0.25/0.35
0.8/1.5/3.0
4.35/4.87/5.44

TAG (mmol/L) 0.78/1.11/1.49
HDL (mmol/L) 1.37/1.66/1.88
Cholesterol/HDL 2.43/3.10/3.55
LDL (mmol/L) 2.20/2.72/3.34

Glucose (mmol/L)

4.4/4.8/5.3

8

129/134/140°%
4.17/4.46/4.60
4.83/6.14/6.89
0.37/0.40/0.42°

216.8/245.5/287.8

3.40/4.15/5.10
61.0/64.5/71.0
6/8/11
0.22/0.30/0.42
0.34/0.39/0.46
0.20/0.25/0.36
0.6/1.3/3.4
4.45/5.11/5.87°
0.78/1.07/1.39
1.39/1.74/2.01°
2.56/3.04/3.67°
2.25/2.95/3.54°
4.5/4.9/5.3

126/134/140
4.21/4.52/4.68
4.91/5.94/6.94
0.38/0.40/0.41

224.5/261.0/293.0

3.50/4.10/5.20
61.0/68.0/73.5
6/8/11
0.25/0.30/0.37
0.36/0.40/0.45
0.20/0.25/0.37
0.7/1.6/3.8
4.45/5/50.55
0.86/1.12/1.45
1.42/1.69/1.92
2.59/2.96/3.65
2.29/2.78/3.53
4.5/4.8/5.3

129/134/141
4.28/4.43/4.65
5.13/5.82/7.20
0.39/0.40/0.41

229.5/266.0/309.0%

3.55/4.20/5.00
61.0/66.0/72.0
5/7/11°
0.22/0.28/0.39
0.34/0.37/0.422
0.19/0.25/0.37
0.8/1.7/4.0
4.49/5.15/5.83
0.88/1.15/1.41
1.47/1.72/1.94
2.53/2.89/3.83
2.30/2.89/3.60
4.5/4.9/5.4

#The value was significantly different from the value in day O (p < 0.05). The data are expressed as first quartiles, medians and third quartiles.
®The change-from-baseline value is significantly different from that in the placebo group (p < 0.05).

(p=0.03, after adjusting for age-adjusted 12 month his-
tory, age and age-squared). All occurrences of UTI were
medically diagnosed and confirmed microbiologically.
Pathogens identified among the 33 primary UTIs were
E. coli (n=28), Klebsiella species (n=3), Staphylococcus
species (n=1) and Streptococcus species (n=1). In the
placebo group, one woman who experienced an infec-
tion with E. coli also had Enterococcus sp. identified in
the urine. Pathogens identified among the seven second-
ary UTIs were all E. coli.

Changes from baseline in haematology and clinical
chemistry parameters (Table 5) were similar for both
groups, with the exception of bilirubin, which increased
from baseline by 1.0 umol/L in the placebo group and
decreased from baseline by 0.53 pmol/L in the cranberry
group (p < 0.05 vs. placebo). All values remained within
the normal ranges. After 6 months of treatment, there
were significant increases in total cholesterol (4.97
+0.99 to 5.18+1.02mmol/L), HDL cholesterol (1.63
+0.35 to 1.77+0.77mmol/L) and LDL cholesterol
(2.78 £0.87 to 2.95 £ 0.89 mmol/L) in the placebo group.
All values were within the normal ranges. There was a
slight yet significant decrease in urine pH between base-
line (5.83+0.67) and the 6-month time point (5.64
+0.55; p=0.024) in the cranberry group while the pH
in the placebo group did not change over time.

No anthocyanins or proanthocyanidins were detected
in either the plasma or urine samples of either group (data
not shown). The free and total concentrations of phenolic
compounds were determined in urine samples collected
on days 0 and 180. There was no significant difference in
phenolics between the groups (Table 6).

DISCUSSION

A number of systematic reviews and meta-analyses of
human interventional clinical trials on the effects of

Copyright © 2015 John Wiley & Sons, Ltd.

cranberry on UTIs has been published (Micali et al.,
2014; Guay, 2009; Jepson et al, 2012; Wang et al,
2012). The results of individual studies have been
largely inconsistent. These inconsistencies could be
due to (i) the populations studied [history of UTI, life
stage (pregnancy, menopausal status, age)], (ii) the study
settings (free-living vs. institutionalized), (iii) subject com-
pliance and/or (iv) the effectiveness of the cranberry-
containing product consumption. In this regard, the
prophylactic efficacy of various cranberry products (cran-
berry juice, dried juice, diluted juice concentrate, juice
cocktails, cranberry juice powder enriched with PACs)
has been tested; however, these products have been
largely uncharacterized in terms of chemical composi-
tion, making it difficult to assess their true potential
bioefficacy. In addition, subject compliance is generally
better in studies using cranberry juice in tablet or
capsule form (Stothers, 2002; McMurdo et al., 2009;
Beerepoot et al., 2011).

In this trial, the proportion of women experiencing at
least one UTI episode was significantly lower in the
group using cranberry fruit powder (10.8%) relative to
the placebo group (25.8%), although the recurrence
rate in the placebo group was lower than the expected
30% UTI reported by Kontiokari et al. (2001). The dif-
ference in the proportion of women experiencing a
UTI episode in the placebo and cranberry arms was sig-
nificant (p =0.04), likely owing to a greater magnitude
of effect than was predicted in the sample size calcula-
tion. Although other trials of cranberry supplements
have reported reductions in the risk of rUTIs in women
with a history of UTTIs, these had various limitations, in-
cluding inappropriate study design, small sample size
(Bailey et al., 2007; Walker et al., 1997), failure to fully
characterize the cranberry supplement (Stothers, 2002;
Beerepoot et al., 2011; Walker et al., 1997), lack of defi-
nition of the criteria that were used to diagnose a UTI
(Bianco et al., 2012) and/or a high rate of subject attri-
tion (Baliley et al., 2007; Walker et al., 1997). In contrast,
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in the current study, the design was robust (randomized,
double-blind, placebo-controlled), and the sample size
was sufficient and justified. There was a relatively low
rate of subject attrition, criteria appropriate for the diag-
nosis of a symptomatic UTI were applied and a well-
characterized cranberry product was used. To the best
of our knowledge, this is the first study demonstrating
the efficacy of a well-characterized whole cranberry
fruit in the prevention of rUTIs in women. We found
no PACs in the plasma or urine samples, and there
was no significant difference in the phenolic compound
profile or benzoic acid derivatives in the urine samples
of the women from either group on days 0 and 180. Of
the phenolics determined, hippuric acid dominated.

It can be speculated that the increased urinary
antiadherence and lower incidence of UTIs are con-
nected to other cranberry constituents apart from PACs,
anthocyanins, phenolic acids, flavonoids and their
microbial-derived metabolites (de Llano et al, 2015).
The pentacyclic triterpenoids, mainly ursolic acid, may
play a complementary or synergistic role together with
polyphenolic constituents in the antiadhesion activity
of cranberry fruit (Vasileiou et al., 2013). For example,
this compound caused differential gene expression in
E. coli and inhibited biofilm formation in several bacte-
rial species (Ren et al, 2005). Ursolic acid has been
shown to affect P fimbriae and the curli fibre morphol-
ogy of uropathogenic E. coli strains and their adhesion
to uroepithelial cells (Wojnicz et al., 2013). Also, some
metabolites are formed through the action of intestinal
microflora, which is unique for each individual
(Cardona et al, 2013). This might explain individual
sensitivity to the effects of cranberry.

CONCLUSION

In summary, results of this study showed that intake of
500mg of cranberry fruit powder containing 2.8 mg of
PACs/day for 6 months was associated with a reduction
in incidence of recurrent UTIs. The compliance with
the study protocol was excellent and no adverse events
were recorded. From the results, it is not possible
to pinpoint which compound/compounds in CFP
protected the epithelium of the urinary tract against
the formation of bacterial biofilm. Our data nonethe-
less provide encouraging evidence for the protective
effect of whole cranberry (peel, seeds, pulp) in women
with a medical history of rUTIs. This effect is possibly
due to the synergy of all cranberry components and/or
its metabolites rather than just PACs. However, addi-
tional studies are needed to determine which cranberry
secondary metabolites in addition to PACs are respon-
sible for the effects found.
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5.5 Vliv V. macrocarpon na urologické parametry muzi s LUTS
a chronickou nebakteridlni prostatitidou

(studie 5)

Utinek plodu klikvy velkoplodé byl studovan u muzi s LUTS, zvy$enou hladinou
PSA a biopticky prokazanou nebakterialni prostatitidou. Celkem 42 muzi bylo
rordéleno do dvou skupin (klikva a kontrola). Ve skupiné klikva ucastnici uzivali
1500 mg lyofilizovaného plodu klikvy velkoplodé/den po dobu Sesti mésici.
V kontrolni skupiné ucastnici byli bez konzumace klikvy a byly sledovany stejné
parametry jako v experimentalni skuping.

Ziskané vysledky prokazaly, ze lyofilizovany cely plod klikvy velkoplodé muze
velmi efektivné ovlivnit zdravi prostaty zlepSenim LUTS, vcetné¢ modulace hladiny
PSA (obr. 6). Dilezitym faktem je, ze uzivani lyofilizovaného plodu klikvy velkoplodé
je na rozdil od 1€kt pouzivanych pfi 1é¢bé prostatitidy i LUTS bez nezddoucich uc¢inkt
a nevyvolava riziko vzniku bakteridlni rezistence. NaSe vysledky mohou pomoci
muzim s LUTS, ale i jejich Iékafim, ke zvoleni levné a ,pfirodni“ 1écby
bez vedlejsich uc¢inki. Také ukazuji na novou oblast vyuziti klikvy velkoplodé u muzi

trpicich potizemi ve smyslu ,,prostatitidy*.

PSA

DIFFERENCES T3-T1

o
T T

klikva kontrola

Obr. 6. Vliv klikvy velkoplodé na hodnoty PSA;. ve skupiné kontrola a klikva.
Hodnoty jsou vyjadieny jako rozdil mezi dnem 180 (T3) a dnem 0 (T1) studie.
p < 0,05 skupina klikva vs. kontrola
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The effectiveness of dried cranberries (Vaccinium macrocarpon) in men
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Lower urinary tract symptoms (LUTS) are a common condition in older men. The objective of the present study was to evaluate the efficacy
and tolerability of cranberry (Vaccinium macrocarpon) powder in men at risk of prostate disease with LUTS, elevated prostate-specific antigen
(PSA), negative prostate biopsy and clinically confirmed chronic non-bacterial prostatitis. Forty-two participants received either 1500 mg of the
dried powdered cranberries per d for 6 months (cranberry group; n 21) or no cranberry treatment (control group; n 21). Physical examination,
International Prostate Symptom Score, quality of life (QoL), five-item version of the International Index of Erectile Function (IIEF-5), basic
clinical chemistry parameters, haematology, Se, testosterone, PSA (free and total), C-reactive protein (CRP), antioxidant status, transrectal
ultrasound prostate volume, urinary flow rate, ultrasound-estimated post-void residual urine volume at baseline, and at 3 and 6 months,
and urine ex vivo anti-adherence activity were determined in all subjects. In contrast to the control group, patients in the cranberry group
had statistically significant improvement in International Prostate Symptom Score, QoL, urination parameters including voiding parameters
(rate of urine flow, average flow, total volume and post-void residual urine volume), and lower total PSA level on day 180 of the study.
There was no influence on blood testosterone or serum CRP levels. There was no statistically significant improvement in the control
group. The results of the present trial are the first firm evidence that cranberries may ameliorate LUTS, independent of benign prostatic
hyperplasia or C-reactive protein level.

