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Ekonomicky pohled na 1é¢bu bevacizumabem u metastatického

kolorektalniho karcinomu

Bevacizumab treatment in metastatic colorectal carcinoma

— an economic perspective
Irena Sehnalova « Barbora Rihovi ¢ Regina Demlova

Doslo 21. bfezna 2019 / Ptijato 8. dubna 2019

Souhrn

Cilena 1é¢ba znamena velky pfinos v 1é¢bé onkologic-
kych pacienti. Bevacizumab v 1é¢bé metastatického
kolorektalniho karcinomu (mCRC) zlepSuje celkové
prezivani pacientll (OS) a prodluzuje dobu pieziti bez
progrese onemocnéni (PFS). Vysledky z klinické praxe
potvrzuji Gcinnost bevacizumabu v souladu s randomi-
zovanymi studiemi, avSak nakladova efektivita 1écby
bevacizumabem, stejné jako dal$imi pfipravky cilené
biologické 1écby, je Castym tématem diskuze mezi od-
bornymi spole¢nostmi, regula¢nimi autoritami a platci
zdravotni péce. U bevacizumabu stale chybi biomarke-
ry, které by pomohly lépe selektovat skupinu pacientti
s nejlepsi 1écebnou odpovédi. V souhrnném ¢lanku je
predstaven farmakoekonomicky pohled na 1é¢bu beva-
cizumabem u mCRC. Néklady na jeden 14denni cyklus
1é&by bevacizumabem v podminkéach Ceské republiky se
pohybuji kolem 31 000 K¢&. Publikované zahrani¢ni far-
makoekonomické analyzy nemaji jednoznaéné zavéry.
Jejich vysledky jsou zpravidla vyjadfované jako cena za
ziskané QALY pfi pouziti hodnocené intervence ve srov-
nani s komparatorem a 1isi se v zavislosti na ekonomické
situaci v konkrétnich zemich. Vysledky farmakoekono-
mickych analyz je vSak nutné potvrdit i v realné klinické
praxi a nasledné pfehodnotit rozhodnuti o thradé 1é¢i-
vého pfipravku s ohledem na konkrétni zdravotni sys-
tém dle jednotné metody typu HTA (Health Technology
Assessment).

Klic¢ova slova: bevacizumab ¢ cilena biologicka 1écba ¢
QALY e metastaticky kolorektalni karcinom

Summary

Targeted therapy is a significant benefit in the treatment
of cancer patients. Bevacizumab improves overall

PharmDr. Irena Sehnalova (5)) « B. Rihové * R. Demlova*
Farmakologicky tstav, Lékatska fakulta MU

Kamenice 5, 625 00 Brno-Bohunice

e-mail: 403506@mail.muni.cz

*Masarykuv onkologicky ustav Brno

survival (OS) and progression free survival (PES) in
the treatment of metastatic colorectal cancer (mCRC).
The clinical effectiveness of bevacizumab is similar to
its efficacy in randomised controlled trials. However,
the costs of bevacizumab treatment as well as other
agents of targeted treatment are discussed between
the health care payers, the regulatory authorities and
the members of professional societies. Biomarkers
of bevacizumab treatment helpful in the selection of
eligible groups of patients are still missing. This review
focuses on current bevacizumab therapy of mCRC from
the pharmacoeconomic perspective. The cost per a 14-day
bevacizumab treatment cycle is approximately
31,000 CZK in the Czech Republic. External published
pharmacoeconomics analyses have no clear conclusions.
Their results are usually expressed as the cost per QALY
gained in comparison with a comparator. They differ
according to the economic situation of the particular
countries. The pharmacoeconomic results have to be
confirmed in the real clinical practice, and then the
decision should be reassessed by using the uniform
methodology, e.g. the Health Technology Assessment
(HTA).

Key words: bevacizumab e targeted biological therapy ¢
QALY ¢ metastatic colorectal cancer

Uvod

V uplynulych 20 letech doslo v mediciné ke znacné-
mu rozvoji 1é¢ivych pripravka selektivné zamétenych na
ruzné specifické struktury, napt. na receptor pro EGFR
(epidermalni rustovy faktor), na TNF-a (tumor nekroti-
zujici faktor alfa) nebo na inhibici tyrozinkindzové ak-
tivity. Tyto 1é¢ivé latky se zacaly vyuzivat nejen v fade
onkologickych diagnéz, ale i v revmatologii, gastroente-
rologii a dermatologii. Diky témto 1é¢iviim se dafi zbrz-
dit rozvoj nemoci a zlepsit kvalitu zivota nemocnych.
V onkologii mame v soucasnosti fadu latek, které v kli-
nickych studiich prokazaly svoji Gc¢innost a bezpecnost
a staly se soucasti doporucenych postupti 1é¢by nadoro-
vych onemocnéni.

K nejéastéjsim onkologickym diagnézam v Ceské re-
publice patii zhoubné novotvary kolorekta (dg. C18-C21).



44

Ces. slov. Farm. 2019; 68, 43-47

Toto onemocnéni zachycené v ¢Casnych stadiich je
dobie lécitelné chirurgicky, ale zachyt onemocnéni
v pokroCilém stavu nebo ve stadiu s metastazami ma
Spatnou prognézu. Lécebné postupy s vyuzitim cilenych
1éciv zlepsily celkové prezivani pacientd s mCRC. Me-
dian celkového ptezivani pacientli (OS) se v soucasnosti
pohybuje okolo 30 mésici". V roce 2016 bylo nahlase-
no celkem 7610 ptipadt kolorektalniho karcinomu, coz
pfedstavuje mirny absolutni pokles oproti pfedchozimu
roku. Pfesto se jedna o druhou nejcastéjsi onkologickou
diagnozou po karcinomu prostaty u muzi a po karcino-
mu prsu u zen?. Kazdoro¢né asi 20 % z nové diagnos-
tikovanych pacienti ma onemocnéni odhaleno v klinic-
kém stadiu IV, tedy s pfitomnosti vzdalenych metastaz
(mCRC). Predikéni odhady pro rok 2018 uvadéji 1393
nové diagnostikovanych pacientil v klinickém stadiu IV?.
V mezinarodnim srovnani incidence a mortality kolo-
rektalniho karcinomu dle Globocan 2012 obsadila
Ceska republika 6. misto?.

Biologicka 1é¢ba u mCRC

V 1éébé mCRC jsou v soucasnosti ze zdravotniho
pojisténi za splnéni indikaénich podminek hrazena an-
tiangiogenni léciva zaméfend proti VEGF (vaskularni
endotelialni ristovy faktor) bevacizumab a aflibercept,
inhibitory EGFR (epidermalni rdstovy faktor) cetuxi-
mab a panitumumab, nejnovéji pak multikinazovy inhi-
bitor regorafenib. VSechna tato 1é¢iva prokazala v ran-
domizovanych studiich svoji bezpecnost a U¢innost
a jejich podani vedlo k prodlouzeni doby do progrese
onemocnéni (TTP), preziti bez progrese onemocnéni
(PFS) nebo prodlouzeni celkového prezivani pacientt
(0S)*19, Randomizované klinické studie vSak nemo-
hou v dostateéné mife odpoveédét na otazku, zda budou
tato 1éCiva vykazovat stejny efekt v Sirsi populaci pa-
cienti indikovanych k 1écbé v bézné klinické praxi.
Velmi diskutovanym tématem je pak v realné praxi také
uhrada téchto 1éCiv z prostiedki vefejného zdravotniho
pojisteni.

S rozvojem a aplikaci principti personalizované
mediciny hraji u mCRC dutlezitou roli prognostické
a prediktivni farmakogenomické biomarkery'". A¢koliv

1600

bylo objeveno nékolik biomarkerd, v rutinni praxi v 1éc-
bé mCRC se uplatiluje pouze vySetfeni mutaci RAS
onkogenit (KRAS a NRAS). Divoky typ (WT) RAS
onkogenil je podminkou pro 1é¢bu inhibitory EGFR'>
13, Pro podani 1é¢iv proti VEGF vSak nebyl zatim v kli-
nické praxi pfedstaven zadny vhodny marker, ktery by
predikoval pacienty s nejlepsi odpovédi na tuto 1écbu.
Dodate¢na statisticka analyza klinické studie dospéla
k zavéru, ze 1éCebny benefit anti-VEGF 1&¢iva bevaci-
zumabu je nezavisly na pfitomnosti KRAS mutace'?.

Bevacizumab v 1é¢bé mCRC

Bevacizumab (registrovany 1é¢ivy pripravek Avas-
tin) je indikovan pacientim s mCRC nezavisle na
mutaénim stavu RAS onkogent®. V Ceské republice
je registrovan a hrazen od roku 2005. Jeho u¢innost
a bezpecénost byla v klinickém prostfedi dale sledo-
vana v registru Corect'. Z jeho vystupd je patrné,
ze klinicky efekt 1écby bevacizumabem u mCRC je
v souladu s probéhlymi randomizovanymi klinickymi
studiemi® '9. Median PFS u pacientd 1é¢enych v Ces-
ké republice dosahuje téméf 11 mésict a median OS
se pohybuje okolo 26 mésicli. Ro¢né je u nas beva-
cizumabem v indikaci mCRC 1é¢eno ptiblizné 1000
pacientl'>. Pocet pacientll 1é¢enych v jednotlivych
letech uvadi obrazek 1.

V soucasnosti je bevacizumab ze zdravotniho pojis-
téni hrazen k 1é¢bé pacienti s mCRC v prvni a druhé
linii v kombinaci s chemoterapeutickymi rezimy
obsahujicimi fluoropyrimidin. Konkrétni druh chemo-
terapeutického rezimu je volen individualné. Nejcastéji
indikovanymi rezimy jsou FOLFOX (oxaliplatina, leu-
kovorin, 5-fluorouracil) a XELOX (oxaliplatina, kape-
citabin)'¥. Bevacizumab je v prvni linii 1é¢by podavan
intravendzné v davce 5 mg/kg kazdé 2 tydny nebo
7,5 mg/kg kazdé 3 tydny do progrese onemocnéni.
Pii podavani ve druhé linii 1é¢by je aplikovan v davce
10 mg/kg kazdé 2 tydny do progrese onemocnéni (PD).
Vzdy po 2-3 mésicich 1é¢by je doporuéeno piehodnoce-
ni a¢innosti terapie® '”. Kromé 1é€by mCRC jsou dalsi-
mi indikacemi bevacizumabu v onkologii metastaticky
karcinom prsu, neresekabilni pokrocily metastaticky
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Obr. 1. Pocet pacientii se zahdjenou lécbou bevacizumabem
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nebo rekurentni nemalobunécny karcinom plic, pokro-
¢ily nebo metastaticky karcinom ledviny, metastaticky,
rekurentni nebo perzistentni karcinom délozniho ¢ipku,
pokro¢ily karcinom vaje¢nikll, vejcovodld a primarni
nador pobfisnice!?.

Farmakoekonomické hodnoceni bevacizumabu
u mCRC

Lécba bevacizumabem, stejné jako i jinymi cileny-
mi léCivy pfinasi znaéné financni naklady. V podmin-
kach Ceské republiky stoji jeden 14denni cyklus 1é¢by
bevacizumabem v prvni linii pfiblizné 31 000 K&!. Re-
trospektivni analyza nakladd na 1é¢bu bevacizumabem
vychazejici z dat realné klinické praxe hodnocena z po-
hledu platce zdravotni péce publikovana v roce 2014
potvrdila vysoké vydaje spojené s aplikaci této 1é¢by.
Primérné naklady na 1éEbu mCRC pfi aplikaci bevacizu-
mabu spole¢né s nékterym z chemoterapeutickych rezi-
mu v prvni linii 1é¢by se pohybovaly kolem 1 000 000 K¢
pro jednoho pacienta, pfiCemz samotny bevacizumab
predstavoval 69 % veskerych pfimych nakladd do PD
(median doby do PD byl 9,1 mésice)'®.

V poslednich letech stoupa pocet publikovanych stu-
dii hodnoticich nakladovou efektivitu bevacizumabu.
Vysledky jsou zpravidla vyjadifeny jako naklady za
1 QALY (quality adjusted life year), ptipadné jako na-
klady na 1 LYG (life year gained) pfi pouziti hodno-
cené intervence ve srovnani s vhodnym komparatorem.
Ackoliv koncept QALY ma i své nevyhody, moZnost
pomeétovat efektivitu 1€¢by napfic¢ riznymi diagnézami
je jednim z duvodi, pro¢ analyzy tohoto typu byvaji
regulaénimi autoritami véetné Ceské republiky poza-
dovany nejcastéji. Farmakoekonomické analyzy publi-
kované v uplynulych letech se lisi ve svych zavérech,
zda lze 1é¢bu bevacizumabem u mCRC povazovat za
nakladové efektivni. Studie hodnotici nakladovou efek-
tivitu bevacizumabu v prvni a druhé linii 1écby mCRC
z pohledu platce zdravotni péce ve Spojenych statech
americkych publikovana v roce 2015 povazuje 1é¢bu za

Tab. 1. Priklady nékterych analyz typu cost utility spolecné s WTP

neefektivni. Inkrementalni naklady (ICER) pro prvni
linii 16€by byly 571 240 USD/QALY, pti 1é¢bé ve druhé
linii 364 083 USD/QALY". K podobnym zavérum jiz
diive dospéla studie nakladové efektivity bevacizuma-
bu v prvni linii lécby mCRC v Velké Britanii. Naklady
na lécbu bevacizumabem s rezimem IFL (irinotekan,
5-fluorouracil, leukovorin) predstavovaly pfiblizné
62 857 liber za QALY, tedy asi dvojnasobek hranice ocho-
ty platit (WTP)?®. Nové&ji publikované analyzy zaméte-
né na lé¢bu bevacizumabem spoleéné s chemoterapeu-
tickymi rezimy XELOX nebo FOLFOX uvadéji ICER
36 000 GBP/QALY a 31 000 GBP/QALY, tedy ptiz-
nivéjsi ve prospéch 1é€by bevacizumabem?). V ramci
rozhodovacich fizeni o uhrad¢é 1é¢by a cenotvorbé 1é-
¢iv jsou tyto analyzy dulezitym argumentem, piihli-
zi se v8ak i k dal§im okolnostem, jako jsou zavaznost
onemocnéni, dostupnost alternativni terapie a celkovy
dopad na zdravotni rozpocet (budget impact). Piiklady
nékterych analyz typu cost utility spolecné s WTP uvadi
tabulka 11929,

Dulezité je i zpétné hodnoceni jiz dosazenych vysled-
ki 1écby v bézné praxi. Prikladem muze byt retrospek-
tivni analyza zaméfend na pacienty star$i 65 let 1éCe-
nych bevacizumabem ve Spojenych statech americkych
(USA) v prvni linii 1é¢by mCRC provedena v realné kli-
nické praxi, ktera vyhodnotila inkrementalni naklady na
75 303 USD/LYG. Ackoliv k vyjadfeni nevyuzili autofi
QALY, presto v podminkach USA by tato intervence byla
pravdépodobné hodnocena jako nakladové efektivni®®.

Novy pohled na hodnoceni piinosti 1écby bevacizu-
mabem a inhibitory EGFR pfinasi projekt vypracovany
expertni skupinou Ceské onkologické spoleénosti CLS
JEP pomoci parametrického systému Magnitude of Cli-
nical Benefit Scale (ESMO-MCBS), ktery je zaloZen na
skorovani daného 1éciva ve srovnani s komparatorem
(tj. stavajicimi moznostmi 1é¢by) podle zlepsSeni celko-
vého preziti, preziti do progrese, kvality Zivota a toxi-
city. Zde byl bevacizumab vyhodnocen jako 1écivo
s niz§im terapeutickym benefitem pro pacienty s mCRC
(skore 1 az 2)™.