Vaccinium macrocarpon: Cranberries: Urinary tract disorders: Prostatitis: Prostate-specific antigen

Prostate diseases are a major health concern for the male
population throughout the Western world. Benign prostatic
hyperplasia (BHP) and chronic prostatitis (CP), two of the
most common medical conditions affecting older men (aged
over 40 years), are associated with lower urinary tract
symptoms (LUTS) which can have a negative impact on
the quality of life (QoL). LUTS are divided into irritative
and obstructive symptoms. The former include frequency,
urgency and nocturia. The latter consist of slow urine
stream and incomplete bladder emptying. Recently, a signifi-
cant association between the serum levels of C-reactive pro-
tein (CRP) and irritative LUTS in both men and women was
found">?. On the other hand, CRP levels were not signifi-
cantly associated with obstructive LUTS, or prostate-specific

antigen (PSA) levels®. Untreated BHP and CP can lead to a
number of medical complications, such as acute urinary
retention, gross haematuria, repeated urinary tract infections,
obstructive uropathy and cystolithiasis. The current standard
of preventive care for men at risk of BHP and/or CP is treat-
ment with o-adrenergic receptor blockers, 5-o-reductase
inhibitors or antibiotics®”. In recent years, there has been
increasing interest in dietary supplements in the prevention
of prostate diseases® ®. The proposed active components
of these preparations include Se, vitamin E, vitamin D,
lycopene, plant oils, n-3 fatty acids, phytosterols, terpenoids,
lectins, polysaccharides, flavonolignans, flavonols and
isoflavones. Some important dietary supplements for pro-
state health are complex extracts from green tea leaf

Abbreviations: BHP, benign prostatic hyperplasia; CFP, cranberry fruit powder; CP, chronic prostatitis; CRP, C-reactive protein; IIEF-5, five-item version of the
International Index of Erectile Function; IPSS, International Prostate Symptom Score; LUTS, lower urinary tract symptoms; PSA, prostate-specific antigen;
PSAf;.., free prostate-specific antigen; PSA,, total prostate-specific antigen; Qp,x, maximal urinary flow rate; QoL, quality of life.

* Corresponding author: Dr Jitka Vostalova, fax +420 585 632 302, email psotova@tunw.upol.cz
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Table 1. Baseline demographics and clinical characteristics
(Mean values and standard deviations)

Control group Cranberry

Overall (n 42) (n21) group (n 21)
Variable Mean SD Mean SD Mean )
Age (years) 63-0 5.5 64-0 5.4 62-0 5.4
BMI (kg/m?) 26-46 3-04 2491 2-09 28-00* 3-09
QoL 1.36 0-91 1.29 0-72 1.43 1.08
IPSS 10-48 5.95 10-86 5.88 10-10 6-14
PSA:et (ng/l) 6-82 4.-61 5-80 4.18 7-85 4.89
PSAree:PSAot 0-22 0-04 0-18 0-02 0-21 0-07
Qmax (Ml/s) 14-26 5-04 16-56 4.38 11.97* 4.68
Se (pmol/l) 112 0-67 0-97 0-53 1.27 0-77

QolL, quality of life questionnaire; IPSS, International Prostate Symptom Score;
PSA:, total prostate-specific antigen; PSAsee, free prostate-specific antigen;
Qmax, Maximal urinary flow rate.

*Mean value was significantly different from that of the control group (P<0-05).

(Camellia sinensis), saw palmetto berry (Serenoa repens),
milk thistle seed (Silybum marianum), pumpkin seed
(Cucurbita pepo) and stinging nettle root (Urtica dioica).
Cranberry (Vaccinium macrocarpon) is a source of organic

A. Vidlar et al.

and phenolic acids, flavonoids, flavonoid glycosides, anthocya-
nins, proanthocyanidins and triterpenoids of the ursane type
with beneficial effects on the urinary tract®!0, Cranberry
preparations are used as natural treatments for urinary tract
infections, may reduce the ability of Helicobacter pylori to
cause gastrointestinal ulcers and display anti-plaque
activity(“_m. The medicinal effectiveness and safety of
intact cranberry fruits, juice and extracts have been critically
evaluated recently(m). Among recently reported effects of
cranberry are its anti-inflammatory action through reduced
cyclo-oxygenase-2 expression, suppression of IkBa degra-
dation in human colon cancer cells""> and inhibition of the
growth and proliferation of several types of tumour cells
including prostate'®. However, to date there has been no pub-
lished clinical study assessing whether cranberry reduces
LUTS in men at risk of developing prostate diseases.

The aim of the present study was to evaluate the effect
on urinary tract function of a 6-month daily consumption
of 1500mg cranberry fruit powder (CFP) in men with
LUTS based on the International Prostate Symptom Score
(IPSS), elevated PSA, BHP and histopathologically confirmed
non-bacterial CP.

Table 2. International Prostate Symptom Score (IPSS), quality of life (QoL) score and International Index of Erectile Function (IIEF-5) in

control and cranberry groups
(Mean values and standard deviations)

Difference between answer

(Day 90 — day 0)

(Day 180 — day 0)

Control group Cranberry group Control group Cranberry group
Score Mean SD Mean SD Mean SD Mean SD
IPSS 0-00 2.39 —2.95* 2-48 1.43 4-09 —4.48* 374
Irritation questions 0-14 115 -1.14* 1.563 0-86 215 —1.62* 1.86
Obstruction questions —-0-14 1.68 -1.81* 1.94 0-57 2.38 —2.86* 2.52
Incomplete emptying: Over the past month 0-14 1.28 -0-24 1.04 0-29 1.52 —0-38 0-92
how often have you had a
sensation of not emptying your bladder
completely after you had finished urinating?
Frequency: Over the past month how —-0-14 0-65 -0-57 1-03 0-29 1-06 —-0-76 1.18
often have you had to urinate
again less than 2 h after you finished urinating?
Intermittency: Over the past month how 0-00 0.77 —-0-38 112 0-14 0-85 —-0-76 1.22
often have you found you stopped
and started again several times when
you urinated?
Urgency: Over the last month how 0-29 0-72 -0-33* 0-73 0-29 1-06 —0-48* 1.03
difficult have you found it to
postpone urination?
Weak stream: Over the past month -0-14 0-65 -0-67* 1.24 0-14 1.15 —-1.19* 1.40
how often have you had a
weak urinary stream?
Straining: Over the past month how -0-14 0-36 —0:52 0.75 0-00 0.52 —0-52* 0-93
often have you had to push
or strain to urinate?
Nocturia: Over the past month how 0-00 0-55 -0-24 0-70 0-29 0.72 —0-38" 0-86
many times did you most typically
get up to urinate from the
time you went to bed until
the time you got up in
the morning?
QoL -0-14 0-65 —0-52 0-68 0-00 0-77 -0-81* 0-75
IIEF-5 0-57 1.33 0-48 279 -0.71 217 0-05 1.88

*Mean value was significantly different from that of the control group (P<0-05).
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Fig. 1. Effect of cranberry (Vaccinium macrocarpon) on uroflowmetry parameters of maximal urinary flow rate (Qmax; @), average urinary flow rate (Qave; b),
prostate bladder voiding volume (V; c) and post-void residual urine volume (RV; d) during 6 months of treatment. (), Cranberry group; (OJ), control group.
The box-and-whisker graphs show the median as the middle line. The box extends from the 25th to the 75th percentile and the whiskers extend from the lowest
value to the highest. O, Outside values. *Median was significantly different from that of the control group (P<0-05).

Materials and methods
Cranberry fruit powder characterisation

CFP (lot 070306-B/07-0659 supplied by Decas Botanical
Synergies, LLC, Carver, MA, USA), containing 14-85%
(w/w) organic acids, 15-5% sugars, 0-11 % anthocyanins,
195 % condensed tannins, 3-49 % total phenolics, was used
for the clinical part of the study. One gelatine capsule
contained 500 mg CFP.

Study subjects and data collection

The study was conducted according to the guidelines laid
down in the Declaration of Helsinki, and all procedures
involving human subjects/patients were approved by the
Ethics Committee of the University Hospital and Faculty of
Medicine and Dentistry, Palacky University in Olomouc,
Czech Republic. Written informed consent was obtained
from all participants. A 6-month randomised controlled trial
was conducted from October 2008 to November 2009 at the
Department of Urology of the University Hospital.

Study subjects

We invited forty-two men, aged 45 to 70 years (mean age 63
(SD 5:5) years), to participate in the study. All subjects
entering the study had LUTS, elevated PSA and/or BHP.
Other inclusion criteria were histological findings of acute or

chronic non-bacterial prostatitis, normal urinary sediment
and negative bacterial cultivation of urine. The diagnosis
was asymptomatic inflammatory prostatitis category IV
according to the National Institute of Health classification
system"”. Exclusion criteria were no supplements such as
Se, vitamins E and D, lycopene or herbal products with poss-
ible effects on prostate health, a diet rich in isoflavones, anti-
biotics, anti-inflammatory drugs, a-blockers or Sa-reductase
inhibitors, food allergies, chronic liver or kidney diseases, gas-
trointestinal or metabolic disorder or any other chronic health
condition such as diabetes, all identified from interview.
Participants were randomly divided into two groups: control
(n 21; mean age 64-0 (SD 5-4) years) and cranberry (n 21;
mean age 62-0 (SD 5-4) years). In the cranberry group, three
capsules (1500mg CFP per d) were taken at approximately
equal intervals daily throughout the day for the 6-month
period. The size of the daily dose was based on our double-
blind study in young women'®. They were instructed not to
consume food rich in phenolics, especially anthocyanin-
containing fruits, and to make no other dietary or lifestyle
changes during the study. The control group received the
same instructions as the cranberry group but no cranberry
supplementation.

Data collection

Each case report form included: (i) a detailed medical history;
(ii) assessment of all concurrent medical drugs and therapies;
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(iii) digital rectal examination; (iv) dietary habits; (v) IPSS,
QoL and the abridged five-item version of the International
Index of Erectile Function (IIEF-5)"%; (vi) urinanalysis;
(vii) uroflowmetry with post-voidal residual urine; (viii)
kidney and bladder ultrasound; (ix) transrectal ultrasound
prostate volume; (x) a complete blood laboratory analysis.
The following data were also collected at baseline and at 3
and 6 months in all subjects: Se; testosterone; free PSA
(PSAfce); total PSA (PSA,,); CRP; antioxidant status; urine
ex vivo anti-adherence activity.

Lower urinary tract symptoms

All participants completed the IPSS including each of
the seven areas (feeling of incomplete emptying, frequency,
intermittency, urgency, weak stream, hesitancy and nocturia),
QoL and five-item version of the International Index of Erec-
tile Function (IIEF-5) questionnaires. Uroflowmetry data —
maximal urinary flow rate (Qu.x) and average urinary flow
rate (Q,,.) — were measured using the FlowMic (Medkonsult,
Olomouc, Czech Republic). Prostate bladder voiding volume
(V) and post-void residual urine volume (RV) were assessed
using the BK Medical Viking 2400 (BK Medical World
Headquarters, Herlev, Denmark) with abdominal probe
3-7MHz. V and RV were calculated using the formula for
a prolate ellipsoid (width X length X height X 0-523). Histo-
pathological examination of prostate tissue was done using
ultrasound-guided prostate biopsy (BK Medical Viking
2400, transrectal probe 5-12MHz; BK Medical World
Headquarters) in all subjects.

Clinical biochemistry and haematology

Basic biochemical and haematological parameters were deter-
mined in all samples: Na, K, chlorides, total cholesterol, LDL,
HDL, TAG, apoA, apoB, CRP, alkaline phosphatase, alanine
aminotransferase, aspartate aminotransferase, vy-glutamyl
transpeptidase, lactate dehydrogenase, urea, creatinine, and
testosterone were quantified in serum using a Hitachi Modular
Evo P Analyzer (Hitachi, Tokyo, Japan). PSA (PSA,, and
PSAfce) in serum was determined using an Architect type
LEIA Analyzer (Abbott Laboratories, Abbott Park, IL,
USA). Analysis of selected parameters, i.e. total antioxidant
capacity and total thiol (SH) groups in plasma, lipid peroxi-
dation products such as malondialdehyde in plasma and eryth-
rocytes, advanced oxidation protein products in serum,
glutathione, glutathione peroxidase, catalase, glutathione
reductase, glutathione transferase, and superoxide dismutase
in erythrocytes was carried out as described by Psotova
et al.®”. Se in plasma was determined by atomic absorption
spectrometry using the AA6300 instrument (Shimadzu,
Kyoto, Japan). Hb, packed cell volume, erythrocytes, throm-
bocytes and leucocytes were measured in Na,EDTA blood.

Urinanalysis

Urine samples were collected from a midstream clean catch
and analysed by the 1Q200 Automated Urinanalysis System
(IRIS International, Inc., Chatsworth, CA, USA).

Table 3. Values of uroflowmetry in control and cranberry groups

(First quartiles, medians and third quartiles)

Control group

Cranberry group

Day 180

Day 90

Day 0

Day 180

Day 90

Day 0

3rd
quartile

1st

quartile

3rd
quartile

1st

quartile

3rd
quartile

1st

quartile

3rd
quartile

1st

quartile

3rd
quartile

1st

quartile

3rd
quartile

1st

quartile

Median

Median

Median

Median

Median

Median

Parameter

19-9

137 91 114 184 10-2 13* 17-8 121 152 20-4 115 17-2 19-8 11 175
10 7-8* 9
342 280" 308

117

10-3

Qrmax (ml/s)
Qave (MI/s)

V (ml)
RV (ml)

133
456

6-3
245

13-2
487

9.2

354

6-3
223

13.2
444

6-9
232

97
320

6-5
221

73
276*

6-8
236

4.7
184

340

233

288

60

30"

15

26

6*

30

27

10

25

0*

25

13*

70

32

14

Qmax, maximal urinary flow rate; Qaye, average urinary flow rate; V, prostate bladder voiding volume; RV, post-void residual urine volume.
*Median was significantly different from that at day 0 (P<0-05).
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Fig. 2. Effect of cranberry (Vaccinium macrocarpon) on free prostate-specific antigen:total prostate-specific antigen ratio after 90 and 180d of consumption.
The values are expressed as difference values based on day 90 and day 0 (a) and day 180 and day O (b) of study. (—), Cranberry group; —, control group.
* P<0-05 v. control. The numbers near to the lines correspond with the number of each participant.

Anti-adherence activity of urine

Four biofilm-positive micro-organisms were used: Escherichia
coli FB42, Enterococcus faecalis FB16 and Candida parap-
silosis BC 12 (clinical strain; Collection of the Department
of Microbiology, Faculty of Medicine, Masaryk University,
Brno, Czech Republic) and Staphylococcus epidermidis
CCM 7221 from the Czech Collection of Micro-organisms
(CCM; Faculty of Sciences, Masaryk University, Brno,
Czech Republic). The bacteria were stored in cryotubes at
—76°C. The biofilm formation was detected using a modi-
fication of the adherence assaym). The experiment was
repeated three times.

Statistical analysis

The data were analysed using the non-parametric Wilcoxon
two-tailed tests (paired-samples and independent-samples) to
test the statistical significance of differences in all parameters
on days 0, 90 and 180. The level of significance was 5 %.
Values are presented as 1st quartile, median and 3rd quartile
or mean value and standard deviation. Box and empirical
cumulative distribution plots were used as graphic illustration
of significant differences in progression over 3 and 6 months
between the groups.

Results

At baseline both groups had similar clinical and demographic
characteristics except for significant differences in BMI and
Qmax Vvalues (Table 1). The daily dose of CFP contained
223 mg organic acids, 1-65mg anthocyanins, 29-5mg con-
densed tannins and 52 mg total phenols. Patients who received
cranberry for 6 months had a statistically significant lower
IPSS and QoL score than controls. A lower IPSS score
reflected improvement in the irritative and obstructive symp-
toms (Table 2). All parameters of urination (Q,.x, average
urinary flow rate (Q,ye), prostate bladder voiding and post-
void residual urine volumes) were significantly improved in
at least 70 % of participants of the cranberry group (Fig. 1);
in the control group, the tested parameters did not change

with the exception of post-void residual urine volume where
a statistically significant deterioration was found (Table 3).
Haematology values were unchanged with the exception of a
significant increase in erythrocytes in the cranberry group,
which, however, was within physiological limits (Table 4).
PSA, decreased in approximately 80% of patients in the
cranberry group while, in contrast, the PSAg..:PSA, ratio
mostly increased (Table 4; Fig. 2). Although changes in the
values of several ‘safety’ markers were statistically signifi-
cantly different, after 6 months for both groups, the fluctuation
was within normal physiological limits. From this point of
view, the cranberry group compared with the control group
stabilised and this might be true for oxidative stress markers
as well (Table 5). Differences in urine adherence ex vivo in
both groups were not significantly different. No adverse
events were recorded.

Discussion

Plant extracts for urinary tract disorders have long been used
in traditional medicine. Today, botanical diuretics, antimicro-
bials and anti-adherence agents, renal protectives and herbs for
patients with LUTS or BHP are requested by patients, even
though accepted only with reservation by urologists®*%>.
Cranberry fruit and juice are noted for their ability to inhibit
the binding of pathogenic E. coli strains and other microbes
to the bladder epithelium. This effect has been attributed to
proanthocyanidins (condensed tannins), even if a more
simple explanation might be the direct antibacterial action of
hippuric acid"®. Cranberry prophylaxis is also recommended
to women with recurrent urinary tract infection. In a recent
publication, for example, the antibiotic Trimethoprim was
shown to have minimal advantage over cranberry extract in
the prevention of recurrent urinary tract infections in women
and had side effects®”. LUTS refer to a complex of irritative
and obstructive voiding symptoms that are common in both
ageing women and men. Prostate enlargement and BPH
affect primarily older men. The incidence of LUTS associated
with BPH increases dramatically with advancing age®>.
Unfortunately, no trials have yet been published assessing
the effect of cranberry components on men with indicated

71



1187

Effect of cranberries on urinary tract

"(50-0>d) 0 Aep 1e yey} wouy Jusiayp Apueoubls sem uelpsi ,
‘asejonpal suolyiein|b ‘Ysy ‘eselajsuel) suolyrein|b ‘| o ‘esejeied ‘| v ‘asepixosad
suolyrein|b ‘Xxdo ‘eselnwsip apixosadns ‘gqOs ‘euolyieinb ‘HsH ‘epAysplelpuojew ‘YA ‘Anoeded juepixonue [ejo} ‘Ov1 ‘syonpoid uiejoid uonepixo psoueApe ‘ddOv ‘sdnoib joiyl [ejo} HHS ‘epAysplelpuoew ewseld ‘YN

(gH 6 4ed uiwyjowr)

8¢9 L8V 98} €e'S 18y 82 v/, 85y 92¢ 515 €99 60°S 692 809 60°S G29 29§ Sev HSH
(gH 6 48d uiwyjow)

629 olL-6v S0-8l LE- 19 SO LS G691 Lv°09 AR €9l ¥G-9G 99y 80y 8G'69 80-9% €2'6€ I-€9 14474 10-9€ 1S9
(gH 6 48d uiwyjow)

80'vCl  «09°LLL le bk 86°LLE  «E6°GLL  9€-86 ¥/:€2L 0 10} €166 Le-62k 0€20l €S-0F €LvEL 67801 08-'6€ 9g- ek 2996 L1-6E 1v0
(gH 6 48d uiwyjow)

G062 e L.€2 9¢g-/L2 686} 6881 29-9¢ 1/:2¢ gc e /1862 80-G¢ 8¢-€2C V162 9/-9¢ 9¢-2¢ cl-62 60,2 8G-2¢ Xd9

902 S6°t 0S°+ «10C 99°t 8kt S0 88| 1G4 gee 14%4 120C €2 80C 16°} Lee yAN 8.1 (aH 6/n) aos

L2} ) erA s cL6 SN0 ferAo ] €6 24t 0L-0k 698 1454} Sk 98:0} Skek ShetE 20k 1611 280l 620l (aH B/1owM) HSD

810 <70 [erA0] [§40] 9€-0 ferA0] [ 40l Se0 620 -0 6€-0 €e0 L0 €0 2e0 10 €0 L0 (aH B/10wu) vaw

9€'9 (A4 K7 0S9 (R Sev 619 6€°S (8744 629 28'G 62'S 0G-9 109 80-G ¥9-9 [N 26y (vu) OoVL

G982  .E'SSk 6-6St €v./2 «7081 14t 1-20€ €¢cc 065} S-0ve 2€02 c 19t §/S2 ¥-20e 9:09} cLee 0661 6'681 (1now) ddov
(ureyoud Bjowrr)

v.€ o€ 00'€ €€ €Le 10-€ 9G€ 2s€ oLe Ly cLE €8¢ €67 okt (04 90 S9-¢€ 90-€ ¥IHHS
(ureyo.d 6/j0wu)

1769 6119 19y /8'€9 021§ OkLlv S0 G509 €2'1S 09-92 082S 010G oL LY. ¥G-0G 0v-9. 9v-09 LL-6Y VaiNd

ajuenb  ueipsy aluenb  sjiuenb ueipaly oypenb  epuenb  ueipsly  epenb  epuenb ueipsly  eiuenb  epuenb  ueipspy  eiuenb  epuenb  ueipspy  sjiuenb Jayewelred

pig SL pig 1SL pig 1SL pig 1S1 pig 1S1 pig 1SL
08} Aeq 06 Aeq 0 Aeg 08l Aeg 06 Aeq 0 Aeg

dnoJb josuo)

dnoib Aueques)

(se|iuenb paiyy pue sueipaw ‘sajienb 1siiH)

sdnoiB Allaqueld pue |04jU0D Ul SSBJIS BAIIBPIXO JO SISNJB|N °G d|qel

72

uoptanN jo [eudnof ysnug QNI



INY British Journal of Nutrition

1188 A. Vidlar et al.

LUTS and/or increased PSA levels. Recently published results
have demonstrated that CP might be linked to a higher pros-
tate cancer risk®®. The present study was focused on men
with diagnosed LUTS, increased PSA level, and histologically
confirmed non-bacterial prostatitis. We selected cranberry
whole fruit powder in preference to cranberry extract for the
present study. Our previous work had shown equivalent effi-
cacy between CFP and two different cranberry extracts®”.
The daily dose of 1500 mg dried cranberries was based on
our double-blind study in young women'®. This dose elicited
urine anti-adherence activity but had no adverse effects.
In participants taking cranberry for 6 months there was, in
addition to a marked improvement in all urodynamic para-
meters (Fig. 1), a statistically significant decrease in the
IPSS score, and an increase in the quality of life evaluated
by the QoL questionnaire (Table 2). Taking cranberry affected
the value of PSA (Table 4). In the cranberry group, both a
decrease in the PSA value and an increase in the PSAj..:
PSA, ratio (Fig. 2) without affecting CRP or testosterone
levels were recorded. The use of selective 5-a-reductase
inhibitors has often been linked to hormone changes associ-
ated with unpleasant sexual side effects, in particular, erectile
dysfunction and decreased libido®®??. The treatment
approach in patients with elevated PSA and histologically
confirmed prostatitis is rather complicated and may involve
long-term antibiotics with the expectation of lowering the
PSA level. The decrease in PSA in the cranberry group
demonstrates that prophylaxis by cranberry may be as effec-
tive as antibiotic treatment but without the risk of anti-
microbial resistance and a minimum of adverse effects.
The diuretic effects of cranberries may also have contributed
to the reduction in LUTS in the cranberry group(30). Cranber-
ries contain several structurally different groups of compounds
that modulate various cellular pathways in man including the
urinary tract and the prostate. However, phenolics, as phenolic
acids, anthocyanins and proanthocyanidins, that are metab-
olised mainly to hippuric acid, are assumed to be the active
components. The synergistic effects of cranberry constituents
may improve their bioactivity. Use of the whole berries may
be more beneficial than single components and with minimal
adverse effects.