Hodnocena intervence* Komparator ICI;])RAgT;na/ Zemé wrp (:)l;ailil:; : *ochoty
FOLFOX + bevacizumab FOLFOX 571240 USD USA 50 000-100 000 USD/QALY
FBC + bevacizumab FBC 131 600 CAD Kanada 100 000 CAD/QALY***
FOLFIRI + bevacizumab FOLFIRI 62 857 GBP | Velka Britanie | 20 000-30 000 GBP/QALY
XELOX + bevacizumab XELOX 36 006 GBP | Velka Britanie | 20 000-30 000 GBP/QALY
FOLFOX-4 + bevacizumab FOLFOX-4 31174 GBP | Velka Britanie | 20 000-30 000 GBP/QALY
MFOLFOX-6 + panitumumab | MFOLFOX-6 + bevacizumab | 837 270 CZK CR 1250 000 CZK/QALY ***

*chemoterapeutické rezimy: FOLFOX (oxaliplatina, leukovorin, 5-fluorouracil), FBC (fluoropyrimidine-based chemotherapy),
FOLFIRI (irinotekan, leukovorin, 5-fluorouracil), XELOX (oxaliplatina, kapecitabin)
**WTP (willingness to pay) pfestavuje zpravidla doporucené rozmezi, o ptiznani thrady rozhoduji dalsi parametry (zavaznost
onemocnéni, alternativni terapie, budget impact).
***doporucend horni hranice WTP
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Zavér

Lécba mCRC bevacizumabem je pouze jednim z pfi-
kladt zvyseni nakladti na zdravotni pé¢i po vstupu cile-
nych molekul na trh. Publikované farmakoekonomické
analyzy mohou byt podkladem pro dalsi diskuze o bene-
fitu aplikace 1éCiva. Stejné tak dulezité je retrospektivni
hodnoceni u¢innosti v bézné klinické praxi. K uc¢elnému
vyuzivani nakladnych 1é¢iv pfispivaji biomarkery, které
napomahaji urcit, zda dana lécba bude efektivni. Klinic-
ka praxe vSak nema prozatim zadny biomarker pro selek-
ci pacientt s dobrou lé¢ebnou odpovédi na bevacizumab
— na rozdil od terapie inhibitory EGFR, ktera mtze byt
indikovana pouze pacientim s WT RAS. Farmakoeko-
nomické hodnoceni novych 16¢iv méa v Ceské republice
svoji oporu v Zakon¢ o vetejném zdravotnim pojisténi €.
48/1997 Sb. a thradové vyhlasce ¢. 63/2007 Sb. Statni
ustav pro kontrolu 1é¢iv pti rozhodovani o vysi a pod-
minkach thrady pozaduje vypracovani analyzy naklado-
vé efektivity a dopadu na rozpodet v ptipadech, kdy je
pozadovano rozsifeni podminek thrady (vedouci ke zvy-
Seni poctu 1éCenych pacienttl) ¢i zvySeni uhrady oproti
zakladni Ghrad¢ v referencni skuping.

Ve zdravotnictvi je vyuZivana fada nakladnych techno-
logii, pro jejichz hodnoceni neni zatim v Ceské republice
vypracovana jednotna metodika. Mezinarodné uznavanou
metodou hodnoceni zdravotnickych technologii vcetné
léciv je koncept Health Technology Assessement (HTA,
napt. HTA Core Model), ktery shromazd’uje a hodno-
ti informace o medicinskych, socidlnich, ekonomickych
a etickych dopadech zdravotnickych technologii v daném
zdravotnim systému?®. Principem je oddéleni faze hodno-
ceni ur€ité technologie, tzv. assessment, které shromaz-
d’uje data a hodnoti intervenci, a nasledné posouzeni, tzv.
appraisal, tedy rozhodnuti o hodnocené technologii v da-
ném zdravotnim systému ve smyslu jejiho pfijeti ¢i zamit-
nuti do systému thrad ze zdravotniho pojisténi. Tyto prin-
cipy jsou vyuzivany napt. ve Velké Britanii, kde existuje
National Institute for Health and Care Excellence (NICE)
poskytujici odborna stanoviska pro National Health Servi-
ce (NHS) k pouzivani nakladnych technologii. Podobné
v Némecku existuje od roku 2004 Institut fiir Qualitét
und Wirtschaftlichkeit und Gesundheitswesen (IQWiG).
Ceska republika patii k zemim s vyspé&lou zdravotni pééi,
ktera je vSak také finan¢né velmi naroc¢na. Lze predpokla-
dat, ze naklady na zdravotni péci s dal§im rozvojem no-
vych 1é¢iv a novych technologii budou narGstat. Otazka
hodnoceni a rozhodovani o vstupu novych technologii do
systému uhrad bude nadale klicova. AvSak zatim zadna
z mezinarodné pouzivanych metod komplexniho hodno-
ceni zdravotnickych technologii neméa v Ceské republice
politickou ani legislativni oporu.

Stiret zajmu: zadny.
Literatura

1. van Cutsem E., Cervantes A., Adam R., et al. ESMO con-

sensus guidelines for the management of patients with metasta-

10.

11.

12.

13.

14.

tic colorectal cancer. Ann Oncol. 2016; 27(8), 1386—422. doi.
org/10.1093/annonc/mdw235

. Ustav zdravotnickych informaci a statistiky CR. Novotvary 2016.

Available from: http://www.uzis.cz/katalog/zdravotnicka-statisti-
ka/novotvary (accessed on 10. 3. 2019).

. Vyzula R. Modra kniha Ceské onkologické spole¢nosti. Brno

2018. Available from: http://www.linkos.cz/informace-pro-praxi/
modra-kniha/ (accessed on 10. 3. 2019).

. Giantonio B. J., Catalano P. J., Meropol N. J., et al. Bevaci-

zumab in Combination With Oxaliplatin, Fluorouracil, and Le-
ucovorin (FOLFOX4) for Previously Treated Metastatic Colo-
rectal Cancer: Results From the Eastern Cooperative Oncology
Group Study E3200. J. Clin. Oncol. 2007; 25(12), 1539-1544.
doi:10.1200/JC0.2006.09.6305

. Hurwitz H., Fehrenbacher L., Novotny W., et al. Bevacizu-

mab plus Irinotecan, Fluorouracil, and Leucovorin for Metastatic
Colorectal Cancer. N. Engl. J. Med. 2004; 350(23), 2335-2342.
doi:10.1056/NEJM0a032691

. Douillard J. Y., Siena S., Cassidy J., et al. Final results from

PRIME: randomized phase III study of panitumumab with FOL-
FOX4 for first-line treatment of metastatic colorectal cancer. Ann
Oncol. 2014; 25(7), 1346—1355. doi.org/10.1093/annonc/mdul41

. Bokemeyer C., Bondarenko I., Hartmann J. T., et al. Efficacy

according to biomarker status of cetuximab plus FOLFOX-4 as
first-line treatment for metastatic colorectal cancer: the OPUS stu-
dy. Ann Oncol. 2011; 22(7), 1535-1546. doi.org/10.1093/annonc/
mdq632

. Cutsem E. V., Tabernero J., Lakomy R., et al. Addition of

Aflibercept to Fluorouracil, Leucovorin, and Irinotecan Impro-
ves Survival in a Phase III Randomized Trial in Patients With
Metastatic Colorectal Cancer Previously Treated With an Oxali-
platin-Based Regimen. J. Clin. Oncol. 2012; 30(28), 3499-3506.
doi:10.1200/JC0O.2012.42.8201

. Cutsem E. V., Kohne C.-H., Lang I., et al. Cetuximab Plus Iri-

notecan, Fluorouracil, and Leucovorin As First-Line Treatment
for Metastatic Colorectal Cancer: Updated Analysis of Ove-
rall Survival According to Tumor KRAS and BRAF Mutation
Status. J. Clin. Oncol. 2011; 29(15), 2011-2019. doi:10.1200/
1CO.2010.33.5091

Grothey A., Cutsem E. V., Sobrero A., et al. Regorafenib mo-
notherapy for previously treated metastatic colorectal cancer
(CORRECT): an international, multicentre, randomised, placebo-
controlled, phase 3 trial. Lancet 2012; 381(9863), 303-312. doi.
org/10.1016/S0140-6736(12)61900-X

Aghagolzadeh P., Radpour R. New trends in molecular and ce-
llular biomarker discovery for colorectal cancer. World J. Gastro-
enterol. 2016; 22(25), 5678-5693. doi:10.3748/wjg.v22.i125.5678
Statni tstav pro kontrolu 1é¢iv. Vectibix, detail 1é¢ivého piiprav-
ku, ceny a uhrady, indika¢ni omezeni. Available from: http://www.
sukl.cz/modules/medication/detail.php?code=0029248 &tab=
texts (accessed on 10. 3. 2019).

Statni ustav pro kontrolu 1é¢iv. Erbitux, detail 1é¢ivého piiprav-
ku, ceny a uhrady, indika¢ni omezeni. Available from: http://www.
sukl.cz/modules/medication/detail.php?code=0028761&tab=
prices (accessed on 10. 3. 2019).

Hurwitz H. L., Yi J., Ince W., Novotny W. F., et al. The clinical
benefit of bevacizumab in metastatic colorectal cancer is inde-
pendent of K-ras mutation status: analysis of a phase III study
of bevacizumab with chemotherapy in previously untreated me-



Ces. slov. Farm. 2019; 68, 43-47

47

15.

16.

17.

18.

19.

20.

tastatic colorectal cancer. The Oncologist. 2009; 14(1): 22-28.
doi:10.1634/theoncologist.2008-0213

Linkos. Klinicky registr CORECT. Available from: http://www.
linkos.cz/prehled-registru/klinicky-registr-corect/ (accessed on
12.2.2019).

Cutsem E. V., Rivera F., Berry S., et al. Safety and efficacy of
first-line bevacizumab with FOLFOX, XELOX, FOLFIRI and
fluoropyrimidines in metastatic colorectal cancer: the BEAT stu-
dy. Ann Oncol. 2009; 20(11), 1842-1847. doi.org/10.1093/an-
nonc/mdp233

Statni ustav pro kontrolu lé¢iv. Avastin, detail 1é¢ivého pii-
pravku, ceny a uhrady, indikacni omezeni [Internet]. Available
from:  http://www.sukl.cz/modules/medication/detail.php?code
=0028396&tab=prices (accessed on 10. 2. 2019).

Hradecka I., Rihova B., Horova R., et al. The cost study of
first-line treatment of metastatic colorectal carcinoma with beva-
cizumab- containing regimen in the Czech Republic]. Klin. Onkol.
2014; 27(4), 255-260.

Goldstein D. A., Chen Q., Ayer T., et al. First- and second-line
bevacizumab in addition to chemotherapy for metastatic colorectal
cancer: A United States-based cost-effectiveness analysis. J. Clin.
Oncol. 2015; 33(10), 1112—-1118. doi:10.1200/JC0O.2014.58.4904
Tappenden P., Jones R., Paisley S., et al. The cost-effectiveness
of bevacizumab in the first-line treatment of metastatic colorectal
cancer in England and Wales. Eur. J. Cancer 2007; 43(17), 2487—
2494. doi.org/10.1016/j.ejca.2007.08.017

21.

22.

23.

24.

25.

26.

Jain S., Shankaran V. The Economics of personalized therapy in
metastatic colorectal cancer. Curr Colorectal Cancer Rep. 2016;
12(3), 123-129. doi.org/10.1080/14737167.2016.1259070
Lawrence D., Maschio M., Leahy K. J., et al. Economic analy-
sis of bevacizumab, cetuximab, and panitumumab with fluoropy-
rimidine-based chemotherapy in the first-line treatment of KRAS
wild-type metastatic colorectal cancer (mCRC). J. Med. Econ.
2013; 16(12), 1387-1398. doi.org/10.3111/13696998.2013.8520
97

Finek J., Skoupa J., Jandova P. Cost-effectiveness analysis of
panitumumab plus mFOLFOX6 compared to bevacizumab plus
mFOLFOXG6 for first-line treatment of patients with wild-type
RAS metastatic colorectal cancer — Czech Republic model adapta-
tion. Klin Onkol. 2015; 28(4), 265-272.

Shankaran V., Mummy D., Koepl L., et al. Survival and lifetime
costs associated with first-line bevacizumab use in older patients
with metastatic colorectal cancer. The Oncologist August 2014;
19(8), 892-899.

Biichler T., Melichar B., Vrana D., et al. Evaluation of anti-ca-
ncer therapies with reimbursement limited to comprehensive ca-
ncer centres using the European Society for Medical Oncology
Magnitude of Clinical Benefit Scale. Klin. Onkol. 2017; 30(5):
349-360.

EUnetHTA Joint Action 2, Work Package 8. HTA Core Model ®
version 3.0 (Pdf); 2016. Available from: www.htacoremodel.info/
BrowseModel.aspx (accessed 10. 2. 2019).



48

PREHLEDY A ODBORNA SDELENI

Ces. slov. Farm. 2019; 68, 48-68

Prenylované¢ fenoly s cytotoxickou a antiproliferativni aktivitou

izolované z Morus alba

Prenylated phenols with cytotoxic and antiproliferative activity

isolated from Morus alba

Nikol Prausova ¢ Peter Kollar

Doslo 18. dubna 2019 / Ptijato 7. kvétna 2019

Souhrn

Tento ptehledovy pfispévek se zabyva cytotoxickou
a antiproliferativni aktivitou 57 prenylovanych fenoli
izolovanych z Morus alba. Prenylovany postranni feté-
zec, ktery muze byt rizné modifikovan, zvysuje lipofili-
tu latek, ¢imz zlepsuje jejich prostupnost biologickymi
membranami a vede tak ke zvySeni biologické dostup-
nosti. Cilem byla snaha popsat vztah mezi strukturou
prenylovanych fenoll a jejich cytotoxickym téinkem
a objasnit riizné mechanismy, kterymi cytotoxické pre-
nylované fenoly indukuji apoptosu. Zavéry ukazaly, ze
se cytotoxicita latek zvySuje s rostoucim poctem pre-
nylovanych postrannich fetézct a ketalovych skupin.
Modifikace prenylovaného postranniho fetézce, jako
je napfiklad hydroxylace, cytotoxicitu naopak snizuje.
Cytotoxickou aktivitu ovliviiuje také pfitomnost preny-
lovych a hydroxylovych skupin ve specifickych polo-
hach.

Kli¢ova slova: Morus alba * prenylované fenoly ¢ anti-
proliferativni aktivita ¢ cytotoxicita

Summary

This review deals with cytotoxic and antiproliferative
activity of fifty seven prenylated phenols isolated
from Morus alba. Prenyl side chain, which can be
variously modified, increases lipophilicity of the
substances, thereby improving their penetration
through biological membranes and thus results in
an increased bioavailability. The objective was to
describe the relationship between structure of the
prenylated phenols and their cytotoxic effect and
to clarify various mechanisms by which cytotoxic
prenylated phenols induce apoptosis. The conclusions
showed that the cytotoxicity of the substances

N. Prausova ¢ doc. PharmDr. Peter Kollar, Ph.D. (<)

Veterinarni a farmaceuticka univerzita Brno, Farmaceuticka fakulta
Ustav huménni farmakologie a toxikologie

Palackého 1/3, 612 42 Brno

e-mail: F14103@vfu.cz; KOLLARP@vfu.cz

increases with increasing number of the prenyl side
chains and ketal groups. Conversely, modification of
the prenyl side chain, such as hydroxylation, reduces
cytotoxicity. The cytotoxic activity is also influenced
by the presence of prenyl and hydroxyl groups at
specific positions.

Key words: Morus alba * prenylated phenols ¢ anti-
proliferative activity ¢ cytotoxicity

Uvod

Nadorova onemocnéni jsou po kardiovaskularnich
chorobach druhou nejéast&ji ptic¢inou umrtnosti v Ces-
ké republice a jejich incidence celosvétove stale ros-
te. Naopak mira umrtnosti klesa, za coz je zodpovédna
zvySujici se kvalita 1ékaiské péce, Casna diagnostika
nadorovych onemocnéni a dostupnost novych diagnos-
tickych a terapeutickych prostredk.

Nevyhodu chemoterapie predstavuje nedostatek jeji
selektivity a toxicita. Pomérné casto také dochazi ke
snizeni u¢innosti chemoterapie vznikem rezistence, coz
ma za nasledek selhani 1é¢by. Tyto zminované ddvo-
dy jsou tedy podnétem pro hledani novych latek, které
by ucinkovaly selektivné a vykazovaly tak minimalni
cytotoxicitu vii¢i nenadorovym bunkam.

V 1é¢bé nadorovych onemocnéni hraji nezastupitelnou
roli latky pfirodniho puvodu, jako jsou napiiklad
Vinca alkaloidy, taxany ¢i derivaty podofylotoxinu
a kamptotecinu. V souCasné dob& roste zajem
o prenylované fenolické slouceniny, ktery je zapfi¢inény
silnou nehydrolyzovatelnou substituci fenolického sys-
tému prenylovymi skupinami. Prenylovany postranni
fetézec zvysuje lipofilitu latky, zlepSuje tak jeji prostup-
nost skrze bunééné stény a navic ptispiva k cytotoxic-
ké aktivité. Moraceae je jednou z nejbohatsich celedi
na prenylované flavonoidy, a proto byl ke studiu pre-
nylovanych fenoll s cytotoxickou a antiproliferativni
aktivitou vybran pravé morusovnik bily.