Conclusions

Our trial is the first to evaluate cranberry in the treatment of
LUTS specifically in men with BHP, elevated PSA levels
and non-bacterial prostatitis. The present results show that
dried cranberries improve prostate health very effectively
both in men with elevated PSA in histologically proven pros-
tatitis and for improving voiding dysfunction. In the cranberry
group, no associations were found between dried powdered
berry consumption and CRP levels. Unlike currently used
medication for prostatitis and LUTS, cranberry has no adverse
effects. Our findings may assist men suffering from LUTS,
and also their clinicians, to decide on a treatment that is
both inexpensive and natural, like cranberry. The limitations
of the present study include the relatively small number of
men. Given the probability that some responses on the IPSS
and QoL questionnaires in the cranberry group may have
been secondary to a placebo effect, there is a need to control
for this in future clinical trials.
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5.6 Vliv V. macrocarpon na urologické parametry muzii u muzu
se symptomy dolnich cest mocovych

(priloha 6)

Vliv klikvy velkoplodé byl ovéfen u dosud urologicky nelécenych muzi
s po¢inajicimi LUTS (IPSS<8, PSA<2.5 ng/ml). Celkem 124 muzi bylo randomizovano
do tif skupin: placebo, 250 mg a 500 mg lyofilizovaného plodu klikvy velkoplodé/den
po dobu Sesti mésict.

U vyssi davky klikvy 500 mg byl prokdzan vliv lyofilizovany plodu klikvy
velkoplodé na LUTS (pokles IPSS skoére o 3 body) (obr. 7).

—&— placebo
- ® - Kklikva 250 mg
—e— Kklikva 500 mg

Zmeéna celkového IPSS

0 90 180
Doba 1é¢by (dny)

Obr. 7. Vliv klikvy velkoplodé na hodnoty IPSS skére ve skupiné placebo, klikva 250 mg
a 500 mg/den.

Hodnoty jsou vyjadieny jako rozdil mezi dnem 180 (T3) a dnem 0 (T1) studie.

p < 0,05 skupina klikva 250 mg i 500 mg vs. placebo
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Abstract

Background Lower urinary tract symptoms (LUTS) and
benign prostatic hyperplasia increase with age. To date,
several medications are available to treat LUTS, including
herbal remedies which offer less side effects but lack robust
efficacy studies.

Methods This 6-month, randomized, double-blind, pla-
cebo-controlled study aimed at evaluating the dose effect
of 250 or 500 mg cranberry powder (Flowens™) on LUTS
and uroflowmetry in men over the age of 45. A total of
124 volunteers with PSA levels <2.5 ng/mL and an inter-
national prostate symptoms score (IPSS) score >8 were
recruited and randomized. The primary outcome measure
was the IPSS, evaluated at 3 and 6 months. Secondary out-
come measures included quality of life, bladder volume
(Vol), maximum urinary flow rate (Q,,,,), average urinary
flow rate (Q,.). ultrasound-estimated post-void residual
urine volume (PVR), serum prostate-specific antigen, sele-
nium, interleukin 6, and C-reactive protein at 6 months.
Results After 6 months, subjects in both Flowens™
groups had a lower IPSS (—3.1 and —4.1 in the 250- and
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500-mg groups, p = 0.05 and p < 0.001, respectively) ver-
sus the placebo group (—1.5), and a dose-response effect
was observed. There were significant differences in Q,,,,
Q. PVR, and Vol in the Flowens™ 500-mg group ver-
sus baseline (p < 0.05). A dose-dependent effect on Vol
was observed, as well as on PVR, for participants with a
nonzero PVR. There was no effect on clinical chemistry or
hematology markers.

Conclusions Flowens™ showed a clinically relevant,
dose-dependent, and significant reduction in LUTS in men
over 45.

Keywords Vaccinium macrocarpon - Cranberry - Lower
urinary tract symptoms - Benign prostatic hyperplasia -
IPSS

Background

Lower urinary tract symptoms (LUTS) become increas-
ingly bothersome as men age, with a prevalence of mod-
erate-to-severe symptoms rising to nearly 50 % of men in
their eighties [1]. LUTS may be related to benign prostatic
hyperplasia (BPH) that occurs in 50 % of men in their 50
and 90 % of men in their eighties [1] or can arise from age-
related bladder detrusor dysfunction and other sympathetic
conditions [2]. LUTS are measured using the international
prostate symptoms score (IPSS), a validated tool, widely
used among the medical community [3].

Although LUTS are not a life-threatening condition, its
impact on quality of life (QoL) can be significant and treat-
ment is necessary in most cases to avoid complications [4]
and in certain cases, surgery may be recommended. Upon
diagnosis, watchful waiting is recommended in approxi-
mately 34 % of cases in the USA [1].

@ Springer
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Registered pharmacological treatments for LUTS may
be responsible for a variety of side effects. Complementary
medicine is increasingly being used by men who wish to
reduce LUTS [5]. Current herbal remedies include sting-
ing nettle (Urtica doica), saw palmetto (Serenoa repens),
African plum (Pygeum africanum), rye pollen (Secale cere-
ale), South African star grass (Hypoxis rooperi), pumpkin
seeds (Cucurbita pepo L.), pine (pinus), spruce (picea),
flaxseed, and beta-sitosterol, which may exert inhibition of
Sa-reductase, as well as anti-estrogenic, anti-proliferative,
and anti-inflammatory effects [5].

Cranberry fruit (Vaccinium macrocarpon Ait., Eri-
caceae) was used by Native Americans to treat kidney and
urinary ailments [6]. Cranberry fruit is recognized as a rich
source of organic and phenolic acids, flavonols, flavan-
3-ols, anthocyanins, proanthocyanidins (PACs), and pen-
tacyclic triterpenoids, including ursolic and oleanic acids
[7]. Preventive use of cranberry ingredients for urinary tract
infections has encouraged this research on LUTS in men.

A recent study reported that a 6-month daily intake of
1500 mg cranberry powder significantly reduced the IPSS
by 4.48, increased the urinary flow rate, and reduced total
prostate-specific antigens (PSA) and post-void residual vol-
ume (PVR) in men with LUTS [8]. The aim of this study
was to evaluate the effect of a 6-month daily intake of 250
or 500 mg of cranberry powder (Flowens™) on lower
urinary tract (LUT) parameters in men with moderate-to-
severe LUTS with IPSS score >8 and a PSA <2.5 ng/mL.

Methods
Flowens™ and placebo capsules

Flowens™ (dry cranberry powder, Batch No. 120906) sup-
plied by NATUREX-DBS LLC., USA, was used. Capsules
consisted of either 500 mg of Flowens™ or a combination
of 250 mg of Flowens™ and 250 mg of placebo or 500 mg
of placebo (low-density STAR-DRI® 1015A maltodex-
trin, canola oil, Red 40 Lake, sodium aluminum silicate,
and Blue 1 Lake). The capsules were indistinguishable in
appearance. All capsules were provided in identical plastic
boxes with safe seal.

Study design and participants

The study was a 6-month, single-center, randomized,
double-blind, placebo-controlled trial, consisting of three
parallel treatment arms. The study was conducted at the
Department of Urology at the university hospital in Olo-
mouc in the Czech Republic, according to the guidelines
laid down in the Declaration of Helsinki. All procedures
involving human subjects were approved by the Ethics

@ Springer

Committee of the University Hospital and Faculty of Medi-
cine and Dentistry, Palacky University in Olomouc, Czech
Republic (reference 55/12). Enrollment began in Octo-
ber 2012 with follow-up completed in July 2013. Inclu-
sion criteria comprised IPSS score >8 and PSA values
<2.5 ng/mL. Exclusion criteria included food allergies,
prostatitis, chronic liver or kidney diseases, neurological,
gastrointestinal or metabolic disorder, or any other chronic
health condition. Subjects were also ineligible if they had
prior invasive treatment for BPH or recent treatment with
a-blockers (within 1 month) or Sa-reductase inhibitors
(within 6 months) or phytotherapy (within 3 months). The
primary endpoint of this study was the evaluation of LUTS
using IPSS, evaluated at baseline, 3, and 6 months. Second-
ary endpoints included quality of life (QoL) at baseline,
3, and 6 months, as well as bladder voided volume (Vol),
maximum urinary flow rate (Q,,,,), average urinary flow
rate (Q,,.), ultrasound-estimated PVR, serum PSA, sele-
nium, interleukin-6 (IL-6), and C-reactive protein (CRP), at
baseline and 6 months.

Intervention and randomization

Written informed consent was obtained from the eligible
participants. They were instructed not to make dietary or
lifestyle changes during the study. Participants were ran-
domly assigned to consume daily 500, 250 mg of Flow-
ens™ or placebo for 6 months. The randomization plan
was generated with online software QuickCalcs (Graph-
Pad Software Inc., USA, last accessed on July 2, 2014)
and carried out by clinical staff not directly involved in the
study.

Participants were observed at baseline and 6 months
for: (1) detailed medical history, (2) assessment of all con-
current medical drugs and therapies, (3) dietary habits, (4)
completion of the IPSS questionnaire, including a ques-
tion on QoL, (5) urinalysis, (6) uroflowmetry, (7) kidney
and bladder ultrasound, and (8) blood laboratory analysis
including PSA. At 3 months, only the physical examina-
tion and IPSS score were performed. The Flowens™ bot-
tles were collected at 3 months and at the end of study.
Compliance was assessed by performing remaining cap-
sule counts.

Uroflowmetry

Omax and Q,.. were measured using FlowMic (Medkon-
sult, Czech Republic). The Q,,,, and Q,,. were calculated
by measuring the Vol per unit of time. PVR was assessed
within 10 min of voiding using an ultrasound device BK
Medical Viking 2400 with abdominal probe 3—7 MHz. Vol,
and PVR were calculated using the formula for a prolate
ellipsoid (width x length x height x 0.523).
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Table 1 Summary of baseline characteristics and LUT measures

Placebo (n = 41)

Flowens™ 250 mg (n = 43) Flowens™ 500 mg (n = 38)

Age (years) 54.0+£5.1 533+£52 525+54
Weight (kg) 89.3+11.9 912+ 11.9 90.1 £+ 8.0
Height (cm) 178.5 £ 6.6 180.6 & 6.6 180.7 + 6.2
Body Mass Index 28.1 £3.8 279 +2.9 27.7+3.0
Systolic blood pressure (mmHg) 131.1 £ 12.1 130.6 = 10.1 1321 £ 11.5
Diastolic blood pressure (mmHg) 80.1£7.3 80.5£72 80974
Heart beat (bpm) 68.9 £ 3.5 67.8 4.6 68.1 4.4
IPSS (score) 9.1£20 9.7 £3.1 94+20
PVR (mL) 15.0 £ 19.2 15.9 £23.2 17.8 £21.0
Opmax (ML/s) 220+7.8 20.5+7.1 195+ 7.5
O, (ML/s) 143452 125+4.6 125+5.5
Bladder volume (mL) 408.5+117.9 3399+ 114.4 339.0 £ 118.9
Results are presented as mean =+ standard deviation (SD)

Clinical chemistry and hematology Results

Basic biochemical and hematological parameters were
determined in all samples using a HITACHI Modular Evo
P analyzer (Hitachi, Japan). Serum PSA was determined
using an Architect-type LEIA analyzer (Abbott Labora-
tories, Abbott Park, IL, USA). CRP was determined by a
Quikread 101 and IL-6 by the system Modular® Analyt-
ics <E176>. Selenium in plasma was estimated by atomic
absorption spectrometry using the AA6300 instrument
(Shimadzu, Japan). Hemoglobin (Hb), hematocrit (Htc),
erythrocytes (RBC), thrombocytes (PLT), and leukocytes
(WBC) were measured in Na,EDTA blood.

Statistical methods

The primary and secondary analyses were based on the
per-protocol population that included all eligible par-
ticipants who were treated during the entire length of
the study. A Mann—Whitney U test was used to compare
both treatment dose and placebo data. Differences versus
baseline measures were performed using the Wilcoxon
matched pairs test. P values <0.05 were considered to be
significant.

An analysis of covariance was used to test whether there
was an effect of the dose on the outcome measure at the
end of treatment. The volume of urine among participants
with PVR was modeled using a truncated Poisson distribu-
tion. A two-stage model was fit using the hurdle function
in the ‘pscl’ package (Developed by Achim Zeileis and
Simon Jackman, Stanford University) running on R version
3.0.0. Dose/250 mg, baseline PVR, and baseline IPSS were
entered into this model.

A total of 148 men were pre-screened for the study. A total
of 124 men were randomized, 41 to the placebo group, 43
to the Flowens™ 250-mg group, and 40 to the Flowens™
500-mg group. In the Flowens™ 500-mg group, two par-
ticipants were lost to follow-up and were not included in
the per-protocol analysis. Table 1 presents a summary of
baseline characteristics and LUT function measures across
the three groups of the analysis. Adherence with scheduled
visits was 98.4 %. Compliance to the treatment was 100 %.

IPSS data with voiding and storage symptom subscore
and QoL data during the 6-month treatment period are
presented in Table 2. Uroflowmetry data are presented in
Table 2.

At 6 months, mean difference and corresponding 95 %
confidence interval (CI) were —1.5 (—2.2, —0.89) for the
placebo group, —3.1 (—4.0, —2.2) for the Flowens™ 250-
mg group, and —4.1 (—4.7, —3.5) for the Flowens™ 500-
mg group (Fig. 1).

Analysis of covariance for IPSS at 6 months with base-
line IPSS entered as a covariate showed a significant dose
effect (t,,9 = —4.8, p < 0.0001) and a significant effect of
baseline score (#;;9 = 8.3, p < 0.0001). In the Flowens™
500-mg group, a significant reduction in voiding symp-
toms was observed at both visits (p = 0.03 and p < 0.001,
respectively); as well as storage symptoms at 6 months
(p = 0.018) (Table 2). At 6 months, analysis of covariance
of Q. and Q, . found a statistically indeterminate effect
of dose. 59, 49, and 50 % of the participants in the placebo,
250, and 500 mg Flowens™ groups reported a nonzero
PVR, respectively, which represented a significant dose-
dependent reduction in PVR of 0.09 (95 % CI 0.03-0.14)
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Table 2 Participants IPSS score, voiding and storage symptom score, quality of life score, and uroflowmetry at baseline, 3, and 6 months after
placebo, Flowens™ at 250- or 500-mg intake

Group Baseline, 3 months, 6 months, Mean £ SD  Relative change at
Mean £ SD (p Mean =+ SD (p (p value) 6 months (% change vs
value) value) placebo)
Total IPSS score Placebo 9.1+20 74+20 7.6 +2.6 —-15+21
Flowens™ 250 mg 9.7+3.1 (NS) 7.6 £3.7 (NS) 6.6 34 0.05 —-3.1£3.0
Flowens™ 500 mg 94+£20 (NS) 6.5+2.6 (NS) 53+£25 <0.001* —4.1+£19
Voiding/obstructive Placebo 49+ 1.8 37+£1.6 39+23 —-1.0£1.9
symptoms score Flowens™ 250 mg 51+24 (NS) 3.6 2.7 (NS) 34+£28 (NS) —1.8+£2.1
Flowens™ 500 mg 4.6+ 1.8 (NS) 29417 0.03* 23+14 <0.001* —23+1.8
Storage/irritative symp-  Placebo 42+13 3714 3714 —-05+£1.2
toms score Flowens™ 250 mg 46=+1.5 (NS) 3.8+1.8 (NS) 33+£15 (NS) —13+£1.6
Flowens™ 500 mg 48+ 1.6 (NS) 3.6 2.0 (NS) 3.0£19 0.018* —1.8+14
Quality of life Placebo 24+09 2.1+£0.8 2.0+0.7 —0.4 +£0.81
Flowens™ 250 mg 23+£0.8 (NS) 22+£09 (NS) 2.0£0.7 (NS) —0.3£0.7
Flowens™ 500 mg 2.1£0.6 (NS) 2.0+£0.7 (NS) 1.9+0.5 (NS) —-0.2+£0.6
O nax (mML/s) Placebo 220+7.8 - - - 219+ 8.6 (NS) —0.1£5.2
Flowens™ 250 mg 20.5 £ 7.1 - - - 214 +6.7 (NS) +09+5.0
Flowens™ 500 mg 19.5+7.5 - - - 21.7+£8.9 0.018% +2.2+5.8
Qe (mL/s) Placebo 143 +52 - - - 142 +£5.1 (NS) —0.1£28
Flowens™ 250 mg  12.5 £ 4.6 - - - 13.2+4.0 (NS) +0.7 £ 34
Flowens™ 500 mg 125+ 54 - - - 13.8 £5.7 0.040% +1.3+39
PVR (mL) Placebo 150+ 192 - - - 144 £ 183 (NS) —0.6 £24.5
Flowens™ 250 mg 159 +£232 - - - 13.6 £ 18.1 (NS) —2.3+£263
Flowens™ 500 mg 17.8 £21.0 - - - 99+ 136 0027} —-79+214
Vol (mL) Placebo 408.5 £ 117.9 - - - 364.3 £ 112.5 (NS) —442 + 920

Flowens™ 250 mg 3399 + 1144
Flowens™ 500 mg 339.0 + 118.9

368.6 + 104.6 (NS) +28.7+112.6
393.0 £ 134.0 0.014% +54.0+122.5

Results are presented as mean £ SD
NS not significant
* Denotes a significant difference versus placebo using the Mann—Whitney U test

% Denotes a significant difference versus baseline using the Wilcoxon matched pairs test

Fig. 1 Mean change in total
IPSS score from baseline.
Data represent the mean
change = the standard error

10}
of the mean. *p < 0.05 versus £
placebo based on analysis of 3
covariance at the end of treat- g J
ment ©
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) S~ *
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per 250-mg dose, for a given baseline PVR and IPSS
(z = =3.0, p = 0.003). Vol measurements, with baseline
Vol entered as a covariate, found a significant linear effect
of dose (#;;9 = 2.8, p = 0.005).

All clinical hematology parameters were within normal
range at the beginning and at the end of the study, thereby
demonstrating the safety of the intervention product (data
not shown).

Discussion

This double-blind, randomized, placebo-controlled study
demonstrated the efficacy and the safety of the daily intake
of Flowens™ at 250 or 500 mg in men with LUTS for
6 months. At 6 months, the decrease in IPSS score was sig-
nificant and dose dependent (—3.1 and —4.1 in the 250 and
500-mg groups, p = 0.05 and p < 0.001, respectively) ver-
sus the placebo group (—1.5), while no side effects were
observed. This decrease in IPSS score was >3 versus base-
line for both doses, which is considered clinically meaning-
ful by the American Urological Association [3]. In the 500-
mg group, voiding symptoms were significantly reduced
at 3 and 6 months versus placebo, and storage symptoms
were significantly reduced versus placebo at 6 months. In
addition, all parameters (Q,..» Qe Vol, and PVR) were
significantly improved versus baseline at the end of treat-
ment (p < 0.05). However, urinary flow rate measures tend
to suffer from some inaccuracy due to the natural variation
in urinary flow with the same individual from test to test
and to training effect. Urinary flow rate also decreases as
men age, and a clinical cutoff value of 15 mL/s has been
defined to identify those with higher risk of having blad-
der outlet obstruction [9], defining the current cohort as
being moderately symptomatic. A PVR superior to 100 mL
suggests abnormality and could require further tests [10].
Although a strong relationship has been found between
PVR and prostate volume [11], PVR lacks precise clini-
cal or urodynamic meaning [12], limiting direct conclu-
sions linking PVR with the beneficial effect of Flowens™
on LUTS. Bladder volume was also significantly increased
with Flowens™ dose, which may be related to an improve-
ment in bladder detrusor activity [2, 13].

The results obtained with Flowens™ were superior to
those observed with most other botanicals. For instance,
Serenoa repens (Saw palmetto) was not superior to pla-
cebo at any dose after a 72-week trial [14]. In addition,
only few Serenoa repens studies used validated symptom
scores, and most were-short duration studies [15]. Purified
beta-sitosterol, on the other hand, significantly improved
IPSS score to an extent similar to that of Flowens™; a
—4.9 weighted mean difference was observed in two dif-
ferent 6-month studies [16]; however, these studies were

conducted in the early 1990s, and no additional trial has
confirmed these results, except for a few open studies on
stinging nettle [17, 18]. A Concord grape juice was overall
not effective at reducing LUTS in men over 45 years old,
albeit an improvement in Q,,.. These results might be due
the length of the study, as well as a low concentration in
antioxidant compounds [19].

Potential mechanism of action may involve effects on
the bladder detrusor contraction and relaxation (through
muscarinic receptor agonist or a-blockers) or on dynamic
and static prostatic components of voiding (through
a-blockers, Sa-reductase inhibition, or phosphodiesterase-5
inhibition), modulation of micturition reflex, or reduction
in inflammation [2, 20-24].