Cilem prace je vyhledat v dostupné literatuie pre-
nylované fenoly s cytotoxickou a antiproliferativni
aktivitou izolované z Morus alba a nasledné popsat
a vyhodnotit souvislosti mezi strukturou téchto latek
a jejich u¢inkem.



Ces. slov. Farm. 2019; 68, 48-68

49

Morus alba L.

Morus alba pivodem pochazi z Ciny a také je
hojné péstovana v Koreji a Japonsku. Listi moruse
pfedstavuje primarni stravu pro bource morusového
(Bombyx mori L.), ktery podporuje hedvabnicky pru-
mysl jiz cel4 staleti". Antické Recko morusim pfipi-
sovalo narkotické a antitoxické uc¢inky. Ve stfedni
Asii plody morusi susili a mleli na sladkou mouku.
Dobfe ususené jsou totiz trvanlivé a mohou nahrazo-
vat cukr?. Vej¢ité valcovita plodenstvi jsou vhodna
zejména k vyrobé marmelad, zmrzlin, octt, $tav nebo
vin¥. Z bilych plodi se rovnéz ptipravuje most medo-
vé chuti?.

Plody jsou bohaté na vitamin C a obsahuji celou
fadu minerall — zelezo, vapnik, fosfor, draslik nebo
hot¢ik®. Uplatiiuji se v 1é¢bé slabosti, zavrati, tinni-
tu, unavy, anemie, flatulence a inkontinence®. Listim
moruse se pripisuje antioxidaéni, antimikrobialni,
cytotoxicky, antidiabeticky, antihyperlipidemicky,
antiateroskleroticky, antiobezitni a kardioprotektiv-
ni Géinek. Kofenova kura vykazuje antimikrobialni,
cytotoxické, protizanétlivé a antihyperlipidemické
vlastnosti”’. Mezi dalsi G¢inky kofenové kiry se
fadi ucinek antibakteridlni, antioxidac¢ni, hypogly-
kemicky, neuroprotektivni, antiulcer6zni a analge-
ticky®.

Tradi¢ni ¢inska medicina pouziva listy, plody a kiiru
moruse k 1é¢bé horecky, ochrané poskozeni jater, zlep-
Seni zraku, posileni kloubti nebo ke snizeni krevniho
tlaku". Dale vyuZziva i kofenové kiry k terapii kasle
a astmatu”).

Obsahove latky

Rizné rostlinné casti obsahuji rizné latky v roz-
lisSném mnozstvi, a proto se lisi 1 svymi farmakolo-
gickymi ucinky. V listech jsou obsazeny flavonoidy
(rutin, kvercetin, isokvercetin, moracetin, astragalin),
triterpeny (lupeol), steroly (B-sitosterol), kumariny,
alkaloidy, organické kyseliny a aminokyseliny. Ve
vétvich moruse byly objeveny flavonoidy (mulberrin,
cyklomulberrin, morusin, kempferol) a fenolické latky
(resveratrol). Plody zase disponuji anthokyany (cya-
nidin), flavonoidy (kvercetin, kempferol) a tokoferoly.
V kofenech byly nalezeny téz flavonoidy (morusin,
morusinol), alkaloidy (kalystegin) a stilbeny (oxyre-
sveratrol)¥.

Prenylované fenoly

Prenylované fenolické latky se objevuji v Celedich
Paulowniaceae (Paulownia spp.), Leguminosae (So-
phora spp.), Guttiferae (Garcinia spp.), Rutaceae
(Neoreaputia spp.), Cannabaceae (Cannabis a Humu-
lus spp.) a Moraceae (Morus, Maclura, Artocarpus
spp.). Prenylované fenoly zahrnuji nékolik kategorii,
pficemz je vzdy nutna pfitomnost spole¢ného fenolic-
kého hydroxylu na skeletu rozdilného biosyntetického
puvodu substituovaného prenylovou skupinou. Jedna

se o flavonoidy, chalkony, xanthony, stilbeny, kuma-
riny, chinony, ftalidy, aromatické organické kyseliny
a acylfloroglucinoly. Siroké biologicka aktivita je mo-
difikovana charakterem skeletu latky i substituci pre-
nylu®.

Prenyl (3-methyl-2-buten-1-yl) nebo isoprenyl je
terpenoidni postranni fetézec, jenz se ¢asto vyskytuje
v jedné nebo vice specifickych polohach fenolického
skeletu pfes atom uhliku (C-) nebo kysliku (O-) ¢i
pies oba”. Jinou moznost ptipojeni tvoii cyklizace se
sousednim hydroxylem za vzniku 2,2-dimethyl-pyra-
nu nebo furanu®.

Nejvétsi zajem o tento typ sloucenin zapficinuje
silna, nehydrolyzovatelna C-substituce fenolického
systému prenylovymi skupinami, které obecné zvy-
Suji lipofilitu a udéluji molekule silnou afinitu k bio-
logickym membranam. Jinymi slovy, prenylova ¢ast
pusobi jako transportér fenolické latky skrze bunééné
stény a dokonce ptispiva k biologické aktivité vyka-
zované celou molekulou, coZ se ukazalo v nedavnych
studiich vztahi mezi strukturou a uc¢inkem. Kombi-
nace prenylové skupiny s fenolickym skeletem muze
tedy poskytovat sérii novych zajimavych biologic-
kych aktivit, jak je jiz prokdzano u mnoha izolova-
nych bioaktivnich terpenoidd a fenold®.

Prenylované flavonoidy

Podskupinu flavonoidi tvofi prenylované flavo-
noidy, které slucuji flavonoidni skelet s lipofilnim pre-
nylovanym postrannim fetézcem. Do roku 2005 bylo
objeveno 37 rodd obsahujicich prenylované flavo-
noidy. Dle soucasné literatury se nejvice téchto latek
nachazi v ¢eledi Moraceae. V rostlinné tisi jsou tyto
latky pokladany za fytoalexiny, které hraji dilezitou
ulohu ve fyziologickych procesech obrany proti pato-
gennim mikroorganismim'?.

Obecné je C-prenylace vice znama nez O-prenylace.
C-prenylace se objevuje v poloze C-6 nebo C-8 A-kru-
hu nebo v poloze C-3"a C-5" B-kruhu, coz se obvykle
nachazi v ortho poloze hydroxylové skupiny. C-pre-
nylace na C-kruhu nastava vzacné. Prenylovanych po-
strannich fetézcl existuje cela fada, nejcastéji se vSak
jedna o vzorec 3,3-dimethylallyl. Flavonoidy s gera-
nylovou nebo farnesylovou skupinou se téz objevuji
mezi pfirodnimi prenylovanymi flavonoidy. Oxidace,
cyklizace, dehydratace ¢i redukce prenylovaného po-
stranniho fetézce vedou ke vzniku riznych modifikaci
terpenoidniho fetézce'?.

Diels-Alderovy typ flavonoidd vznikd enzyma-
tickou reakci dehydroprenylu (dien) s a,3-dvojnou
vazbou chalkonu (dienofil)'V. Konkrétné se jedna
o intermolekularni [4+2] cykloadici'?. Tyto sekun-
darni metabolity se nalézaji hlavné v celedich Mora-
ceae a Zingiberaceae a vykazuji slibnou biologickou
aktivitu vyuzitelnou pii hypertenzi, HIV, tuberku-
16ze, zanétu a nadorech'”. Doposud bylo z ¢&eledi
Moraceae izolovano okolo 80 Diels-Alderovych
adukta'?.
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Tab. 1. Prenylované flavony

Substituent Latka Bunééna linie Hodnota uéinku | Dalsi informace Odkaz
NCI-H187 IC,,= 31,73 pm PK elipticin 14,15)
Vero IC,, = 38,24 um IC,,=10,96; 2,85 um
HL-60 IC,,=7,0 um
HeLa IC,,=31,8 pm PK cisplatina
acyklicky prenyl na . HepG-2 IC,,=10,2 pm IC,,=3,7;49; 12,5, | '9
Akruhu licoflavon C A-549 IC,=256um | 12,4;188 ym
AGS IC,, = 18,3 um
HA4IIE IC, =42 umolyl | ¥ Dufikdch HALE:
c6 I CSO —137 Ul indukce apoptosy )
50 Hmo aktivaci kaspasy 3/7
Z"{li‘]fﬁy Prenylng | o banin A BI6 IC,, = 84,7 um 15,19
_ PK doxorubicin 20.1)
PC-3 IC,, = 55,6 pm IC, = 0.9 um
HelLa IC,,=1,25 um PK deguelin
cyklicky prenyl na MCF-7 IC,, = 6,54 um IC,, = 6,4;5,3; 2D
A-kruhu atalantoflavon Hep3B IC, =433 um | 293 pum
CCRF-CEM IC,, = 44,69 um f(lf dj’(‘)"zrgblcm ”
= 50 >
CEM/ADR 5000 | IC, =33,35 um 2195,12 um
omezeni exprese
proteinu Mcl-1
cyKlicky prenyl na SCC2095 IC,, = 4,2 pm a fosforylace AkU -
C-kruhu cyklocommunol Ca922 I CSO -5 um mTor, +19)
50 H zvyseni tvorby ROS,
aktivace kaspasy-9
a-3
. HelLa IC,,=2,24 um PK deguelin
Z‘C_}l/(l;ﬂ;l;y geranyl na 8-geranylapigenin MCF-7 IC,,=3,21 pm IC,, = 6,4;5,3; 2D
Hep3B IC,,= 3,65 pm 29,3 um
L, HeLa IC,,= 1,64 pm PK deguelin
;Cﬁ‘uhﬁﬁy geranylna |y vanon S MCF-7 IC,=7,02um | IC,=64;53; 21
Hep3B IC,,= 8,47 um 29,3 um
3’-geranyl-3- HelLa IC,,=1,32 um PK deguelin
prenyl-2°,4",5,7- MCF-7 IC,,=3,92 pm IC,, = 6,4;5,3; 2D
tetrahydroxyflavon Hep3B IC,, =522 pm 29,3 um
HeLa IC,,=2,28 um PK deguelin
prenyl i geranyl sanggenon J MCF-7 IC,,=4,56 um IC,, = 6,4;53; 2
Hep3B IC,,= 5,30 pm 29,3 pm
HeLa IC,;=2,29 pm PK deguelin
sanggenon K MCF-7 IC,,=3,51 um IC,,=6,4;53; 2
Hep3B IC,,= 3,09 um 29,3 um
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diprenyl

morusin

zvyseni exprese
E-kadherinu,

snizeni exprese
vimentinu a integrinu

SK-Hepl 5-75 um 02, a6 aBl, 24D

redukce aktivity

MMP2 a MMP9,

potlaceni STAT3

a NF-xB

_ indukce apoptosy 25)

HT-29 1€, =6,1 pm potla¢enim NF-«xB
MCE-7 ICy, 1845 pm snizeni exprese
MDA-MB-231 | IC,, 18-45 um e
MDA-MB-157 | IC, 18-45um | POEm! S0V 2
MDA-MB-453 | IC,, 18-45 um OV
MCF10A IC,>118pm | PO

influx vapniku pies

napétové fizeny
A2780 IC. = 31,64 um aniontovy kanal do

50 ’ H iz

SKOV-3 IC,=39,00 pm | Ttochoncril )
HO-8910 1€y, =43,18 pm a mitochondrii,

produkce ROS —

indukce paraptosy
H1299 0-50 um
H460 0-50 pm potlaceni signalni 28)
H292 0-50 pm drahy EGFR/STAT3
H1975 0-50 pm
Hela IC,,= 0,94 pm potlaceni NF-xB )
DU145 IC,,=26,27 um
M2182 IC,, = 22,19 pm dagent
PC-3 IC,=1997um | g S0 P
LNCaP IC,, = 21,89 pm
RWPE-1 IC,, = 43,48 um
AsPC-1 20 pm
BxPC-3 20 pm potlaceni exprese 3
MIA Paca-2 20 pm STAT3
PANC-1 20 um

synergicky ucinek

s proteinem TRAIL,

aktivace kaspasy-3,
USTMG 3,102 20 pm ;)igzic?e’mi exprese

’ a survivin,

U25IMG 5, 10220 um inhibice drahy EGFR/

PDGFR-STAT3,
indukce tvorby
receptoru smrti DRS
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Substituent Latka Bunécna linie Hodnota u¢inku | DalSi informace Odkaz
potlaceni exprese
proteinu CD133,
nestinu, Oct4 a Sox2,
zvySeni exprese
adipogennich

GBM IC,,= 6,87 pg/ml | proteini — PPARy,
GSCs IC,,=3,92 pg/ml | adipsin D, ap2, 3
L02 IC,,= 38,06 um perilipin,
snizeni exprese
proteinu Bcl-2
a zvyseni exprese
proteinu Bax
a kaspasy-3
down-regulace CDK
1,2 a5 mg/l ..
morusin MKN45 U2as mi i acyklind— CDK2, | ,,
SGC7901 CDK4, cyklin D,
acyklin E,
HL-60 IC,,=16,8 um
Hela IC,,=19,0 pm PK cisplatina
HepG-2 IC,,>40 pm IC,,=3,7;49; 12,5, | '9
. A-549 IC,,= 39,0 pm 12,4; 18,8 um

diprenyl AGS IC,,=21,7 ym
zvyseni exprese
proteinu p53,

H22 1040 mg/kg survivinu, cyklinu 3
B, a sniZeni exprese
genu NF-kB

SMMC-7721 IC,,=20,6 pm PK cisplatina

BGC-823 IC,,= 12,6 pm IC,,=6,3;73 36)

SGC-7901 IC,, =758 um a 14,1 um
potlaceni fosforylace
Rb proteinu,
inhibice exprese
TNF-a, IL-1B,

THP-1 LD, =243 um IL-1RA,

LAPC-4 10220 pm sniZeni exprese

cudraflavon B DU-145 10220 um genu, které jsou pod | 37
PC-3 10220 pm transkripéni kontrolou|
BPH-1 20230 um NF-kB,

PK oxaliplatina
IC,,= 1,7 um
PK kamptotecin
IC,,=0,2 um
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diprenyl