Conclusions

In this double-blind, randomized, placebo-controlled inter-
vention study, 250 or 500 mg of Flowens™ taken once daily
showed significant, clinically meaningful and dose-depend-
ent reduction in LUTS, as demonstrated by a reduction in
IPSS score of >3 after a 6-month period. Larger, multi-cen-
tric clinical studies with a longer follow-up period and side
effects reporting may be warranted to confirm these data in
order to recommend Flowens™ as a possible alternative in
reducing LUTS for moderately symptomatic men.
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5.7 Vliv V. macrocarpon na biochemické markery u muzu
s rakovinou prostaty

(studie 7)

V randomizované, dvojité slepé, placebem kontrolované studii byl ovéien tcinek
klikvy velkoplodé na pacienty sprokizanym KP (studie 7). Praskovity plod
V. macrocarpon byl uzivan v davce 1500 mg/den pacienty 30 dni pred radikalni
prostatektomii. Dle vysledkti bylo PSA v den operace o 22,5 % nizsi ve skuping klikvy,
naopak o 0,9 % vyssi v placebové skupiné. Snizeni sérového PSA muze byt spojeno
s down-regulaci beta-microseminoproteinu (MSMB). Signifikantni vzestup hladiny
malondialdehydu v plazmé u obou skupin ukazuje, ze uzivani brusinky nema u pacientti
s karcinomem prostaty vliv na snizeni oxidacniho stresu. Vysledky prokazuji,
ze intaktni plod obsahuje latky, které reguluji expresi androgen-sensitivnich genti
coz by mohlo oddalit biochemicky névrat onemocnéni. Nase vysledky o vlivu plodu
V. macrocarpon jsou prvnim in vivo potvrzenim pusobeni obsahovych latek plodu
klikvy na buiiky nadoru prostaty u muza. Ve studiich G¢inkt plodu klikvy na karcinom
prostaty byly experimenty provadény pouze na Sesti liniich nédorovych buné¢k
nebo laboratornim potkanu (1 studie) s vyvolanym nadorem prostaty. Aplikovany

byly extrakty polyfenoll ziskané ze stavy plodu (Weh et al., 2016).
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Cranberry intervention in patients with prostate cancer prior to radical
prostatectomy. Clinical, pathological and laboratory findings

Vladimir Student?, Ales Vidlar?, Jan Bouchal®<, Jana Vrbkova¢, Zdenek Kolar"<, Milan Kral?, Pavel Kosina, Jitka Vostalova‘

Background and Objectives. Recently, we described an inverse association between cranberry supplementation and
serum prostate specific antigen (PSA) in patients with negative biopsy for prostate cancer (PCa) and chronic nonbac-
terial prostatitis. This double blind placebo controlled study evaluates the effects of cranberry consumption on PSA
values and other markers in men with PCa before radical prostatectomy.

Methods. Prior to surgery, 64 patients with prostate cancer were randomized to a cranberry or placebo group. The
cranberry group (n=32) received a mean 30 days of 1500 mg cranberry fruit powder. The control group (n=32) took a
similar amount of placebo. Selected blood/urine markers as well as free and total phenolics in urine were measured at
baseline and on the day of surgery in both groups. Prostate tissue markers were evaluated after surgery.

Results. The serum PSA significantly decreased by 22.5% in the cranberry arm (n=31, P<0.05). A trend to down-regula-
tion of urinary beta-microseminoprotein (MSMB) and serum gamma-glutamyltranspeptidase, as well as upregulation
of IGF-1 was found after cranberry supplementation. There were no changes in prostate tissue markers or, composition
and concentration of phenolics in urine.

Conclusions. Daily consumption of a powdered cranberry fruit lowered serum PSA in patients with prostate cancer.

The whole fruit contains constituents that may regulate the expression of androgen-responsive genes.

Key words: Vaccinium macrocarpon, randomized controlled trial, adenocarcinoma, PSA, cancer markers, urinary

metabolites.
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INTRODUCTION

Prostate cancer (PCa) is the second leading cause of
cancer death in men in Europe!. Advanced age, race, and
a family history of PCa are identifiable risk factors as-
sociated with PCa occurrence. Physical activity and diet,
modifiable risk factors, have been suggested to play a role
in the pathogenesis of PCa (ref.?). Consuming a more
plant-based diet for cancer prevention is recommended?.
Several components derived from edible plants may con-
tribute in reducing the risk of PCa (ref.*). Thus, food
components (nutraceuticals) or complex plant extracts
act as anti-oxidants, anti-inflammatory remedies, weak
So-reductase inhibitors or target androgen receptor (AR)
synthesis and signalling®. Molecular mechanisms of the
anti-cancer action of natural products were mostly stud-
ied on human androgen-dependent and/or independent
prostate cell lines. Only a few foods/nutraceuticals have
been tested in humans as chemoprotective agents against
prostate cancer. Two very recent reviews of intervention
clinical trials have been published on: silymarin/silibinin,
broccoli sprouts/sulforaphane, pomegranate extract, to-
matoes/lycopene, grapes, green tea extract, polyphenols,

soybean/genistein, flaxseed/lignans and o-linolenic acid,
and fish oil/omega-3 fatty acids in men following surgery
or radiation for PCa (ref.®7).

Cranberry fruit contains several types of components
which play a role in its health benefits. These include vi-
tamins C, E, K, organic and phenolic acids, saccharides,
flavan-3-ols, flavonols, anthocyanins, anthocyanidins,
proanthocyanidins and triterpenoids, shown to possess
anti-bacterial, anti-viral, anti-oxidant, anti-inflammatory,
anti-angiogenic and anti-cancer activities®®. Most of this
evidence, with the exception of preventing urinary tract
infections, was derived from studies on prostate cancer
cell lines'™"3. Our recent clinical study reported that daily
intake of 1500 mg cranberry powder for 6 months sig-
nificantly reduced total prostate-specific antigen (PSA)
elevated from chronic non-bacterial prostatitis, and/or
benign prostate hyperplasia'®. The primary objective of
this study was to investigate the effect of the cranberry
fruit powder (CFP) supplementation on PSA response in
men with PCa. The post-treatment differences between the
cranberry and placebo group on basic physiological bio-
markers, selected blood inflammatory markers, urine and
prostate tissue markers were secondary outcome measures.

559

83



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2016 Dec; 160(4):559-565.

MATERIALS AND METHODS

Cranberry material

Cranberry fruit powder (CFP; PACRAN® EU-
SP_06104, Batch No: A333/132/A12) was supplied by
NATUREX-DBS, USA). For structure and content of se-
lected compounds in CFP see Appendix. Capsules of two
kinds contained: 500 mg of CFP or 500 mg of placebo
of the following composition: low density STAR-DRI®
1015A maltodextrin, canola oil, Red 40 Lake, sodium alu-
minium silicate and Blue 1 Lake. CFP capsules were in-
distinguishable in appearance from the placebo capsules.
All capsules were provided in plastic boxes with safe seal
labelled PACRAN®.

Ethics statement, study design, patients, randomization
and treatment dose

The study was conducted at the Department of
Urology according to the guidelines laid down in the
Declaration of Helsinki (2008 revision). All procedures
involving human subjects were approved by the Ethics
Committee of the University Hospital and Faculty of
Medicine and Dentistry, Palacky University in Olomouc,
Czech Republic (reference number 55/12). All partici-
pants signed a letter of informed consent.

The study design was a single-center, randomized,
placebo-controlled intervention trial consisting of two
parallel treatment arms. The enrollment began in May
2012 with follow-up complete in May 2013. To be eligible,
the patient had to have a pathological diagnosis of adeno-
carcinoma of the prostate from prostate biopsy. Other
inclusion criteria were BMI<37, normal liver function
test, normal range of blood pressure and heart rate. The
exclusion criteria were current antibiotic use (antibiotics
reduce the intestinal microflora) or history of hormonal
and radiation therapies or chemotherapy. Before study
entry, patients medical history was taken and a physical
examination, complete blood count and clinical chemistry
profile.

The subjects (n=64) were randomly assigned to either
cranberry group, a daily dose 1500 mg dry cranberry fruit
powder (n=32) or placebo group (n=32) at least 21 days
before surgery. The randomization plan for treatment as-
signment to patients was generated using on line software
QuickCales (GraphPad Software Inc., USA). Suggested
clinical dosing of cranberry fruit powder was based on
our study in men at risk of prostate disease'. Patients
were instructed not to consume food rich in color pig-
ment (anthocyanin-containing fruit) or soy products or to
make other dietary or lifestyle changes during the study.
Compliance was assessed by performing a remaining
capsule counts at the end of the intervention when the
patients were admitted to the hospital for surgery.

Blood and urine samples for clinical chemistry, he-
matology and urine analysis were collected on the first
day at registration and after intervention immediately
before surgery. The prostatectomy specimens were em-
bedded in paraffin, step-sectioned, and microscopically
examined.
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Clinical chemistry and hematology

Basic biochemical and hematological parameters were
determined. Total cholesterol, low density lipoprotein
(LDL), high density lipoprotein (HDL), triacylglycerols
(TAG), C-reactive protein (CRP), alanine aminotrans-
ferase (ALT), gamma-glutamyltranspeptidase (GGT),
glycaemia, creatinine, blood urea nitrogen (BUN) and
interleukin-6 (IL-6) were quantified in serum using a
Cobas (Hitachi, Japan). Testosterone (TST) and prostate
specific antigen (PSA) in serum was determined using an
Architect i2000SR (Abbott, USA). Insuline-like growth
factor-1 (IGF-1), insulin-like growth factor binding protein
(IGFP) and free testosterone (fTST) were quantified in
serum using a RIA kits by Cobra 5005 analyzer (Packard
Biolnstruments, USA).

Selected hematological parameters were measured.

Selected parameters for evaluation of oxidative stress
total sulphydryl groups (TSHG), lipid peroxidation prod-
ucts such as malondialdehyde in plasma (PMDA) and
erythrocytes (MDA), glutathione (GSH), glutathione
peroxidase (GSHPer), glutathione reductase (GSHRed),
superoxide dismutase (SOD) and catalase in erythro-
cytes were carried out as described by Vidlar et al.'4.
Paraoxonase 1 (PON1) activity was measured according
to Sumegova et al.’. Plasma 8-hydroxydeoxyguanosine
(8-OHdG) was measured by OxiSelect™ Oxidative DNA
Damage ELISA, 8-OHdG Quantification kit. Plasma se-
lenium and zinc were determined by inductively coupled
plasma mass spectrometry (Agilent 7700x, Agilent Japan)
using octapole reaction cell in He mode to eliminate spec-
tral interference. The determination was performed by
external calibration. Calibration solutions were prepared
by diluting certified reference materials - water calibration
solutions of Se and Zn with concentration 1.000 +/- 0.002
mg/L (Analytika Ltd, Czech Republic). Prior to ICP-MS
determination blood plasma samples were digested in mi-
crowave mineralizator (Meg 1200 mls, Milestone, Italy)
with mixture of HNO3 (Analpure, Analytika Ltd, Czech
Republic) and H,O, (analytical grade, Analytika Ltd.,
Czech Republic).

RNA urine markers

Urine samples were collected and analyzed as de-
scribed previously'®. Briefly, a portion of the first voided
urine after an “attentive” prostate massage was used. Total
RNA was isolated, quantified and reverse transcribed. The
quantitative real-time PCR (qPCR) reactions were per-
formed with specific primers and probes for AMACR,
PCA3, EZH2, MSMB, PSA and TRPMS on LightCycler®
480, Roche. After relative quantification (AC, = C, areet
-C,,5,) inverse values of AC (-AC)) were used for subse-
quent statistical analysis and visualization'. As the first
step, we evaluated the urine samples after treatment with
placebo or cranberry. With respect to mild changes be-
tween placebo and cranberry arms, we also analyzed the
first urine samples (before treatment) for 39 patients
[other patient samples were not included for the follow-
ing reasons: urine samples were not collected (n=3), urine
RNA had low concentration (n=3) or results of gRT-PCR
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Fig. 1. CONSORT trial flow diagram.

after treatment were non-evaluable because of negative or
low expression of PSA mRNA (n=17).

Specimen collection and immunohistochemistry

The prostatectomy specimens were formalin-fixed,
paraffin-embedded, and sectioned for routine examina-
tion by indirect immunohistochemistry. Five-micron thick
sections with representative tumor and surrounding areas
were stained with the following antibodies and dilutions:
Ki-67 at 1:200 (clone MIB-1, Dako); Chromogranin A at
1:100 (clone 5H7, Novocastra); PSMA at 1:100 (clone
YPSMA, Abcam); AR at 1:100 (clone AR441, Dako);
NF-«B p65 at 1:400 (clone F-6, Santa Cruz) and COX-
2 at 1:50 (clone M-19, Santa Cruz). Visualization was
performed by the DakoREAL™ EnVision™+ Dual
Link System-HRP and Dako Liquid DAB plus Substrate
Chromogen System.