PK cisplatina
IC,,=24,3220,4 um
zvyseni exprese
proteinu Bax,

snizeni exprese
proteinu Bcl-2,

IleIII:IIAIlZ }%Oz }g’; K gll uvolnéni cytochromu | 3
50 M C a aktivace kaspas,
down-regulace Rb
proteinu,
zvySena exprese
cudraflavon B proteinu p53’ p2]
ap27
PK vinkristin
BGC-823 IC, =72 pg/ml _ )
30 IC,,= 19 pg/ml
_ PK vinblastin -
B16 ICu=125um |10 50 m
KB IC,,= 25,78 pm PK elipticin 14
MCF-7 IC,, = 34,65 um IC,, = 13,48;
NCI-H187 IC,,=35,51 um neaktivni, 10,96
Vero IC,,=29,32 ym a2,85 um
HL-60 1€y, = 18,2 um PK cisplatina
HeLa IC,,> 40 pm 7
. IC, =3,7,4,9; 12,5;
morusinol HepG-2 IC,,>40 pm | 2521. 18.8 um 16)
A-549 IC,, > 40 um SO H
AGS IC,,>40 pm
A-349 1€y, > 10 pg/ml PK 5-fluorouracil
Bel 7402 IC,,> 10 pg/ml IC. =0.2:05:0.7:
kuwanon G BGC-823 IC,,> 10 pug/ml 0 550a 07’ ’ /’m,l B Il
HCT-8 IC,> 10 pg/ml | 720 HE
A2780 IC,,> 10 pg/ml
HeLa IC,,= 1,66 um PK deguelin
cyklomorusin MCEF-7 IC,, =785 um IC,,=6,4;5,3; 2
Hep3B IC,,= 7,55 pm 29,3 um
HeLa IC,, < 10 pg/ml 19
neocyklomorusin CCRF-CEM IC,, = 59,02 um f(lj( d;))(()o;;blcm N
= 50 >
CEM/ADR 5000 | IC, = 69,98 um 2 195,12 um
HeLa IC,,= 3,69 pm PK deguelin
cyklomulberrin MCE-7 IC,,=7,19 pm IC,,=6,4;53; 2D
Hep3B IC,,= 6,64 um 29,3 um
B16 IC. =142 um PK vinblastin 18,42)
s IR IC,, =50 um
kuwanon C
P388 IC,,= 14,0 pm e
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Substituent Latka Bunééna linie Hodnota u¢inku | DalSi informace Odkaz
produkce ROS,
aktivace MAPK,
zvyseni exprese
_ proapoptotickych 44,15
A375.82 IC = 3,42 pm proteint (Puma, Bax,
Bad, Bid),
aktivace kaspasy-9
a3/7
_ PK vinblastin 18)
B16 IC,,=9,2 um IC,, = 50 um
SMMC-7721 IC,,= 11,8 um PK cisplatina
cudraflavon C BGC-823 IC,, =24,9 um IC,,=63;73 3
SGC-7901 IC,,=35,5 um al4,1 um
P3388 IC,,= 4,50 um 4
inhibice signalizace
PI3K-AKT,
diprenyl KMI12 ICs,=7.77 pm aktivace vnitini
Caco-2 IC,,=9,01 pm Kaspazové drah
HT-29 IC,=1688 pm | P2 20e SO
HCC2998 IC. =22,18ym | "Pleswaces 4
30 EGR1, HUWEI1
SwW48 IC,,=24,74 ym 4 SMG1
HCT116 IC;, = 34,67 um down—re’gulace genu
CCD 841 Con IC,,> 100 um MYBI, CCNBI
a GPX2
kuwanon A RAW 264,7 IC,,=10,5 pm inhibice produkce NO | #7
kuwanon T RAW 264,7 IC,,=10,0 pm inhibice produkce NO | 4?
3’,8-diprenyl-4',5,7- | HeLa IC,,= 1,66 um PK deguelin
-trihydroxyflavon MCEF-7 IC,, =527 pm IC,,=6,4;53; e
Hep3B IC,,=4,71 pm 29,3 um
HL-60 IC,,> 40 pm
HeLa IC,,> 40 pm PK cisplatina
artonin I HepG-2 IC,,>40 pm IC,,=3,7;49; 12,5, | '9
A-549 IC,,> 40 pm 12,4; 18,8 um
AGS IC,,> 40 pm
antagonisticky ucinek
triprenyl kuwanon H SCLC Ki =290 nm na receptor pro peptid | 4D

uvoliiujici gastrin
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Tab. 2. Prenylované flavanony

inhibice NF-kB

Substituent Latka Bunécna linie Hodnota ucinku | DalSsi informace Odkaz
sanggenon F RAW 264,7 IC,,=19,0 um inhibice produkce NO| 4?
cyklicky prenyl na . )
B-kruhu inhibice proteinu
kuwanon L Molt3 200 pm XIAP vazbou na jeho | #-30
doménu BIR3
PC-3 IC,,=17,0 pmol/l | PK doxorubicin
o NCI-H460 IC,,= 47,4 pmol/l | IC,;=0,2;0,3 31.52)
acyklicky prenylna | o A A-549 IC,, = 35,2 pmol/l | 20,5 pmol/l
A-kruhu 7
_ norartocarpanon 53)
P388 IC,,=7,8 ng/ml IC, = 12,7 pg/ml
acyklicky geranyl na 7246
yilieky gerany -tetrahydroxy-6- dRLh84 IC. = 52,8 pg/ml 54
A-kruhu 50
-geranylflavanon
inhibice produkce
RAW 264,7 IC, =149 um | o 47>
inhibice
exprese TNF-a
a interleukinu-1,
- eni 37)
Kuwanon E THP-1 LD,,> 50 pm potlacen{ fosforylace
RD proteinu,
PK oxaliplatina
L LD, = 1,7 pm
acyklicky geranyl na
B-kruhu CEM IC,, = 15,4 um
RPMI8226 IC,,=16,4 um 53
U266 IC,,=42,2 pm
_ PK oxaliplatina 1)
THP-1 LD, =45.7um |15 7 um
kuwanon U CEM IC,,= 18,5 um
RPMI8226 IC,,=26,8 um 55)
U266 IC,,=56,3 um
THP-1 IC,, = 28,0 pm
MDA-MB-213 IC,,=24,0 pmol/l | . . . .
SW60 IC,, = 10,96 umol/l gg‘bf‘;hfpil(‘)’;f)y )
ACHN IC,, = 13,44 umol/l| 50~ 7T
sanggenon G inhibice proteinu
vazebnd afinita XIAP vazbou na jeho
Molt3 34.26 um doménu BIR3, 49
S aktivace kaspasy-9,
-8a-3
cyklicky geranyl na HL-60 IC,,=17,7 ym
A-kruhu HeLa IC,,= 16,4 pm PK cisplatina
HepG-2 IC,,=16,7 pm IC,,=3,7,49; 12,5, | '9
A-549 IC,,= 14,8 pm 12,4; 18,8 um
AGS IC,,=15,7 um
sanggenol L
potlaceni exprese
A2780 IC,,= 16,7 pm cyklinu D,
SKOV-3 IC,,=16,2 pm aktivace kaspasy-9 5
OVCAR-3 IC,,=30,4 um a-3,




56 Ces. slov. Farm. 2019; 68, 48-68
Substituent Latka Bunééna linie Hodnota u¢inku | Dalsi informace Odkaz
PC3 IC,, = 18.76 pmoll zk_t;vace kaspasy-9 |
zvyseni tvorby ROS,
zvyseni hladiny
Lovo 5-80 pm intracelularniho Ca* |
HT-29 5-80 um a ATP,
SW480 5-80 pm inhibice produkce NO,
snizeni exprese
proteinu Bcl-2
IC,,=2,82 um inhibice produkce NO, 60)
RAW 2647 IC,,=3,38 um inhibice NF-xB
sanggenon C
H22 IC,,=~15 um inhibice proteazomu,
P3388 IC,,=~15 pm zastava buné¢ného o
K562 IC,,=~15 pm cyklu ve fazi G /G,
PK
Egg_z gg” ; ;2 t$ 2’-hydroxychalkon &)
50 CC_ =58;49
= 50 >
HGF CC,,=45 um a 110 um
_ inhibice HIF-1a,
Hen3B igso _ ;’gg % | inhibice VEGF, )
p ICSO _ 1’26 ﬁm potlaceni
0 zivotaschopnosti
HSC-2 CCy =39 pum glfh droxychalkon
diprenyl sanggenon B HSG CC,,=47 pm y: y 62, 64)
HGF CC, =98 um CC, = 58,49
50 K a 110 um
B PK
Eggz ggso ; Z?)Op?m 2’-hydroxychalkon |
0 CC,,=58;49
HGF CC,, =140 pm 2 110 um
IC,,= 1,15 ym inhibice produkce NO, | 4,
sanggenon O RAW 264.7 IC, = 1,29 um inhibice NF-xB
inhibice HIF-1a.
IC,,=1,03 um e >
Hep3B IC.. =2,08 um mhlblvce YEGF, o)
I CSO ~ 875 um potlaceni
0= SO H zivotaschopnosti
PK
HSC-2 CC,,=53 um ,
sanggenon A HSG CC,,=46 um é éhyir(;)g?lzl;alkon 62, 65)
= 50 >
HGF CC,,= 110 um a 110 um
PK
HSC-2 CC_ =44 um ,
50 _ 62, 66)
sanggenon D HSG CC,, =64 pm (2: Chyirgzyzl;alkon
= 50 >
HGF CC,,= 140 um 2 110 um
H460 10-60 pg/ml aktivace kaspasy-9
_ . a-3 67, 16)
sanggenol Q 31524999 }g_gg ﬁ gﬁ} inhibice proteinu

Bcl-2 a XIAP
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Tab. 3. Prenylované chalkony

a-3

Substituent Latka Bunécna linie Hodnota ucinku | DalSsi informace Odkaz
morachalkon A P3388 IC,,=17,8 pm 43,42)

HCT-8 IC,,=6,4 ng/ml )

morachalkon B BGC-823 IC,, = 5.7 pg/ml

HCT-8 IC,,=9,4 ug/ml o)

morachalkon C BGC-823 IC,, = 8,3 pg/ml
vazba na thioredoxin

PC-3 IC,,=26,19 um reduktasu 1, 69,42)
zvyS$eni hladiny ROS
snizeni exprese
MMP-2 a -9,
defosforylace kinasy

Tca8113 20 a 40 um Akt a ERK, 70
down-regulace
proteinu Bcl-2,
up-regulace Bax
inhibice drah Akt
a ERK,

MGC803 IC,, = 49,68 um down-regulace Bcl-2,| 7V
up-regulace Bax,
aktivace kaspasy-3

acyklicky prenyl na ..
A-kruhu CCRF-CEM IC,, = 2,90 um f (If dj’(‘)ozr‘éblcm .
= 50 >

CEM/ADR 5000 | IC = 3,73 um 219512 um

isobavachalkon kombinace

HeLa 25250 um S p'rf)tel,nem TRAIL, |
zvySena exprese
receptoru DRS
soubézna aplikace
chlorochinu

H929 1040 pm vede k aktivaci ™
proteinkinasy C,
kaspasy-9 a -3

OVCAR-8 IC,,=792 pm

PC-3 IC,, = 15,06 um

MCEF-7 IC,,=28,29 um S 7

A-549 IC., = 32,20 um inhibice Akt

L-02 IC,,= 31,61 pm

HUVEC IC,,=31,30 um
up-regulace proteinu

IMR-32 IC,, =56l um | Bax, 0

NB-39 IC,,=6,22 pm aktivace kaspasy-9
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Substituent Latka Bunééna linie Hodnota u¢inku | DalSi informace Odkaz
kuwanon J inhibice NF-kB,
2,4,107- HeLa IC,,=4,65 um PK celastrol ™
-trimethylether IC,,=4,1 um
inhibice NF-kB,
HeLa IC,,= 7,38 pm PK celastrol ™
IC,,=4,1 um
kuwanon R 1. =3.47um | inhibice HIF-la,
=3 o
Hep3B IC. =351 um 1nh1b1vce YEGF, )
ICSO — 6.42 um potlaceni
s DTl zivotaschopnosti
diprenyl IC. = 4,10 um inhibice HIF-1a, PR
o2 inhibice VEGF,
kuwanon J Hep3B IC_ =3,14 um .
I CSO ~ 855 um potlaceni
507 I H zivotaschopnosti
inhibice HIF-1a.
IC,, = 3,80 pm . ?
kuwanon Q Hep3B IC_ =424 ym 1nh1bice ,VEGF’ 63,11
I CSO =504 um potlaceni
0= 27T H zivotaschopnosti
inhibice HIF-1a
IC. =8,32 um . ’
50 2
kuwanon V Hep3B IC, = 7,84 um 1nh1b1vce ,VEGF’ 63,11
ICSO ~ 954 um potlaceni
0 7O H zivotaschopnosti
Tab. 4. Diels-Alderovy adukty chalkonu a dehydroprenyl-2-arylbenzofuranu
Substituent Latka Bunééna linie Hodnota uéinku | Dalsi informace Odkaz
HL-60 IC,, = 3,4 um
HeLa IC,;=9,6 um PK cisplatina
HepG-2 IC,,= 14,4 ym IC,,=3,7,49; 12,5, | '9
A-549 IC,,=153 pm 12,4; 18,8 pm
AGS IC,,=3,5 um
PK cisplatina
IC,,=1,9 um
R e L
CRL1579 IC, = 9,8 um Pasy =3,
mulberrofuran G -8,-9,-2,
zvySeni poméru
Bax/Bcl-2
prenyl A-549 IC, = 5,2 pg/ml
BGC-823 IC,,=5,7 ug/ml PK 5-fluorouracil
HCT-8 IC,, = 8,9 ug/ml IC,,=0,2;0,7;0,5; 40)
A2780 IC,,=5,0 ug/ml 0,720,5 png/ml
Bel 7402 IC,,> 10 pg/ml
IC,, = 2,60 um inhibice HIF-1a 63)
Hep3B IC,,=28,6 um | inhibice VEGF
HL-60 IC,,>40 pm
Hela IC,,>40 um PK cisplatina
mulberrofuran C HepG-2 IC,,>40 pm IC,,=3,7;49; 12,5, | '9
A-549 IC,,> 40 pm 12,4; 18,8 um
AGS IC,;> 40 pm
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HL-60

IC,, > 40 ym

HeLa IC,. > 40 um PK cisplatlna
IC. =3,7;4,9; 12,5,
mulberrofuran J HepG-2 IC,,>40 pm 12521_ 18.8 um 16)
A-549 IC,, > 40 pm S
AGS IC,,> 40 pm
HL-60 1Cy B 171 pm PK cisplatina
HeLa IC,,= 17,1 pm A A )
IC,, =3,7;4,9; 12,5;
HepG-2 IC,,=17,4 um 12521. 18,8 um 16)
A-549 IC,,=16,8 um o
o AGS IC,,=17,5 um
mongolicin C
A-549 IC,, = 6,6 ug/ml
Bel 7402 IC,,= 7,2 pg/ml PK fluorouracil
BGC-823 IC,,=6,1 ug/ml IC,,=0,2;0,5;0,7; |
HCT-8 IC,,=6,7 ug/ml 0,52a0,7 ug/ml
A2780 IC,, = 6,0 ug/ml
prenyl A-549 IC,, > 10 pg/ml
Bel 7402 IC,,> 10 pg/ml PK fluorouracil
australisin C BGC-823 IC,,> 10 pg/ml IC,,=0,2;05;0,7; |
HCT-8 IC,,> 10 pg/ml 0,5a0,7 pg/ml
A2780 IC,, = 8,5 ug/ml
PK cisplatina
IC,,=1,9 um
HL-60 IC,, =376 um  [IC, =21,1 um 78)
CRL1579 IC,,=83,9 um aktivace kaspasy
-3,-8,-9,-2 a zvySeni
mulberrofuran Q poméru Bax/Bel-2
A-549 IC,,> 10 pg/ml
Bel 7402 IC,,> 10 pg/ml PK fluorouracil
BGC-823 IC,,> 10 pg/ml IC,=0,2;0,5;0,7, |*
HCT-8 IC,,> 10 pg/ml 0,5a0,7 ng/ml
A2780 IC,,> 10 pg/ml
A-549 IC,, = 4,9 pg/ml
Bel 7402 IC,,=4.,8 ug/ml PK fluorouracil
mulberrofuran F BGC-823 IC,, = 5,7 ug/ml IC,,=0,2;0,5; 0,7, 40,42)
HCT-8 IC,,=4,7 ng/ml 0,5a0,7 pg/ml
A2780 IC,, = 4,6 ng/ml
A-549 IC,,=5,8 pg/ml
Bel 7402 IC,,= 6,6 pg/ml PK fluorouracil
mulberrofuran E BGC-823 IC,,=5,9 ng/ml IC,=0,2;05;0,7; |7
HCT-8 IC,,= 6,7 pg/ml 0,5a0,7 pg/ml
A2780 IC,, = 5,7 ug/ml
A-549 IC,,=5,5 pg/ml
Bel 7402 IC,,= 5,6 pg/ml PK fluorouracil
BGC-823 IC,, = 5,6 ug/ml IC,=0,2;05;0,7; |*%
HCT-8 IC,,=7,0 pg/ml 0,5a0,7 pg/ml
A2780 IC,, = 5,7 ug/ml
diprenyl chalkomoracin indukce paraptosy
potlacenim exprese
PC-3 IC,,= 6,0 pm proteinu AIPT/ALX, | 4
MDA-MB-231 IC,,=6,0 um zvy$ena tvorba ROS,
zZvySena exprese
PINK1
A-549 IC,, = 0,922 pg/ml
Bel 7402 IC,,= 5,387 ug/ml
yunanensin A BGC-823 IC,, = 0,863 pg/ml 81,82)
HCT-8 IC,,= 5,378 pg/ml
A2780 IC,, = 2,384 pg/ml
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Prenylované stilbeny

Tab. 5. Diels-Alderovy adukty chalkonu a dehydroprenylstilbenu

Substituent Latka Hodnota ucinku Dalsi informace Odkaz
prenyl kuwanon Y IC,, =15 pmol/l inhibice proteinkinasy C | %
Diskuze Lze tedy fici, ze v pfipad¢ diprenylovanych flavont

V préci jsou popsany a hodnoceny cytotoxické a anti-
proliferativni 0¢inky prenylovanych fenoll izolovanych
z moruse bilé. Z celkového souboru 113 prenylovanych
fenold tvotily nejvétsi ¢ast hodnocenych latek prenylo-
vané flavony, dale v sestupném poradi prenylované fla-
vanony, Diels-Alderovy adukty chalkonu a dehydropre-
nyl-2-arylbenzofuranu, prenylované chalkony a nakonec
prenylované stilbeny. Cytotoxickou aktivitu vykazalo
57 latek, pticemz kofenova klira moruse bilé predstavu-
je hlavni zdroj prenylovanych fenoll a také je pomérné
velké mnozstvi téchto latek zastoupeno v listech stromu
Morus alba.

Moraceae je jednou z nejbohatsich ¢eledi na prenylo-
vané flavonoidy'?. Prenylovany postranni fetézec, ktery
muize byt rizné¢ modifikovan, zvySuje lipofilitu latek,
¢imz zlepSuje jejich prostupnost biologickymi membra-
nami a vede tak ke zvySeni biologické dostupnosti”.

Prenylovany postranni fetézec v mnohych pfipadech
zlepSuje 1 biologickou aktivitu, coz bylo prokazano studii
na bunééné linii melanomu B16, kde cytotoxicka aktivita
rostla se vzristajicim po¢tem prenylovych skupin'®. Nej-
siln€jsi cytotoxicky ucinek vykazaly latky obsahujici ve
své struktufe dva prenylované postranni fetézce, ke kte-
rym patfily cudraflavon C, cudraflavon B a kuwanon C.
Podivame-li se detailnéji na struktury téchto tfi latek,
muzeme konstatovat, Ze cytotoxickou aktivitu ovliv-
nuji 1 hydroxylové skupiny ve specifickych polohach.
(IC,,=9,2 um) ma acyklické prenylové skupiny navaza-
ny v polohach C-3 a C-6. Cudraflavon B také obsahuje
prenylové skupiny v polohach C-3 a C-6, avsak v polo-
ze C-6 doslo k cyklizaci prenylu se sousedni hydroxy-
lovou skupinou, coz je pravdépodobné divodem nizsi
cytotoxické aktivity cudraflavonu B (IC,, = 12,5 um)
v porovnani s cytotoxickou aktivitou cudraflavonu C.
Kuwanon C vykazal z téchto tii latek nejvyssi hodnotu
inhibi¢ni koncentrace (IC,, = 14,2 pm), coZ bude s nej-
veétsi pravdépodobnosti zplisobeno substituci acyklicky-
mi prenylovymi skupinami v polohach C-3 a C-8.

V této studii byl také testovan albanin A, ktery obsahuje
jeden acyklicky prenylovany fetézec v poloze C-3. Hod-
nota inhibi¢ni koncentrace albaninu A (IC, = 84,7 um)
se jiz velmi vyrazné liSila od hodnot inhibi¢nich kon-
centraci diprenylovanych flavont. Tato studie také
naznacuje, ze latka obsahujici acyklickou prenylovou
skupinu v poloze C-6 vykazuje mnohem silngjsi cy-
totoxicitu nez latka s acyklickou prenylovou skupinou
v poloze C-3.

byla nejefektivnéjsi substituce acyklickych prenylovych
skupin v polohach C-3 a C-6, dale efektivita klesala
cyklizaci jednoho z prenylu se sousednim hydroxylem
a nejméné efektivni se zdala byt substituce acyklickych
prenylovych skupin v polohach C-3 a C-8'9.

Dalsi studie, ktera podporuje tvrzeni, ze prenylovany
postranni fetézec zvysuje cytotoxicky téinek, porovna-
va cytotoxickou aktivitu 8-prenylapigeninu a apigeni-
nu u nadorové bunécné linie mysiho hepatomu H4IIE
a mysiho gliomu C6, kde hodnota inhibi¢ni koncentrace
apigeninu nebyla na rozdil od 8-prenylapigeninu vibec
stanovena'”. Ke stejnému zavéru dosel Ferlinahayati
etal., kdy C-8 prenylovany euchrenon a, vykazal na bui-
kach mysi lymfocytické leukemie P388 vyssi cytotoxici-
tu nez norartocarpanon, ktery ptitomnost prenylovaného
postranniho fetézce postrada’®®.

Vliv geranylovaného postranniho fetézce na cytotoxic-
kou aktivitu uvadi ve své studii i Smejkal et al. Ukazalo se,
ze flavanony s geranylovou skupinou v poloze C-6 vyka-
zovaly vyssi cytotoxicitu nez flavanony obsahujici geranyl
v poloze C-3°, mezi které patii naptiklad kuwanon E nebo
kuwanon U. Krom¢ toho hydroxylace geranylovaného po-
stranniho Tetézce cytotoxicitu snizuje, stejné jako piitom-
nost hydroxylové skupiny v poloze C-3%9,
znaéné morusin, jehoz struktura obsahuje prenylovou
skupinu v poloze C-8, ktera podlehla cyklizaci s hyd-
roxylovou skupinou v poloze C-7, a dalsi acyklickou
prenylovou skupinu v poloze C-3. U morusinu byly rov-
néz provedeny tfi studie in vivo, v nichz tato latka do-
kazala snizit plicni kolonizaci bunék hepatocelularniho
karcinomu SK-Hepl u imunodeficietniho kmenu mysi
druhu Nude mice a potlacit rust epitelidlniho ovarialni-
ho karcinomu a glioblastomu?*?"-3%. Studie in vivo byla
provedena i u sanggenonu C ze skupiny prenylovanych
flavanont, kde na mySim xenograftovém modelu potlacil
rist karcinomu tlustého stfeva a zvysil apoptosu bun¢k
tohoto nadoru®”. Chalkomoracin je jedinym zastupcem
Diels-Alderovych aduktd chalkonu a dehydroprenyl-2-
-arylbenzofuranu, ktery byl prozatim testovan in vivo. Na
myS$im xenograftovém modelu prokazal inhibi¢ni u¢inek
na rust karcinomu prsu bun&¢né linie MDA-MB-231%.

O selektivité 1ze v ptipad¢ prenylovanych flavont ho-
vofit u cudraflavonu B a cudraflavonu C. Cudraflavon B
ucinné zastavoval bunéény cyklus lidské monocytar-
ni buné¢né linie THP-1 ve fazi G, avSak distribuce ne-
nadorové bunééné linie BPH-1 izolované z benigni
hyperplazie prostaty zlstala ve vSech fazich bunécného
cyklu nezménéna, a to i po vystaveni vysokym koncen-
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tracim cudraflavonu B*?. Silny cytotoxicky u¢inek vy-
kéazal cudraflavon B u dvou nadorovych bunéénych linii
skvamoézniho oralniho karcinomu HN4 a HNI12, avSak
vuci nenadorovym lidskym oralnim keratinocytim cyto-
toxicitu ve stejné koncentraci neprojevil®®. Cudraflavon C
by mohl predstavovat vhodnou molekulu pro studium 1écby
maligniho melanomu A375.S2, protoze indukuje apoptosu
jeho bunek a zaroven neni cytotoxicky vici lidskym fibro-
blastiim a keratinocytim*. Soo et al. zaznamenal selektivni
inhibi¢ni G¢inek cudraflavonu C na proliferaci bunék kolo-
rektalniho karcinomu KM12, Caco-2, HT-29, HCC2998,
SW48 a HCT116, nicméné proliferaci epitelialnich kolorek-
talnich bunék CCD CoN 841 cudraflavon C neinhiboval*®.

Urcita selektivni aktivita byla zjisténa u péti prenylova-
nych flavanond sanggenonu A, B, C, D a O, které proka-
zaly vy$si cytotoxicitu vici lidskym oralnim nadorovym
bunécnym liniim (HSC-2 a HSG) nez vici nenadorovym
lidskym gingivalnim fibroblastim (HGF)®?.

Isobavachalkon projevil selektivni uc¢inek hned ve dvou
studiich. Nejprve byl potvrzen jeho antiproliferativni u¢i-
nek u ctyf nadorovych bunécnych linii OVCAR-8, PC-3,
MCF-7 a A-549 (ovarialni karcinom, karcinom prostaty,
karcinom prsu a karcinom plic) a u dvou nenadorovych
bunécnych linii L-02, HUVEC (jaterni buiiky a lidské en-
dotelialni buniky pupecnikové vény). Nicméné silnéjsi an-
tiproliferativni aktivita byla prokazana u nadorovych bu-
néénych linit OVCAR-8 a PC-3 (IC, = 7,92 a 15,06 um),
a to z toho duvodu, Ze tyto dvé nadorové bunééné linie
vykazuji nadmérnou aktivaci endogenni proteinkina-
sy B (Akt), kterou isobavachalkon u¢inné inhibuje’.
Velmi silny cytotoxicky ucinek isobavachalkonu byl
pozorovan u dvou nadorovych bunéénych linii lidského
neuroblastomu IMR-32 a NB-39 (IC, = 5,61 2 6,22 um),
avsak vuci nenadorovym cerebelarnim granularnim bun-
kam cytotoxicky nepisobil (IC,, > 100 pm)’®.

Ze studie zkoumajici cytotoxicitu desiti prenylo-
vanych flavoni vi¢i tfem nadorovym bunéénym li-
niim HeLa, MCF-7 a Hep3B Ize vyhodnotit jako
nejefektivnéjsi 3’-geranyl-3-prenyl-2°,4",5,7-tetrahydroxy-
flavon, 8-geranylapigenin a sanggenon K. Vsechny tyto
ti1 latky obsahuji geranylovany postranni fetézec, pricemz
3’-geranyl-3-prenyl-2",4",5,7-tetrahydroxyflavon a san-
ggenon K maji ve své struktufe navazanou i prenylo-
vou skupinu v poloze C-3. Znovu se zde potvrzuje teorie,
7e substituce geranylovou skupinou v poloze C-8 (8-gera-
nylapigenin) vykazuje vyssi cytotoxicitu vii¢i nadorovym
bunécnym liniim MCF-7 a Hep3B, nez substituce gera-
nylem v poloze C-3" (kuwanon S). Rozdil mezi 3'-gera-
nyl-3-prenyl-2",4",5,7-tetrahydroxyflavonem a sanggeno-
nem K je v modifikaci geranylové skupiny v poloze C-3".
V piipadé 3 -geranyl-3-prenyl-2°,4",5,7-tetrahydroxyflavo-
nu je tento geranyl acyklicky, avSak sanggenon K ma ve
své struktufe geranyl cyklicky. I zde mize byt cyklicky
geranyl pri¢inou nizsi cytotoxické aktivity vici nadorové
bunécné linii HeLa, nicméné vici nddorovym bunéénym
liniim MCF-7 a Hep3B vykazal lepsi cytotoxicitu pravé
sanggenon K obsahujici geranyl cyklicky. Sanggenon K
i sanggenon J obsahuji geranylovou skupinu v poloze C-3’,
presto vyssi cytotoxicitu vykazuje sanggenon K, u které-

ho dochazi k cyklizaci geranylu s hydroxylovou skupinou
v poloze C-2" narozdil od sanggenonu J, ktery podléha cyk-
lizaci s hydroxylem v poloze C-4". U morusinu, cyklomoru-
sinu a cyklomulberrinu 1ze konstatovat, Ze nizsi cytotoxicka
aktivita morusinu a cyklomorusinu vi¢i MCF-7 a Hep3B
miZe byt zpusobena cyklizaci prenylové skupiny v poloze
C-8 se sousednim hydroxylem v poloze C-7, kdezto u cyk-
lomulberrinu k této cyklizaci nedochazi?P.

Qin et al. se zabyval cytotoxickou aktivitou Diels-Al-
derovych aduktti chalkonu a dehydroprenyl-2-arylben-
zofuranu, prenylovanych flavanoni a prenylovanych
flavonti u nadorovych bunéénych linii HL-60 (lidska
myeloidni leukemie), HeLa (lidsky cervikalni adeno-
karcinom), HepG-2 (lidsky hepatocelularni karcinom),
A-549 (lidsky nemalobunéény karcinom plic) a AGS
(lidsky adenokarcinom zaludku). Z Diels-Alderovych
adukti chalkonu a dehydroprenyl-2-arylbenzofuranu
byla ur¢ena cytotoxicka aktivita pouze u mulberrofura-
nu G a mongolicinu C. Mulberrofuran G vsak vykazal
vyssi cytotoxicky ucinek vici vSem péti nadorovym bu-
nécnym liniim, coz mize byt zplsobeno piitomnosti ke-
talovych skupin, kterych mulberrofuran G obsahuje vice
nez mongolicin C. Geranylovany flavanon sanggenol L
hibi¢ni koncentrace u bunééné linie nemalobunécného
karcinomu plic. Z chemickych struktur 3’-geranyl-3-pre-
nyl-2",4",5,7-tetrahydroxyflavonu, morusinu a morusi-
nolu vyplyva jiz vySe uvadény fakt, Ze cyklizaci preny-
lovaného postranniho fetézce klesa cytotoxicka aktivita.
Morusin a morusinol jsou diprenylované flavony lisici
se modifikaci prenylu v poloze C-3. Morusin ma ve své
struktufe navazany acyklicky prenyl v poloze C-3, ale
morusinol obsahuje v poloze C-3 prenyl cyklicky, a pra-
v¢ proto morusin vykazuje vyssi cytotoxickou aktivitu.
Naopak 3’-geranyl-3-prenyl-2",4",5,7-tetrahydroxyflavon
vykazuje vyssi cytotoxicitu nezZ morusin, protoze je jeho
prenylovany i geranylovany fetézec acyklicky. Pozo-
ruhodné je, ze licoflavon C prokazal nejvyssi cytotoxi-
citu ze vSech testovanych prenylovanych flavont u na-
dorovych buné¢nych linii HL-60 (IC,,= 7,0 = 1,3 um)
a HepG-2 (IC,,= 10,2 = 0,9 um), a to i pfesto, Ze ve své
struktufe obsahuje pouze jeden acyklicky prenylovany
postranni fetézec v poloze C-8'.

Licoflavon C a cudraflavon B byly testovany vuéi na-
dorovym bunéénym liniim KB (lidsky oralni karcinom),
MCF-7 (karcinom prsu) a NCI-H187 (karcinom plic)
a vuci nenadorové bunécéné linii Vero (ledvinné fibroblasty
ziskané z afrického kockodana zeleného). Diprenylovany
cudraflavon B vykazal cytotoxicitu u vSech testovanych
bunéénych linii, zatimco licoflavon C obsahujici jednu
prenylovou skupinu vykazal cytotoxicitu pouze u bunc¢k
karcinomu plic a Vero. To na prvni pohled puisobi, Ze dva
prenylované postranni fetézce cudraflavonu B zlepsuji
jeho cytotoxickou aktivitu. Kdyz vSak porovname jejich
jednotlivé hodnoty inhibi¢nich koncentraci, zjistime, ze
u licoflavonu C byla naméfena niz§i hodnota inhibi¢ni
koncentrace vi¢i buinkam karcinomu plic nez u cudra-
flavonu B a zaroven licoflavon C prokéazal zadouci nizsi
cytotoxicitu vi¢i nenadorovym butikdm Vero'?.
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Existuji vSak i dalsi studie, ve kterych neplati tvrzeni,
ze cyklizace prenylové skupiny se sousedni hydroxylo-
vou skupinou snizuje cytotoxickou aktivitu, naptiklad
pfi testovani morusinu a kuwanonu C na buikach mysi
lymfocytické leukemie P388. Pfestoze morusin ve své
struktufe obsahuje jeden acyklicky a jeden cyklicky pre-
nylovany fetézec, vykazal vyssi cytotoxickou aktivitu
nez kuwanon C, ktery ma ve své struktufe navazany dva
acyklické prenyly ve stejnych polohach jako morusin.
Dale byl testim cytotoxicity podroben i prenylovany
chalkon morachalkon A, ktery ze vsech tii testovanych
latek vykazal nejnizsi cytotoxicitu®.