Statistical methods

Data were analyzed with statistical software R (http://
www.r-project.org/). Instead of absolute values, the dif-
ferences in time were used for computations with con-
tinuous parameters. Student’s two-sample t-test (between
groups comparison of differences in time) and Student’s
one-sample t-test (tests of location - zero differences in
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Analyzed
(n=31)

time) were used for normally distributed data (tested with
the Shapiro-Wilk normality test), otherwise nonparamet-
ric Wilcoxon two-sample or one-sample tests were used.
Categorical data were analyzed with Fisher’s exact rank
tests. Graphs of empirical cumulative distribution func-
tions were used as a graphical data representation.

RESULTS

Patient recruitment is depicted in Fig. 1. We invited
76 patients aged 45 to 75 years who were scheduled to
undergo radical prostatectomy as their primary treatment
and at least 21 days before surgery. Twelve patients had no
interest to take part in a trial. There were no significant
differences between the cranberry and placebo groups
with regard to age, body mass index (BMI), plasma con-
centrations of zinc and selenium (Table 1). Median range
of Gleason score was 7 (6.7) for cranberry and 7 (7.7) for
placebo group. With regard to other factors, patients in
the cranberry group had a statistically significant higher
initial PSA values than those of the placebo group. Table
2 shows preoperative (clinical) and postoperative (patho-
logical) T stage for patients in both groups. There is no
significant difference between cranberry and placebo can-
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Table 1. Patient baseline demographics and clinical characteristics.

Parameter Unit Cranberry group (n=31) Placebo group (n=31)
Age Years 62.5/66.0/68.0 61.0/64.0/68.5
BMI kg/m? 24.8/27.8/28.7 25.8/26.9/29.1
Initial PSA ng/mL 6.2/8.8/13.6 3.7/5.4/9.3%
Zinc mg/L 0.981/1.174/1.438 1.034/1.225/1.577
Selenium ng/mL 97.1/120.1/131.0 102.7/120.1/142.7
Prostate volume mL 49.3/57.5/65.0 40.5/49.0/61.0
Gleason score n (%) n (%)

5 2 (6.45) 2 (6.45)

6 7(22.58) 4 (12.90)

7 19 (61.29) 25 (80.65)

8 1(3.23) 0

9 2 (6.45) 0

The values are expressed as first quartile, median and third quartile.
#Significant difference between Cranberry and Placebo groups by two-sample Wilcoxon test P<0.1

Table 2. Histopathological preoperative and postoperative T stage.

Preoperative T stage, n

Postoperative T stage, n

Cranberry group Placebo group Cranberry group Placebo group
TlaTlc 21 TlaTlc 22 pT2a 3 pT2a 2
T2a 2 T2a 4 pT2b 3 pT2b 2
T2b 5 T2b 2 pT2c 17 pT2c 20
T2c 3 T2c 3 pT3a 5 pT3a 4
pT3b 3 pT3b 3
Table 3. Markers of hematology.
Cranberry group Placebo group
Parameter Unit Start Day End Day Start Day End Day
Htc 0.43/0.44/0.46 0.42/0.44/0.46™# 0.43/0.44/0.46 0.43/0.45/0.46"
Hb g/L 145.5/151.0/155.0 142.5/149.0/156.0 143.0/150.0/156.0 145.0/149.0/157.5
PLT x10(9)/ L 187.5/232.0/257.0 184.0/207.0/249.0 189.5/223.0/266.5 190.0/233.0/258.5
RBC x10(12)/L 4.71/4.91/5.20 4.64/4.88/5.17 4.74/4.92/5.11 4.70/4.91/5.21
WBC x10(9)/L 5.54/6.40/7.25 5.32/6.20/7.03 5.90/6.49/7.62 5.80/7.42/7.85

The values are expressed as first quartile, median and third quartile.

“Significant difference between value of Start day by one-sample Wilcoxon test P<0.05
#Significant difference between value of Cranberry and Placebo group by two-sample Wilcoxon test P<0.05

“One-sample Wilcoxon test, P<0.05; #Two-sample Wilcoxon test, P<O

.05

Abbreviations used: Hct (hematocrit), Hb (hemoglobin), PLT (platelets), RBC (red blood cells), WBC (white blood cells).

cer staging scores before (P=0.617) or after prostatectomy
(P=0.943).

Hematology values were unchanged with the excep-
tion of hematocrit value but the fluctuations were within
normal physiological limits (Table 3).

Serum PSA concentration decreased by 22.5% in the
cranberry group, whereas the concentration increased by
0.9% in the placebo group over the study period (Table
4). There was also a trend towards increased IGF-1 and
decreased GGT in the cranberry group. There were no
significant differences in other clinical chemistry param-
eters.

The oxidative stress markers are shown in Table 5.
Highly statistically significant differences for the cran-
berry group were found for erythrocyte malondialdehyde
(MDA), plasma malondialdehyde (PMDA), total thiol
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groups (TSHG), catalase and for placebo group in MDA,
PMDA, paraoxonase 1 (PON1) and glutathione peroxi-
dase (GSHPer).

Table 6 shows selected markers for detection of
prostate cancer in urine. A trend to down-regulation of
beta-microseminoprotein (MSMB) after cranberry sup-
plementation was observed along with up-regulation of
PCA3.

The results of immunohistochemical evaluation are
shown in Table 7. There were no significant differences
between cranberry and placebo groups.

Phenolics in the urine were analysed directly without
enzymatic cleavage and then after further incubation with
a mixture of deconjugation enzymes, B-glucuronidase
and sulfatase (for details see Appendix, Table II and III).
There was no significant difference in free or total pheno-
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Table 4. Markers of clinical chemistry.

Cranberry group

Placebo group

Parameter Unit Start Day End Day Start Day End Day
ALT ukat/L 0.37/0.43/0.49 0.39/0.44/0.55 0.35/0.45/0.49 0.37/0.45/0.53
GGT ukat/L 0.41/0.47/0.77 0.37/0.45/0.76" 0.37/0.58/0.72 0.39/0.49/0.84
Creatinine umol/L 78.5/83.0/89.5 76.5/86.0/90.0 74.5/81.0/87.0 77.5/82.0/88.0
BUN mmol/L 4.8/5.1/5.8 4.8/5.4/5.8 4.6/5.2/5.7 4/4.9/5.6
Glucose mmol/L 5.2/5.7/6.4 5.1/5.5/6.2 5.1/5.6/6.4 5.3/5.7/6.7
TAG mmol/L 1.05/1.38/1.66 1.028/1.29/1.69 1.315/1.67/2.51 1.235/1.65/2.19
Cholesterol mmol/L 4.32/4.95/5.90 4.23/4.92/5.94 4.67/5.22/6.01 4.64/5.26/6.29
LDL mmol/L 2.25/2.69/3.82 2.24/2.84/3.78 2.55/3.01/3.66 2.46/3.07/3.81
HDL mmol/L 1.21/1.39/1.79 1.26/1.41/1.63 1.08/1.28/1.34 1.17/1.23/1.47
CRP mg/L 0.75/1.20/2.20 0.70/1.00/1.60 0.60/1.10/2.75 0.38/1.05/2.55
11-6 ng/L 1.5/2.9/3.95 2/2.9/3.75 1.525/2.6/3.8 1.5/2.7/3.65
IGF-1 ug/L 105/137/161 113/149/174" 113/138/170 121/142/164
IGFP ug/L 2089/2590/2855 2148/2568/2853 2342/2581/2879 2337/2541/3090
TST nmol/L 11.92/15.39/21.57 11.26/15.17/17.68 11.34/14.58/18.79 11.86/14.81/17.03
fTST nmol/L 24.63/30.55/39.75 19.75/27.75/36.10 25.00/31.30/35.70 24.25/28.50/36.20"
PSA ng/mL 6.23/8.83/13.59 4.54/6.84/13.03™ 3.68/5.38/9.33 3.62/5.43/9.05™

The values are expressed as first quartile, median and third quartile.

“Significant difference between value of Start day by one-sample Wilcoxon test P<0.1
“Significant difference between value of Start day by one-sample Wilcoxon test P<0.05

“One-sample Wilcoxon test, P<0./; ""One-sample Wilcoxon test, P<0.05

Table 5. Markers of oxidative stress in blood.

Cranberry group Placebo group

Parameter Unit Start Day End Day Start Day End Day
MDA nmol/g? 18.51/20.67/23.62 23.66/26.72/29.71" 18.65/20.98/25.28 23.18/27.41/32.45™
GSH umol/g? 6.97/7.85/8.92 6.93/8.01/9.03 6.97/8.04/8.58 7.01/7.84/9.07
PMDA nmol/g® 82.8/103.5/119.8 81.2/115.1/151.8™ 70.9/105.0/132.7 84.3/113.6/135.9™
TSHG umol/g® 6.50/7.24/8.12 6.99/7.69/8.56™ 6.47/6.79/8.49 6.88/7.48/8.42"
PONI1 ukat/L 0.83/1.50/2.00 0.79/1.31/2.14 0.75/1.23/2.29 0.70/1.43/2.43"
8-OHdG ug/L 7.57/9.03/11.20 8.55/9.87/11.95 6.90/8.74/11.02 6.66/9.19/11.18
Catalase ukat/g? 1.12/1.19/1.43 1.17/1.30/1.46™ 1.07/1.32/1.49 1.11/1.39/1.47
GSX pkat/g? 1.54/2.17/2.92 1.40/1.87/2.37" 1.86/2.25/2.84 1.18/1.69/2.19™
GSR ukat/g? 0.21/0.25/0.29 0.22/0.25/0.28 0.20/0.23/0.28 0.21/0.24/0.31"
SOD U/g* 3.09/3.28/3.51 3.00/3.41/3.65 3.10/3.34/3.62 3.17/3.39/3.83

The values are expressed as first quartile, median and third quartile.
2 g of hemoglobin; *g of protein

“Significant difference between value of Start day by one-sample Wilcoxon test P<0.1
“Significant difference between value of Start day by one-sample Wilcoxon test P<0.05

“One-sample Wilcoxon test, P<(0./; ""One-sample Wilcoxon test, P<0.05

lics between the groups. No anthocyanins or proanthocy-
anidins were detected in urine.

DISCUSSION

Cranberry products, fresh or dry fruit, juice, dietary
supplements containing juice powder or powdered fruit,
are used mainly in protection against recurrent urinary
tract infection in women?' and improvement of lower uri-
nary parameters in men with moderate to severe LUTS
(ref.??). Studies on the possible effects of cranberry and
its components on prostate cancer were realized only in
DU 145 human prostate cancer cells which are androgen
independent. Treatment of cranberry proanthocyanidin-
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enriched fraction inhibited matrix metalloproteinase-2
and -9 (MMP) activity through the induction and/or in-
hibition of specific temporal MMP regulators'®. MMP
activity is associated with tumor cell invasion and metas-
tasis. Cranberry fruit contains a high amount of ursolic
acid and its esters. The ability of these components to
inhibit MMP-2 and MMP-9 was determined in DU 145
cells''. Treatment of DU145 cells with the whole cran-
berry extract, flavonol-enriched or proanthocyanidin-
enriched fractions induced apoptosis in cells through
caspase-8 activation'?>.Treatment of whole cranberry
extract significantly decreased the cellular viability of
DU145 cells. It also decreased the proportion of cells
in the G2-M phase and increased the proportion in the
G1 phase of the cell cycle. These alterations in cell cycle
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Table 6. RNA urine markers.