Studie testujici cytotoxickou aktivitu deviti Diels-
-Alderovych adukti chalkonu a dehydroprenyl-2-aryl-
benzofuranu vic¢i nddorovym bunécnym liniim A-549
(lidsky nemalobunéény karcinom plic), Bel 7402 (lid-
sky hepatocelularni karcinom), BGC-823 (karcinom za-
ludku), HCT-8 (lidsky kolorektalni karcinom) a A2780
(lidsky ovarialni karcinom) dosla k zavéru, ze nejvyssi
cytotoxicity dosahl yunanensin A, v jehoz struktuie jsou
pritomné ketalové skupiny, a dva prenylované postran-
ni fetézce, z nichZ jeden podléha cyklizaci se sousednim
hydroxylem a druhy se podili na 4+2 cykloadici, ze které
vsak nevznika cyklohexen, nybrz benzen. O néco mensi
cytotoxicitu vykazal mulberrofuran F, ktery ve své struk-
tufe také obsahuje ketalové skupiny i dva prenylované
postranni fetézce, z nichz je jeden acyklicky a druhy se
ucastni 4+2 cykloadice. Jak jiz bylo feceno, cyklizace
prenylovaného postranniho fetézce by méla cytotoxicitu
snizovat, coz vSak v tomto pfipadé neplati. Ve struktufe
yunanensinu A mize cytotoxicitu ovliviiovat benzenovy
kruh misto cyklohexenového. Dale téméf stejnou cyto-
toxickou aktivitu vykazaly chalkomoracin a mulberrofu-
ran E. Tyto dvé latky jsou strukturalné velmi podobné,
ob¢ obsahuji dva prenylované postranni fetézce, avsak
chalkomoracin disponuje jednou hydroxylovou skupi-
nou navic, coZ bude pravdépodobné diivodem jeho vyssi
cytotoxicity. Velmi podobnou miru cytotoxicity s t€mito
dvéma latkami prokazal mulberrofuran G, jehoz struktu-
ru tvoii ketalové skupiny. Na rozdil od pfedchozich dvou
latek nevykazal cytotoxicitu u vSech nadorovych bunéc-
nych linii. U mongolicinu C byla zjisténa nizsi cytotoxi-
cita nez u mulberrofuranu G, protoze mulberrofuran G
obsahuje vice ketalovych skupin. Australisin C prokazal
nejslabsi cytotoxicky efekt u nadorové bunécné linie
A2780, zatimco mulberrofuran J a Q spolu s prenylova-
nym flavonem kuwanonem G byly inaktivni. Vzhledem
k vysledkiim této studie 1ze konstatovat, ze vzristajici
pocet prenylovanych postrannich fetézcd, ketalovych
skupin a hydroxylovych skupin zvySuje cytotoxicky uci-
nek40, 8]).

Kikuchi et al. testoval albanol A a mulberrofuran Q
u nadorové bunééné linie myeloidni leukemie HL-60
a melanomu CRL1579. Zde albanol A vykazal dokon-
ce vyssi cytotoxickou aktivitu nez kontrolni cisplatina.
Mulberrofuran Q vykazal naopak jen velmi slabou cy-
totoxickou aktivitu. Vysledek této studie tedy doklada
fakt, ze intenzita cytotoxické aktivity muze korelovat
s mnozstvim ketalovych skupin.

V nékterych piipadech mize o cytotoxicité rozhodo-
vat i kone¢na konfigurace latek. Naptiklad sanggenon C
a sanggenon O jsou vzajemnymi diastereoizomery, kte-
rym se ve své studii vénoval Dat et al. Zkoumal potlace-
ni zivotaschopnosti bunék Hep3B a inhibici akumulace
HIF-1a (hypoxii indukovany transkrip¢ni faktor) a se-
krece vaskularniho endotelidlniho rlstového faktoru
v buiikach této linie. Sanggenon O sice efektivnéji inhi-
boval akumulaci HIF-1a a sekreci vaskularniho endote-
lidlniho rustového faktoru, avS§ak sanggenon C vykazal
silngj$i cytotoxicitu u bunck Hep3B. Z prenylovanych
chalkoni byly témto testim podrobeny kuwanon J, Q,
R a 'V, pficemz kuwanony J, Q a R vykazaly podobné
hodnoty inhibi¢nich koncentraci. Hodnoty inhibi¢nich
koncentraci kuwanonu V byly ve vSech ptipadech nej-
vyssi, z éehoz vyplyva jeho nejslabsi cytotoxicky efekt,
ktery muze byt dan niz§im poctem hydroxylovych sku-
pin v jeho struktuie®.

K zajimavému zavéru dosla studie hodnotici kuwa-
non L a sanggenon B, C, D a G jako inhibitory proteinu
XIAP. Sanggenony B, C a D neprokazaly zadnou aktivi-
tu, na rozdil od sanggenonu G a kuwanonu L. Kuwanon L
vsak v porovnani se sanggenonem G projevil jen velmi
malou inhibiéni aktivitu, protoZe sanggenon G vzhledem
k vyssi lipofilité¢ postranniho prenylovaného fetézce da-
leko 1épe pickonava biologické membrany, ¢imz efek-
tivné vstupuje do bunck. Aby latka mohla pasobit jako
ligand domény proteinu XIAP, vyzaduje urcitou flexibili-
tu fenylové skupiny (B-kruh) flavonoidniho skeletu, coz
v ptipad¢ sanggenonu B, C, a D neni dodrZeno, protoze
hydroxylova skupina navazana na B-kruhu flavonoidni-
ho skeletu podlehla cyklizaci s C-kruhem*”.

Zavér

Cilem prace bylo vyhledat v dostupné literatute pre-
nylované fenoly s cytotoxickou a antiproliferativni ak-
tivitou izolované z Morus alba a nasledné popsat a vy-
hodnotit souvislosti mezi strukturou téchto latek a jejich
ucinkem.

Z celkového souboru 113 prenylovanych fenoll byla
cytotoxicka aktivita zjisténa u 57 latek, které byly nej-
Castéji izolovany z kofenové kiry moruse bilé. VéEtSina
latek s cytotoxickou aktivitou byla odvozena od preny-
lovanych flavonoida. Substituce fenolického skeletu pre-
nylovanymi postrannimi fetézci zvysuje lipofilitu latky
a udéluje ji silnou afinitu k biologickym membranam,
diky cemuz je latka schopna interagovat s cilovymi pro-
teiny v buiice. Prenylované fenoly indukovaly v bunikach
apoptosu ovliviiovanim exprese proteind z rodiny Bcl-2
nebo aktivovanim klicovych apoptotickych enzyma —
kaspas.

Vysledky studii potvrdily, Ze se vzristajicim poétem
prenylovanych postrannich fetézcti rostla cytotoxicka
aktivita, na kterou mély dale vliv i hydroxylové skupiny
ve specifickych polohach. Ketalové skupiny v kombinaci
s prenylovanymi postrannimi fetézci rovnéz zvysovaly
cytotoxickou aktivitu. Také se ukdzalo, ze latky s preny-
lovou skupinou navazanou na A-kruhu vykazovaly vys-
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§i cytotoxicitu nez latky obsahujici prenylovou skupinu
na B-kruhu nebo C-kruhu. Modifikace prenylovaného
postranniho fetézce, jako je naptiklad hydroxylace, cy-
totoxicitu naopak snizovala. Jakym zplsobem ovliviiuje
cyklizace prenylovaného postranniho fetézce se soused-
nim hydroxylem cytotoxickou aktivitu, zistava nejasné.
V nékterych piipadech cyklizaci prenylové skupiny se
sousednim hydroxylem cytotoxicita rostla, v jinych na-
opak klesala. Geranylované fenoly vykazaly ve studiich
vy$$i cytotoxicitu nez prenylované fenoly, protoze gera-
nylova skupina je vice lipofilni a umoziuje tak efektiv-
néjsi vstup do bunék.

Osm prenylovanych fenoll prokazalo selektivni cyto-
toxicky ucinek vic¢i nadorovym bunikam, pficemz vaci
nenadorovym buikdm nebyly cytotoxické viubec, nebo
byly méné cytotoxické nez k bunikam nadorovym.

Seznam pouzitych zkratek

Akt serin-threoninova kinasa
ATP adenosintrifosfat
BAD Bcl-2-associated death promoter

BAX Bcl-2-associated X protein
Bcl-2 B-cell lymphoma

CDK cyklin-dependentni kinasa
DR5 receptor smrti 5

EGFR epidermalni ristovy faktor

ER endoplazmatické retikulum

ERK extracelularné regulovana kinasa
HIF-1 hypoxii indukovany transkrip¢ni faktor
1C50 stfedni inhibi¢ni koncentrace

LD50 stiedni smrtelna davka

MAPK mitogenem aktivovana proteinkinasa
MMP matrixové metaloproteinasy

NF-«xB jaderny faktor kappa B

NO oxid dusnaty

PINK1 PTEN-indukované kinasy 1

PI3K fosfatidylinositol-3-kinasa

PK pozitivni kontrola

PUMA p53 upregulated modulator of apoptosis

Rb protein retinoblastomovy protein

ROS reaktivni formy kysliku

STAT-3 signalni transduktor a aktivator
transkripce 3

TNF tumor nekrotizujici faktor

TRAIL tumor necrosis factor-related apoptosis-
-inducing ligand

XIAP X-chromosome-linked inhibitor of apo-
ptosis protein

VEGF vaskularni endotelialni ristovy faktor

Seznam zKkratek bunéénych linii

AGS buné¢na linie lidského adenokarcinomu
zaludku

ACHN buné¢na linie lidského renalniho adeno-
karcinomu

AsPC-1 buné¢na linie lidského adenokarcinomu
pankreatu

A-549 bunéc¢na linie lidského nemalobunééného

karcinomu plic

A2780 bunééna linie lidského ovarialniho karci-
nomu

A375.82 bunécéna linie lidského maligniho mela-
nomu

BGC-823 bunééna linie lidského karcinomu zalud-
ku

BPH-1 bunééna linie benigni hyperplazie pro-
staty

BxPc-3 bunééna linie lidského adenokarcinomu
pankreatu

Bl16 bunééna linie mysiho melanomu

Bel 7402 bunééna linie lidského hepatocelularniho
karcinomu

Caco-2 bunééna linie lidského kolorektalniho
adenokarcinomu

Ca922 bunééna linie lidského oralniho skva-
moézniho karcinomu

CEM bunééna linie lidské T-lymfoblastické

leukemie

CEM/ADR 5000 bunééna linie lidské akutni T-lymfob-
lastické leukemie

CCRF-CEM bunééna linie lidské T-lymfoblastické

leukemie

CRL1579 bunééna linie lidského melanomu

C6 bunécéna linie mysiho gliomu

DU-145 bunééna linie lidského karcinomu pro-
staty

dRLh84 bunécéna linie hepatocelularniho karcino-
mu potkana

HCC2998 bunécna linie lidského kolorektalniho
adenokarcinomu

HCT-8 bunécna linie lidského kolorektalniho
adenokarcinomu

HCT116 bunécna linie lidského kolorektalniho
adenokarcinomu

HeLa bunééna linie lidského cervikalniho ade-
nokarcinomu

HepG-2 bunééna linie lidského hepatocelularniho
karcinomu

Hep3B bunééna linie lidského hepatocelularniho
karcinomu

HGF bunécéna linie lidskych gingivalnich fib-
roblastl

HL-60 bunééna linie lidské myeloidni leukemie

HN4 bunééna linie lidského oralniho skva-
mozniho karcinomu

HN12 bunééna linie lidského metastatického
oralniho skvamoézniho karcinomu

HO-8910 bunéc¢na linie lidského ovarialniho karci-
nomu

HSC-2 bunécna linie lidského oralniho skva-
mozniho karcinomu

HSG bunéc¢na linie lidského karcinomu slinné
zlazy

HT-29 bunécna linie lidského kolorektalniho
karcinomu

HUVEC bunécna linie lidskych jaternich bunék

H1299 bunééna linie lidského nemalobunééného

karcinomu plic
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H1975

H22

H292

H41IE

H460

H929

IMR-32
KB

KM12

K562

LAPC-4

LNCaP

LoVo

L-02

MCEF-7

MCF10A

bunééna linie lidského nemalobunééného
karcinomu plic obsahujici dvojitou muta-
ci L858R/T790M

bunééna linie mysiho hepatocelularniho
karcinomu

bunééna linie lidského nemalobunééného
karcinomu plic

bunééna linie hepatocelularniho karcino-
mu potkana

bunééna linie lidského nemalobunééného
karcinomu plic

bunééna linie lidského mnohocetného
myelomu

bunééna linie lidského neuroblastomu
bunééna linie lidského oralniho karci-
nomu

bunééna linie lidského kolorektalniho
adenokarcinomu

bunééna linie lidské erytro-megakaryob-
lastické leukemie

bunééna linie lidského pokrocilého karci-
nomu prostaty

bunééna linie lidského androgen-senzi-
tivniho adenokarcinomu prostaty
bunééna linie lidského kolorektalniho
karcinomu

bunééna linie lidskych endotelialnich bu-
nék pupecnikové vény

bunécéna linie lidského prsniho karcino-
mu

bunécéna linie lidského prsniho epitelu

MDA-MB-157bunééna linie lidského prsniho karci-

MGC803

MIA Paca 2

MKN45

M2182

nomu
MDA-MB-231bunééna linie lidského prsniho karci-
nomu
MDA-MB-453 bunééna linie lidského prsniho karci-
nomu
buné¢na linie lidského karcinomu Za-
ludku
bunééna linie lidského adenokarcinomu
pankreatu
bunééna linie lidského adenokarcinomu
zaludku
bunééna linie lidského karcinomu
prostaty

Molt3

NB-39
NCI-H187

NCI-H460
OVCAR-3

OVCAR-8

PANC-1

PC-3

bunééna linie lidské akutni T-lymfoblas-
tické leukemie

bunééna linie lidského neuroblastomu
bunééna linie lidského malobunééného
karcinomu plic

bunécéna linie lidského karcinomu plic
bunééna linie lidského ovarialniho ade-
nokarcinomu

bunééna linie lidského ovarialniho ade-
nokarcinomu

bunééna linie lidského adenokarcinomu
pankreatu

bunééna linie lidského adenokarcinomu
prostaty

P388 bunécéna linie mysi lymfocytické leuke-
mie

RPMI8226 bunééna linie lidského mnohocetného
myelomu

RAW 264,7  bunééna linie mysi leukemie

SCC2095 bunééna linie lidského oralniho skva-
mozniho karcinomu

SCLC bunééna linie lidského malobunééného
karcinomu plic

SGC-7901 bunééna linie lidského karcinomu Zalud-
ku

SKOV-3 bunééna linie lidského ovarialniho karci-
nomu

SK-Hepl bunééna linie lidského hepatocelularniho
karcinomu

SMMC-7721 bunééna linie lidského hepatocelularniho
karcinomu

SwW48 bunécna linie lidského kolorektalniho
adenokarcinomu

SW480 bunécna linie lidského kolorektalniho
karcinomu

Tca8113 bunéc¢na linie lidského skvamodzniho kar-
cinomu jazyku

THP-1 bunééna linie lidské monocytické leuke-
mie

U266 bunééna linie lidského mnohocetného
myelomu

Vero bunééna linie ledvinnych fibroblastl zis-

kanych z afrického koc¢kodana zeleného

Stret zajmi: zadny.
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Summary

Currently, the method of external ionic gelation for the
preparation of alginate particles is successfully used not
only in the field of pharmacy and medicine, but also
especially in the field of biotechnology. Therefore, the
preparation of alginate particles and their subsequent
evaluation using principal component analysis was the
key task of our experiment. To optimize this method, we
focused on the evaluation of the effect of formulation
(the polymer concentration, the hardening solution
concentration) and process parameters (the outer diameter
of the injection needle) on the properties of the resulting
beads (yield, sphericity factor, equivalent diameter and
swelling capacity at pH 6). Using multivariate data
analysis, the major influence on the resulting properties
of the prepared particles was confirmed only in sodium
alginate concentration. Obtained results verified the
reliable and safe potential of the external ionic gelation
for preparation alginate-based particulate dosage forms.
Klicova slova: hydrogelové castice * vnéjsi iontova
gelace ¢ natrium-alginat « méd’naté ionty ¢ hodnoceni
casticové 1ékové formy * analyza hlavnich komponent

Souhrn

V souéasné dobé je metoda vngjsi iontové gelace
v pripravé alginatovych Castic s Gispéchem pouzivana
nejen na poli farmacie a mediciny, ale zejména v oblasti
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biotechnologie. Proto byla pfiprava alginatovych ¢astic
a jejich nasledné hodnoceni pomoci analyzy hlavnich
komponent stézejnim cilem naseho experimentu. Kvuli
optimalizaci této metody jsme se zaméfili na hodnoce-
ni vlivu riznych formula¢nich (koncentrace polymeru,
koncentrace tvrdiciho roztoku) a procesnich parametrii
(velikost vnéjsiho primeéru injekeni jehly) na vlastnos-
ti vzniklych castic (vytézek, sféricita, ekvivalentni pra-
mér a bobtnavost pii pH 6). Metodou analyzy hlavnich
komponent byl zasadni vliv na vysledné vlastnosti algi-
natovych ¢astic potvrzen pouze u koncentrace natrium-
-alginatu. Tyto vysledky potvrdily spolehlivy a bezpec-
lékové formy na bazi alginatu.

Key words: hydrogel particles ¢ external ionic gelation *
sodium alginate * copper ions * evaluation of the particu-
late dosage form ¢ principal component analysis

Introduction

External ionic gelation method is a widely employed
technique for the formation of hydrogel beads. It belongs
among promising tools in the development of novel bio-
compatible sustained and targeted controlled drug deliv-
ery systems, mainly due to its indisputable advantages,
such as nontoxic process without using organic solvents,
convenient and controllable procedure?. This technique
is based on the cross-linking tendency of polyelectrolytes
in the presence of polyvalent ions to form hydrogels® ¥,
when physical (electrostatic) forces between the poly-
electrolyte and the present polyvalent ions are formed®.

During external ionic gelation, the polymer solution is
extruded as drops into a hardening bath containing poly-
valent ions, which immediately diffuse inward into the
interstitial spaces between the alginate polymer chains
to initiate cross-linking at the periphery of the poly-
mer drop. A semisolid membrane encasing the drop is
formed®. Subsequent leaving of the drops in the harden-
ing solution for a certain time period allows further dif-
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fusion of ions across the membrane via a concentration
gradient. After saturation of available binding sites, re-
sulting beads are formed as three dimensional, water-in-
soluble gel network” ¥, with a higher concentration of
ions at the periphery compared to the centre of the gel”.

The type and molecular weight of the polymer, sur-
face tension and viscosity of the polymer solution, the
type and concentration of the hardening solution (as
formulation parameters) as well as temperature, hard-
ening time, stirring intensity, the diameter of the drip
device (as process parameters), all affect the resulting
particle structure and their properties'® 'V,

Alginates as naturally occurring anionic polyelec-
trolytes belong among the most commonly used poly-
mers in the formation of hydrogel beads by external
ionic gelation, especially due to their biocompatibility,
biodegradability, low toxicity, vast availability, rela-
tively low cost, and mild gelation'> '¥. Commercially
available alginates are typically extracted from brown
seaweed (Phacophyceae), including species Laminar-
ia, Ascophyllum and Macrocystis. Bacterial alginates
can be produced from Azotobacter and Pseudomonas
species but these extraction methods are not economi-
cally viable for commercial applications'* !9,

Chemically, alginates are a family of linear unbranched
polysaccharides which contain varying amounts of
1,4'-linked B-D-mannuronic acid (M) and a-L-guluronic
acid (G) residues. The residues may vary widely in com-
position and sequence and are arranged in a pattern of
blocks along the chain as homogenous (poly-G, poly-M)
or heterogeneous (MG) block-like patterns'®'”. The M/G
ratio is a critical factor affecting the physical properties
of the alginate and its resulting hydrogels'?. The affinity
of different block structures of the alginate to polyvalent
ions increases in the order of Mg?* << Mn?" < Zn* < Ca?
< Sr** < Ba?" < Cu*" < Pb* ions'®2", In general, it can be
said that divalent cations preferentially bind toward the
G-block rather than the M-block”?». However, in a more
detailed study by Merch et al. it has been found that Sr**
ions are preferentially bound to the G-units, Ba®* ions are
bound to G- and M-blocks and Ca** are bound to G- and
MG-blocks'.

The binding properties of the Cu®* ions used in our
study have been extensively investigated by researchers
Lu et al. They have determined that no preference be-
tween M/G units exists in the formation of Cu?* com-
plexes with the alginate®. Moreover, the copper-alginate
affinity is so strong that the outermost part of the beads
is strongly complexed and the created outercoat partial-
ly prevents further diffusion of the Cu** ions toward the
beads centre. Copper beads so develop a dense outer lay-
er and they seem to lack Cu?* ions in the centre* 2.

The gel-forming property of sodium alginate, as well
as its apparent biocompatibility'*29, leads to an increased
use in the medical, pharmaceutical and biotechnology in-
dustries. The alginate is employed for applications such
as wound dressings®”, gel matrix to encapsulate and to
control the release of drugs including protein-based sub-
stances or as matrices for tissue engineering'? 1426 28.29),

The method of external ion gelation, especially
when using polyvalent ions with antimicrobial and/
or antiviral activity, provides a unique possibili-
ty to prepare a medical form with a biological ac-
tivity without the need of drug encapsulation®”. For
instance, antimicrobial effects of copper have been
known and used by humans since ancient times*".
Therefore, its entrapment in the alginate network can
provide a simple and effective way of treatment of
vaginal or eye infections®?.

The main objective of the presented study was to ob-
serve and evaluate the effect of several process and for-
mulation parameters on the technological properties of
Cu**/alginate particles prepared by the ion external ge-
lation method. An influence of needle diameter, polymer
concentration and hardening solution concentration on
the main important characteristics of prepared particles
such as the yield, sphericity, equivalent diameter, swe-
lling capacity were measured and investigated by princi-
pal component analysis.

Experimental part

Materials

Sodium alginate — SA (Sigma Aldrich, St. Louis, USA)
served as the polymer for the particle preparation, copper
(IT) chloride (Sigma Aldrich, St. Louis, USA) was used
as the gelation agent. Sodium hydroxide and potassium
dihydrogen phosphate (both Dr. Kulich Pharma, Hradec
Kralové, Czech Republic) were used for the formation of
pH 6.0 phosphate buffer. All materials were of Ph. Eur.
quality.

Microparticle preparation

Beads were prepared by the external ionic gelation
method. For each sample 100 g of sodium alginate solu-
tion (3% or 4%) was filled in a syringe with an appropri-
ate needle (diameter 0.5, 0.7 or 0.9 mm) and they were
added dropwise, using a linear dispenser pump NE-1000
(New Era Pump System, Farmingdale, NY, USA), to
a hardening solution of copper (II) chloride (0.5M or 1M
concentration) in Petri dishes, which were placed on a ro-
tating pad to prevent deformation of the beads by con-
stantly dripping to the same place. Here the crosslinking
and hardening process took place. The injection needle
tip distance from the surface of the curing solution was
approximately 10 cm. Hardening time was 60 minutes.
Thereafter, formed beads were washed with purified wa-
ter, collected by filtration and then dried in a cabinet drier
(HORO-048B, Dr. Hofmann GmbH, Ostfildern, Germa-
ny) for 12 hours at 25 °C. Samples were named accord-
ingly to the parameter values used for their preparation
(see Table 1).

Microparticle characteristics
Yield

Effectiveness of the process was evaluated by yield.
Dried samples were weighed on an analytical scales
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KERN 440-47N (KERN & SohnGmbH, Balingen, Ger-
many). The yield was expressed as the weight of dry
beads in grams obtained by dropping of 100 g of polymer
solution (g/100 g).

Optical microscopy

To determine the morphology of the prepared beads,
a sterecoscopic microscope Nikon SMZ 1500 (Nikon,
Tokyo, Japan) with a photo camera TV Lens 0.55xDS
(Nikon, Tokyo, Japan) was employed. Beads were
observed by a 0.75 objective. For each sample 200
random particles were measured using the threshold
method in software NIS-Elements 4.00.06 (Nikon, To-
kyo, Japan). The evaluated morphological properties
included the sphericity factor (SF)*:

4mA
SF = p_2 [1]
where A is a particle area in mm? and p is perimeter
in mm. Another determined property was the equiva-
lent diameter (ED), which gives the diameter of a circle
which has the same area as the observed object®?:

4. A
— [mm] 2]

T

ED =

ED and SF were calculated from the measured values
and expressed as the arithmetic mean and standard devi-
ation.

Swelling capacity

Swelling capacity (Sg,) belongs among physical
factors which may influence mucoadhesivity and
drug release from dosage forms*). Every sample was

tested for swelling capacity in pH 6.0 phosphate buf-
fer. 100 mg of particles were placed into small pre-
weighed metal baskets and then immersed into the
buffer. In pre-determined intervals (30 minutes, 1, 2,
3, 4, 5 and 6 hours), baskets were picked up, prop-
erly dried from the outside and weighed on analyt-
ical scales. Each sample was measured in triplicate.
Swelling capacity was calculated from the following
equation®:

Wt-Wo £ 100[%] [3]

Ssw =

where Wt is the weight of beads in grams at the respec-
tive time interval, Wo is the weight of beads in grams
before the first immersion.

Data analysis

The primary goal of the data analysis was a study of
the dependencies between formulation/process param-
eters and Cu?*/alginate particles properties. In order to
determine statistical significance of these effects, the
data were evaluated by means of analysis of variance
(ANOVA) and for a better dependency visualization,
the data were subsequently subjected to the principal
component analysis (PCA). The p-values obtained by
ANOVA are given in the parentheses for the discussed
characteristics in the section Results and discussion,
but only in the cases where statistical significance was
confirmed (p < 0.05). The resulting PCA model was
built based on the variables: yield, sphericity, equiva-
lent diameter and swelling capacity at 6 h. The swelling
capacities at all-time points were highly correlated, so
redundant variables were excluded from the calcula-
tions. Data analysis was performed by means of the R
software, version 3.4.4.39,

Table 1. Designation of bead samples and variables used during their preparation

Sample Needle diameter (mm) SA concentration (%) Cc(())ll)n Ei;g?&?:?;ge
5-A3-Cu0.5 0.5 3 0.5
5-A3-Cul.0 0.5 3 1.0
5-A4-Cu0.5 0.5 4 0.5
5-A4-Cul.0 0.5 4 1.0
7-A3-Cu0.5 0.7 3 0.5
7-A3-Cul.0 0.7 3 1.0
7-A4-Cu0.5 0.7 4 0.5
7-A4-Cul.0 0.7 4 1.0
9-A3-Cu0.5 0.9 3 0.5
9-A3-Cul.0 0.9 3 1.0
9-A4-Cu0.5 0.9 4 0.5
9-A4-Cul.0 0.9 4 1.0
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Results and discussion
Influence of needle diameter

Effect on yield

Influence of the needle diameter on the sample yields
is displayed in Table 2. The sample yields prepared
using 0.5 mm, 0.7 mm and 0.9 mm injection needles
were in the range from 3.443 to 4.814 g/100 g, 3.184 to
4.386 g/100 g and 3.398 to 4.609 g/100 g, respectively.
No dependence between the yield and the outside diame-
ter of the used needle was found.

Effect on sphericity

Many studies have confirmed an impact of the needle
size on the beads sphericity, specifically, that smaller and
more spherical particles are formed using a smaller diam-
eter syringe'" %3, However, the aforementioned depen-
dence has not been verified by our investigation, but the
appropriate sphericity of all samples with minimal differ-
ences has been shown. The highest sphericity (0.966 +
0.02) was shown in sample 5-A4-Cu0.5. The order of the
rest of the samples was as follows: 7-A4-Cul.0, 5-A4-
-Cul.0, 9-A4-Cu0.5 and 7-A4-Cu0.5 with the sphericity
values of 0.960 + 0.02, 0.958 + 0.03, 0.955 + 0.04 and
0.953 + 0.04, respectively (see Table 2).

Effect on equivalent diameter

The beads prepared using a 0.5 mm diameter needle
showed the smallest equivalent diameter, namely sam-
ples 5-A3-Cu0.5 and 5-A3-Cul.0 (974 + 44 pum, 995 +
48 um). Conversely, the largest particles were prepared
using a 0.9 mm needle, namely samples 9-A4-Cu0.5,
9-A4-Cul.0 (1227 + 32 um, 1205 £+ 61 pum). These re-
sults showed a slight increase in particle size, depending
on the needle diameter (p < 0.001). However, A3-Cu0.5

Table 2. Yield, sphericity factor and equivalent diameter results

sample was an exception. This sample prepared with the
use of a 0.9 mm needle (1013 + 43 um) provided smaller
beads than with the use of 0.7 mm needle (1055 £+ 29 um)
(Table 2) which could be caused by some random influ-
ences, such as human factor failure. The theories!'!37-3%40
about the dependence of the size syringe tip diameter
on the drop size formation and subsequently on the
size of the resulting beads have not been thus fully
confirmed.

Effect on swelling capacity

The beads dripped through a 0.5 mm injection syringe
had the swelling capacity in the range of 76—130% after
30 minutes and 107-159% after 1 hour. The swelling of
the samples obtained with a 0.7 mm injection needle was
in the range of 38—151% (after 30 minutes) and 59 to
165% (after 1 hour). Swelling capacity of the samples
prepared by using a 0.9 mm outer diameter injection nee-
dle ranged from 89 to 125% after 30 minutes, and 104
to 138% after 1 hour. Within next 5 hours, the swelling
capacity increased, but significantly less, only about
20-30% (see Figs. 1, 2). No correlation between the outer
diameter of the injection needle and the swelling of indi-
vidual samples has been found.

Influence of sodium alginate concentration

Effect on yield

The yields of beads prepared using 3% and 4% SA
solutions were in the range from 3.184-3.820 g/100 g
and 4.290-4.814 g/100 g. When comparing the corre-
sponding samples in Table 2 (samples prepared using the
same hardening solution concentration and the same size
of needle diameter), it is obvious that the yields of in-
dividual samples statistically significantly depended on
the SA concentration (p < 0.001). Specifically, the higher

Sample Yield (g/100 g) Sphericity (%) Equivalent diameter (pum)
5-A3-Cu0.5 3.443 0.930 £ 0.06 974 £ 44
5-A3-Cul.0 3.820 0.917 £0.06 995 + 48
5-A4-Cu0.5 4.290 0.966 £ 0.02 1099 + 41
5-A4-Cul.0 4.814 0.958 £0.03 1139+ 51
7-A3-Cu0.5 3.184 0.934 +0.05 1055 +£29
7-A3-Cul.0 3.212 0.927 +0.04 1058 £ 49
7-A4-Cu0.5 4.380 0.953 +0.04 1192 +30
7-A4-Cul.0 4.386 0.960 +0.02 1175+ 38
9-A3-Cu0.5 3.398 0.918 +£0.06 1013 £43
9-A3-Cul.0 3.722 0.936 +0.06 1075 + 40
9-A4-Cu0.5 4.536 0.955+0.04 1227 £ 32
9-A4-Cul.0 4.609 0.939 +0.04 1205 £ 61
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Fig. 1. The swelling profiles of 3% Cu’*/alginate particles in phosphate buffer pH = 6.0
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Fig. 2. The swelling profiles of 4% Cu’*/alginate particles in phosphate buffer pH = 6.0

yields were achieved using more concentrated solution
of alginates, which is consistent with the experimental
study of Aswathy et al.*). The explanation could be seen
in a higher number of binding sites for crosslinking by
polyvalent ions in the higher-concentrated SA solution
resulting in an increase in the process yield.

Effect on sphericity

The SA concentration exhibited a major influence on
the sphericity of all samples (p <0.001). All 4% samples
showed higher sphericity values than the 3% samples (see
Table 2). Our investigation has confirmed the theories of
many researchers** *¥ about an increase in bead spheric-
ity in dependence on rising polymer solution concentra-
tions. At a low SA concentration, the particles are formed
of a loose networks structure which may collapse during
drying. On the other hand, a higher SA concentration cre-

ates a denser matrix structure which prevents collapse of
the beads*>*¥ and the resulting beads are more spherical.
In addition, when the alginate liquid drop hits and enters
the hardening bath, there are competing forces between
the viscous surface tension forces and impact-drag forces
to maintain the drop shape. However, the viscosity of the
low-concentration SA solutions is not sufficient to cope
with impact, resulting in bead deformation*®.

Effect on equivalent diameter

Equivalent diameter of beads was in the range of 974
+ 44 um (5-A3-Cu0.5) to 1075 + 40 pum (9-A3-Cul.0)
for 3% SA samples and between 1099 + 41 um (5-A4-
-Cu0.5) and 1227 + 32 pm (9-A4-Cu0.5) for 4% sam-
ples (see Table 2). Overall, in samples prepared with the
same needle outer diameter, our results showed that all
samples prepared from the 4% SA solution were larger
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in size compared to the 3% solution (p < 0.001). This
could be attributed to an increase in relative viscosity at
higher concentration of SA and formation of large drop-
lets during dripping of polymer solution to the hardening
bath?2 43 46-48)

Effect on swelling capacity

The rate of swelling capacity was not dependent on
the polymer concentration used. The swelling capacity
was found to be the highest during the first hour, with
the minimum value for the sample 7-A3-Cu0.5 (60%)
and the maximum one for the sample 7-A4-Cul.0
(168%). Consequently, during the next five hours, the
swelling capacity changed less significantly, the batch
7-A3-Cu0.5 swelled up to 79% and the batch 7-A4-
Cul.0 up to 192% (see Figs. 1, 2). Our research did
not confirm the findings reported by the majority of
investigators about the dependence of the swelling ex-
tent on the SA concentration, which demonstrated that
the beads prepared using the 4% SA polymeric solution
exhibited a slower swelling rate than the more porous
beads prepared with low-concentration 3% SA solu-
tion** 47439 Qur results, indicating statistical insigni-
ficancy, were probably due to the unequal drying of the
extracted baskets from the phosphate buffer during the
test performance.