Cranberry group

End Day

Placebo gro
Start Day

up
End Day

Parameter Units Start Day
RNA ng/mL 8.23/17.46/37.23
Ct PSA dCt 32.30/34.21/35.61
AMACR -dCt -4.21/-1.90/-0.79
PCA3 -dCt -5.41/-4.44/-3.34
TRPMS -dCt -4.58/-3.98/-3.59
MSMB -dCt -0.55/0.29/0.70
EZH2 -dCt -2.16/0.81/1.93

5.16/10.55/15.22"

30.79/34.17/35.85

-4.25/-2.61/-0.87
-4.26/-3.30/-2.71*
-4.31/-4.03/-3.03
-0.72/-0.18/0.76"*
-1.73/-0.20/1.13

7.37/17.19/42.52

31.41/34.02/35.83
-3.47/-2.19/-0.60
-5.27/-3.08/-2.68
-4.92/-4.41/-3.69
-0.56/-0.27/0.51
-1.40/0.04/2.19

7.48/13.70/33.25
32.70/34.66/36.97

-3.45/-2.35/-1.12
-3.87/-3.26/-2.58
-5.09/-4.56/-4.33
-0.74/-0.13/0.53"
-2.52/0.46/1.92

The values are expressed as first quartile, median and third quartile.

*Significant difference value of Start day by one-sample Wilcoxon test P<0.1;**Significant different value of Start day by one-sample Wilcoxon

test P<0.05

#Significant difference value of Cranberry and Placebo group by two-sample Wilcoxon test P<0.1

*One-sample Wilcoxon test, P<0.1
**One-sample Wilcoxon test, P<0.05
*Two-sample Wilcoxon test, P<0.1

Table 7. Specific markers in ex vivo prostate tissue.

Parameter Unit Cranberry group Placebo group
Ki67 % of positivity 3.0/5.0/10.0 3.0/7.5/10.0
Chromogranin A? % of positivity 0.0/0.0/0.5 0.0/0.0/0.0
PSMA® See legend® 1.00/2.00/3.00 1.00/2.00/2.75
AR° Histoscore 90/150/150 90/100/150
p65 NF«B¢ Histoscore 100/150/200 150/175/200
COX-2¢ Histoscore 150/200/200 150/200/200

The values are expressed as first quartiles, median and third quartiles.

aPercentage of positivity above 5% was present only in two patients from Cranberry group.

"PSMA was evaluated as follows: 0, absent; 1, weak positivity in some glands; 2, medium positivity in less
than half of glands; 3, strong positivity in more than half of glands or medium positivity in majority of glands.
¢ Histoscore; % of positivity multiplied by staining intensity (0, absent; 1, weak; 2, moderate; and 3, strong),

resulting in histoscore from 0 to 300.

were associated with changes in cell cycle regulatory pro-
teins®.

Findings from the above in vitro studies suggest that
whole cranberry extract or at least 3 key types/catego-
ries of components, flavonols, proanthocyanidins or tri-
terpenoids, are associated with biological alteration of
cell targets and may be protective for PCa. The effects of
cranberry on PCa in humans, to the best our knowledge,
have not yet been reported. In this study, we evaluated, in
a randomized, double-blind, placebo control trial (RCT)
the effects of CFP on blood, urine and prostate tissue
markers in PCa patients. The daily dose 1500 mg CFP
was given to men with PCa for at least 21 days (mean,
SD were 31 + 9 days in the cranberry group and 35 = 8
days in placebo group) before radical prostatectomy. The
intervention was well-tolerated. On the day of surgery,
there was a marked decrease of 22.5% in PSA level in the
cranberry arm and a small increase of 0.9% in the placebo
arm. This is in good concordance with our previous study
on cranberry effects in men with non-bacterial prostati-
tis'*. The down-regulation of serum PSA may be related
a trend to down-regulation of beta-microseminoprotein
(MSMB) which has been reported to be androgen regu-
lated'®2°. Unexpectedly, there was enhanced expression of
PCA3 in the cranberry arm. The trend to downregulation

of MSMB after cranberry supplementation is more reli-
able than upregulation of PCA3 due to larger number of
successful test results for both time points (19 for MSMB
and only 8 PCA3 in the cranberry arm). Interestingly, 6/9
patients with downregulation of MSMB had also down-
regulation of serum PSA. Furthermore, Martinez-Pinero
et al. showed that urinary PCA3 is not a reliable marker of
cancer stage or response to androgen-deprivation therapy
in advanced prostate cancer®. The significant increase of
malondialdehyde levels in plasma and erythrocytes be-
tween start and end day in both groups may be evidence
that cranberry consumption was not effective in inhibiting
oxidative stress in PCa patients.

CONCLUSION

These data suggest that further studies to evaluate
cranberry consumption as a prophylactic against the bio-
chemical recurrence of prostate cancer in patients after
surgery is warranted.
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6 Zaveér

V klinickych studiich jsme se zaméfili na ovéfeni vlivu silymarinu (komplexni
smési flavonolignanti ze semen Silybum marianum) v kombinaci se selenem/L-
argininem a plodu klikvy velkoplodé (Vaccinium macrocarpon) na vybrana urologicka
onemocnéni dobfe hodnotitelnd parametry laboratorni mediciny. Oba zkoumané
rostlinné materidly jsou charakterizované, jak co do slozeni a znalosti chemickych
struktur sekundérnich metabolitd, tak i farmakologickych ucinkt ziskanych z klinickych
studii.

Nami zvolena urologickd onemocnéni LUTS, prostatitida a karcinom prostaty
patii k nejcastéjSim u muz a IMC u zen. Tato onemocnéni vyznamné snizuji kvalitu
zivota pacienta a u karcinomu prostaty i ohrozuji zivot samotny. Moderni medicina
ma ucinné a oveérené moznosti 1é¢by u LUTS (farmakoterapie i chirurgicka 1écba),
u IMC a prostatitidy (antibiotika), u lokalizovaného karcinomu prostaty radikalni lécbu
(prostatektomie nebo radioterapie) a u pokrocilého metastazujiciho nddoru prostaty
(hormonalni 1é¢bu, chemoterapii nebo biologickou 1é¢bu).

Je zcela ziejmé, ze tyto 1écebné postupy jsou jasné indikované a nelze je nahradit
alternativni 1écbou. Nicméné je zde stale prostor k aplikaci pfirodnich latek
a to hlavné v prevenci nebo zvyseni ucinnosti ,klasické™ 1écby. Tyka se to zejména
pacientli s mirnymi potizemi LUTS, prevence recidivy IMC a u karcinomu prostaty
v ramci chemoterapie ¢i oddaleni biochemického relapsu karcinomu prostaty.

Nezastupitelnou roli vSak hraje samotny pfistup pacienta k 1é¢b¢. Prokazalo se,
ze samotny zivotni styl a slozeni denni diety ma vliv na vznik nebo i pribéh
onemocnéni. Komplexni interakce mezi sloueninami obsazenymi v diet¢ s mikro-
biomem traviciho ustroji, genetickymi, epigenetickymi a metabolickymi procesy maji
klicovy vliv na imunitu a celkové zdravi lidského organismu. Pii vybéru ptirodnich
latek, u kterych jsme ovéfili jejich vliv na vybrana urologickd onemocnéni,
jsme vychazeli z predpokladu, Ze jednotlivé komponenty smési ¢i extraktu vétSinou

nemaji srovnatelny ucinek s ii€¢inkem komplexnich smési téchto latek.
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Na druhou stranu je tfeba si uvédomit, ze studie Uc¢innosti komplexnich smési
prirodnich latek jsou ztizené jejich obtiznou standardizaci a tdaje tykajici se jejich
ucinku a bezpecnosti byly ziskdny z ¢asové limitovanych studii na relativné malém
poctu pacienttl.

Jak ukézaly ptredlozené klinické studie nelze uzivani fytopfipravku silymarin
v kombinaci s L-argininem/selenem a celého plodu V. macrocapon zamitnout
ani favorizovat. Je vSak tfeba najit to spravné uplatnéni, napt. v prevenci ¢i doplnéni
1écby.

Vysledky naSich studii, i pfes omezeny pocet, potvrdily prospéSnost uzivani
fytoptipravki u zvolenych urologickych onemocnéni. Snizeni poctu recidiv IMC u zen
pfi uzivani celého plodu V.macrocarpon bylo statisticky priikazné, bez nezadoucich
ucinkli a pacientky projevily zdjem o dal§i uzivani. Podobnd situace byla u muzi
s LUTS, kteti byli spokojeni se zlepSenim urodynamickych parametri moceni
po dobu uzivani V.macrocarpon ¢i kombinace silymarinu se selenem/L-argininem.
Jako ,,vedlejsi“ efekt studii bylo zachyceni a nésledna pravidelna péce u muzi, kteti by
jinak s ndvstévou urologa vahali.

U ovefeni vlivu pfirodnich latek na karcinom prostaty je situace obtizngjsi.
Pro prtikaz snizeni rizika karcinomu jsou nutné studie dlouhodobé a s velkym poctem
pacientl, coz bylo nad nase moznosti. Nase studie vSak prokazala, ze plod
V. macrocarpon obsahuje slouceniny, které zasahuji do signalnich drah v nadorovych
bunkach prostaty, coz poukazuje na dal§i mozny cil vyzkumu v této oblasti.

Zavérem bych chtél zdiraznit, ze ptirodni 1écba v zddném piipad¢ nenahrazuje
jiz 1é¢bu doporucovanou a zavedenou, ale také ji nelze odmitnout. Je tiecba najit
to spravné pole pro jeji pouZiti, at’ uz v ramci prevence ¢i podptrné 1é¢by. U mnoha
pacientil dialog na téma o pouziti pfirodnich latek na diagnostikované onemocnéni vede
ke zlepSeni komunikace a k zvySeni divéry k 1ékafi, vétSimu zajmu o samotné zdravi
a zmén¢ Ci zlepSeni zivotniho stylu, coz ma vyznamny vliv na zdarny pribéh 1écby

onemocnéni.
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7 Seznam pouzivanych zkratek

5ARi inhibitor enzymu Sa-reduktazy

AST aspartataminotransferaza

BMI body mass index

BHP benigni hyperplazie prostaty

CFP lyofilizovany plod kikvy (cranberry fruit powder)
CRP C-reaktivni protein

ChP chronicka prostatida

ED erektilni dysfunkce

EFSA  European Food Safety Agency

HPFS  Health Professionals Follow-Up Study
IGF 1 insulin-like growth factor-1

IIEF-5  International Index of Erectile Function

IMC infekce mocovych cest

IPSS International Prostate Symptom Score
LNCaP bunky adenokarcinomu prostaty

KP karcinom prostaty

KZ klinicka zkouska

LUTS  symptomy dolniho mocového traktu

MDA  malondialdehyd

mRNA  mediatorova RNA

NCCAM National Center for Complementary and Alternative Medicine
NF-kB jaderny faktor kB

NPC Nutritional Prevention of Cancer

PCPT  Prostate Cancer Prevention Trial

PLT trombocyty

PMDA malondialdehyd v plazmé

PSA prostaticky specificky antigen

Qpr pramérny pritok
Qumax maximélni priitok
QoL kvalita zivota

REDUCE REduction by DUtasteride of prostate Cancer Events trial
SHG« celkové SH skupiny v plazmé

SELECT Selenium and Vitamin E Cancer Prevention Trial

SM-Se  silymarin-selen

TNFa  tumor nekrotizujici faktor a

TRUS  transrektalni ultrasonografie

TST testosteron

A% objem mocového méchyie

Viez rezidualni objem moci po mikci

92