Influence of hardening solution concentration

Effect on yield

In samples prepared from the 3% SA solution and
0.5M hardening solutions, the yields took values from
3.184 to 3.433 g/100 g and in samples cross-linked with
IM hardening solution the values ranged from 3.212 to
3.820 g/100 g. Likewise, in the 4% samples cross-linked
by 1M solution, the yield was slightly higher (see Table 2).
Based on our experiment, it can be said that the yield of the
samples increased with increasing concentrations of the
hardening solution, but with no statistical insignificance.
An explanation could be the following one: using a lar-
ger amount of Cu** ions provides a possibility of creating
more electrostatic bonds within the crosslinking of the
alginate polymer chains. Ultimately, there is a smaller
loss of alginate within external ionic gelation process.

Effect on sphericity

In our experiment, the beads sphericity dependence on
the concentration of the hardening solution has not been
demonstrated. The sphericity factor randomly grew and
fell with increasing concentration of the hardening so-
lution (see Table 2). Our results do not correspond with
many other studies, which has confirmed the tendency
to creation of the more spherical particles with their uni-
form size depending on the rising concentration of har-
dening solution*?.

Effect on equivalent diameter
Based on previous researches*®*), we expected that an
increase in cross-linking ion concentration would signi-

ficantly affect the mean diameter of the beads. However,
our results were as follows: for the beads prepared from
the 3% SA solution (using diameter needles of 0.5, 0.7
and 0.9 mm) and for the beads from 4% SA (using only
a 0.5 mm needle), the equivalent diameter was smaller
when the 0.5M hardening solution was used. Conversely,
the beads prepared from 4% SA (using a 0.7 and 0.9 mm
needle), the equivalent diameter was lower when we used
the 1M hardening solution (see Table 2). An impact of
hardening solution concentration on the beads equivalent
diameter was confirmed (p < 0.001).

Effect on swelling capacity

The dependence of the swelling rate on the concentra-
tion of the hardening solution has not been demonstra-
ted. The results within the corresponding samples were
discrepant. Samples from 3% SA prepared using 0.5 mm
and 0.7 mm diameter needles showed a higher swelling
capacity when the beads were cross-linked by 1M solu-
tion CuCl,. 3% SA samples prepared with a 0.9 mm
needle showed higher swelling when the 0.5M hardening
solution was used for crosslinking. The samples from 4%
SA exhibited similar behavior (see Figs. 1, 2). Despite
the research which showed that the swelling capacity
decreased with an increase in divalent ions concentrati-
on, dependence of swelling capacity on the crosslinking
ion concentration has not confirmed in our study*?.

Multivariate data analysis

Forabetterrepresentationoftherelationshipsbetweenthe
variables (formulation/process parameters)themselves
and between the variables and objects (Cu?*/alginate par-
ticles properties), the PCA method was employed. Gra-
phical representation is provided by the PCA loadings
plot (Fig. 3), which displays the correlation structure of
variables, and the PCA scores plot (Fig. 4), which dis-
plays the layout of objects. In the loadings plot, original
variables are depicted as arrows in the ordination space
of the first two principal components (PCs), their lengths
are directly proportional to the explained variability and
the amount of correlation can be interpreted based on the
angle between any two arrows. In the scores plot, the
samples with similar characteristics are closely spaced,
while different samples are far apart from each other.

In the resulting model, the first two PCs explained
90.2% of variability, which is a sufficient amount to pro-
vide a reliable data interpretation (52). The relatively
high positive correlation of equivalent diameter, spheri-
city and yields is obvious in the PCA loadings plot. These
variables also correlated with the PC1. Swelling capacity
at the time point 6 h was more associated with the PC2.
In the PCA scores plot, the samples distribution along the
PC1 is evident, clustering into two groups is based on
SA concentration, which is also highlighted in the graph.
When comparing the PCA graphical outputs (Figs. 3 and
4), it can be summarized that samples with a higher SA
concentration exhibited a higher equivalent diameter, as
well as higher sphericity and yield. Within both groups
(A3 and A4), the samples differed mainly on the basis of
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swelling capacity, but without apparent statistical rela-
tionships with other variables. So the effects of varying
needle diameter in conjunction with hardening solution
concentration on the resulting particles properties cannot
be unambiguously discussed.

Conclusion

The external ionic gelation resulted in the formation of
all Cu*"/alginate particle samples with satisfactory pro-
perties. Their morphological parameters (ED, SF) as well
as the enormous ability to swell in the environment of
pH 6 were convenient, without a significant influence of
most of our tested parameters. Based on multivariate data
analysis results, it can be concluded that SA concentra-
tion was the only factor which fundamentally influenced
the resulting properties of the prepared Cu?'/alginate par-

ticle. Therefore, our results have confirmed external ionic
gelation as a safe, reliable and robust method for Cu?*/
alginate beads. Despite a relatively wide variability of
the input parameters, it resulted in the creation of beads
with well-defined characteristics with a potential use for
a development of a convenient particulate dosage form
suitable either for drug encapsulation or for its own use
due to the antimicrobial effect of copper.
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Summary

Medicines for self-medication (over-the-counter, OTC)
are available through pharmacies, in some countries they
are also available in supermarkets and other outlets. The
use of OTC in European Union countries shows some
differences at national level, in pharmacies and in patients’
preference. This study aimed to completing the lists of
marketed OTC in Czech Republic and Greece. Next
topics are: finding out the real range of OTC products
offered by pharmacies, finding and evaluating number
of packages sold in pharmacies in 20 particular common
OTC in 2016, and indentification of factors influencing
the sales. Web pages of national drug authorities (Czech
Republic, Greece) were searched to complete lists of
marketed OTC in each country. Data on range of OTC
drugs and sales of them were extracted from computer
systems (Czech Republic) and other types of documents
(Greece) kept in pharmacies. The percentage of the real
range of OTC products in pharmacies was calculated as
the ratio to the number of OTC in national lists. Numbers
of sold packages were compared among pharmacies.
Classification system ATC (anatomical/therapeutical/
chemical) was employed to present findings in all parts of
the research. The Czech list contained 1,160 of marketed
OTC in 10 ATC (1* level), with the maximum in ATC
R (243 drugs). The Greek list contained 1,254 OTC in
13 ATC (1% level), with the maximum in ATC D (272 drugs).
In lists of both countries, there were detected 86 drugs
identical in 9 ATC (1% level). At least one OTC in each of
10 listed ATC was found in Czech pharmacies as
a part of range of products, the range of OTC in
Greek pharmacies comprised 11 ATC. The highest
sales (year 2016) were found in ATC R (drug ACC
long tbl eff) in CR and in ATC A (drug: Imodium
cps) in Greece. The differences in the range of
OTC drugs and in their sales were found between
Czech Republic and Greece, and between types of
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pharmacies inside each country. Factors influencing
them were detected: ownership of the pharmacy,
locality (number of inhabitants).

Key words: OTC drugs * pharmacy * Czech Republic *
Greece

Souhrn

Léciva pro samoléceni (OTC ptipravky) jsou dostupné
v 1ékarnach, v nékterych zemich jsou k dispozici rovnéz
v supermarketech a na dal§ich mistech. Problematika
OTC ptipravkd v zemich Evropské unie vykazuje n¢které
odlisnosti na narodni tirovni, v 1ékarnach i v preferencich
pacientt. Tato studie ma za cil sestavit seznamy obcho-
dovanych OTC piipravki v Ceské republice a v Rec-
ku. DalSimi tématy jsou: zjisténi skute¢ného spektra
OTC Iéciv nabizenych v lékarnach, vyhodnoceni poctu
prodanych baleni vybranych 20 béznych OTC Iéciv za
rok 2016 a identifikace faktord ovliviiujicich prodej OTC
pripravki. Webové stranky narodnich 1ékovych agentur
(Ceska republika, Recko) byly pouzity pro sestaveni
seznamil obchodovanych OTC piipravki v obou zemich.
Udaje o spektru OTC v lékarnach a jejich prodejich
byly ziskany z 1ékarenského software (v CR) a z jinych
typti dokumenti uchovavanych v 1ékarné (v Recku).
Byl vypocitan podil nalezeného spektra OTC v jednot-
livych 1ékarnach vzhledem poctu OTC v narodnich se-
znamech. Byly porovnany pocty prodanych baleni. Ve
vSech ¢astech prace byla pro prezentaci vysledkii pou-
zita ATC (anatomicko/terapeuticko/chemicka) klasifika-
ce 1é¢iv. Cesky seznam obsahoval 1160 obchodovanych
OTC piipravkl nalezejicich do 10 ATC skupin (prvni
tiroveii), s maximem v ATC R (243 piipravkii). Recky
seznam obsahoval 1254 obchodovanych OTC ptipravka
nalezejicich do 13 ATC skupin, s maximem v ATC D
(272 ptipravkl). Bylo identifikovano 86 totoznych pii-
pravkd v seznamech obou zemi, nalezejicich do 9 ATC
skupin (prvni roven). V nabidce OTC v ceskych lé-
karnach se vyskytoval alespon jeden pfipravek z kazdé
z deseti identifikovanych ATC skupin, v nabidce feckych
lékaren byly zahrnuty OTC pfipravky z 11 ATC sku-
pin. Nejvyssi prodeje (v roce 2016) byly zjistény v CR
v ATC skupin& R (pFipravek ACC long tbl eff) a v Recku
v ATC A (ptipravek Imodium cps). Byly nalezeny rozdi-
ly v nabidce OTC ptipravki v 1ékarnach a v jejich pro-
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dejich, a to jak mezi Ceskou republikou a Reckem, tak
mezi jednotlivymi typy 1ékaren uvnit kazdé zemée. Jako
faktory téchto rozdild byly identifikovany: vlastnictvi
Iékarny, lokalita (pocet obyvatel).

Kli¢ova slova: OTC 1é¢iva « 1ékarna » Ceské republika
* Recko

Introduction

Medicines for self-medication are often called
,honprescription® or ,,over-the-counter® (OTC) and
are available through pharmacies. In some countries
OTC products are also available in supermarkets and
other outlets. Responsible self-medication has been
identified as an important element in long-term he-
alth policy by the institutions of the European Com-
munity". Research shows that 81 percent of adults
use OTC medicines as a first response to minor ail-
ments?.

Harmonization between countries’ regulatory agen-
cies is a positive development®. Even if a specific direc-
tive® has been approved, the situation of self-medicati-
on products in European Union (EU) countries is still
far from being harmonized®. The final EU Medicines
Agencies Network Strategy 2020 emphasises that this
strategy has a key role in improving patients access to
well-established medicines including the nonprescrip-
tion ones. Multi Annual Work Plan (MAWP) incorpo-
rates the same objective: enhancement and improve-
ment of existing tools such as the mutual recognition/
decentralized procedures (MRC/DCP) and achievement
of agreements on common criteria for the authorisati-
on of OTC products. It recommends to explore ways
how to facilitate the greater number of product swit-
ches which should result in improving the availability
of nonprescriptoin medicines through simplified regu-
latory reqiurements®. It is often expected that through
deregulation in the community pharmacy sector the
prices of OTC medicines will go down. In reality these
expectations could not be fully met. Deregulation has
led to the opening of new pharmacies and of OTC dis-
pensaries, since OTC sale outside pharmacies is usually
permitted”.

Situation in Czech Republic

Though one of the smallest markets, the Czech Republic
has a strict control of a drug on its launch and a rigorous
system of drug registration®. Any proprietary medici-
nal product is subject to marketing authorisation prior to
its placement on the market in the Czech Republic. The
marketing authorisation procedure is the responsibility of
State Institute for Drug Control and it includes an asses-
sment of a dossier, in which the future marketing authoris-
ation holder evidences the safety, efficacy, and quality of
the product®. Patients can have access to a small amount of
OTC drugs subcategory ,,selected drugs™ in many points
except pharmacies'”. Spending on retail pharmaceuticals
as a share of GDP (2013): total 1.3%, private 0.5%'". The

expenditure per capita (2015): 404 USD'?, OTC 83 USD
(2013)'Y, OTC share in total pharmaceutical market not
listed in'?, estimation: nearly 5%.

Situation in Greece

Accessing the market requires manufacturers to obtain
necessary approvals from The National Organization for
Medicines (EOF), an entity of Ministry of Health and
Social Solidarity. Right from informing the EOF, manu-
facturers might have to cope with other complex Regu-
latory procedures for registrations and licensing'. Price
liberalization and market opening (since 2016) allows for
the ability of Greek consumers to buy more OTC pro-
ducts while creating increased competition from new
outlets will press prices down. Negotiations are currently
taking place regarding the sale of OTC via channels (i.e.
supermarkets) other than just pharmacies'¥. The main
aim of the reform is to provide to patients all necessary
knowledge, advice and convenience in order to be health-
ier, by choosing the ideal drug for their condition. A base
alignment and agreement between the state, the industry
and the pharmacy with the patient in the core will create
a huge evolution with increasing satisfaction for con-
sumers'>. OTC that can be bought outside the pharma-
cies as well create the subcategory ,,drugs for general
distribution® 1619,

Spending on retail pharmaceuticals as a share of GDP
(2013): total 2.8%, private 0.9%'D, per capita (2015):
572 USD'"?, OTC share in total pharmaceutical market
5%".

Adpvertising of OTC medicines is allowed in many
countries in EU, including both CR'” and Greece!'”.

The aim of this study was to complete the list of all
marketed OTC in Czech Republic and Greece, to com-
pare them, to ascertain the real range of OTC drugs of-
fered by selected pharmacies (3 in each country) and to
analyse the sales of twenty chosen OTC in these pharma-
cies in one-year period (2016).

Experimental part

Methodology

OTC marketed in CR and Greece were the subject
of this research. This group presents the sub-group of
authorized OTC, and the drug was included in the list
of marketed OTC if it was really marketed by wholesa-
lers and pharmacies. Analysis of national lists of OTC in
CR?” and Greece?"?» was the first step of the research.
Drugs marketed in 2016 were sorted using the ATC (ana-
tomical/therapeutical/chemical) system (5% level) and the
identical drugs (the same name, dosage form, strength
and size of package) were identified comparing both lists.
Six pharmacies (3 in each country) were chosen to take
part in data gathering. Different types of ownership and
different localities were the parameters for the selection
(Table 1). Finding out the range of marketed OTC drugs
in pharmacies followed. The range of OTC is the aggre-
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gate of particular drugs that used to be in the stock of the
pharmacy, it means they have been at least once ordered
by the pharmacy, regardless of their real presence in the
stock of the pharmacy in the moment of researching. To
complete the range of products, the documentation of
stocking drugs in chosen pharmacies was analysed in the
end of 2016. There are substantial differences between
CR and Greece in the methods of stock inventory — the
Czech ones are more complex due to use of sofisticated
computer systems. Authors performed the search under
the supervision of the head of the pharmacy. Documents
in Greek pharmacies showed the large variety and lack
of uniformity, using different kinds of software to keep
records of various structure and content. The cooperation
of the pharmacist with the researcher was necessary to
find corresponding data. The ratio between the real range
of OTC found in pharmacies and the total number of
marketed OTC included in national lists was calculated
in ATC groups (1% level) in both countries and expressed
in percentage. Finally, analysing the sales of 20 particu-
lar common OTC in chosen pharmacies was performed
(January 1, 2016 — December 31, 2016). The sample of
OTC was based on 18 OTC identified as identical in both
countries, the next two were of different size of package
comparing CR and Greece (Table 4). Basic condition for
the choice was the presence of the drug in the range of
OTC products in pharmacies. The next condition was
to include maximal number of ATC groups — eight ATC

groups (1* level) from the nine ones found in the group
of identical OTC can be found in the sample. Completing
this part of research was finished in spring 2017.
Pharmacy 1. (CR) was owned by corporation, it was the
only one run by this legal body, pharmacy III. (CR) was
a member of the chain operating several hundreds phar-
macies. The number of inhabitants in the city where the
chain pharmacy was established is not mentioned because
all pharmacies of the chain have the same business strate-
gy and the range of OTC products is quite the same in all
of them, not dependent on the population. All communi-
ty pharmacies were owned exclusively by pharmacist in
Greece in the time of research. The influence of pharma-
cys’ characteristics on the range of OTC drugs and on the
number of sold packages is mentioned in discussion.

Results

ATC with no OTC in both countries are not included
in Figure 1.

The list of OTC chosen for sales evaluation was com-
pleted by the column ,,number of OTC in national list
ATC (5™ level)* in order to be able to assess the infuence
of other OTC drugs with the same active substance on
the patients’ choice and on the sale of the particular drug
included in analysis. The data in columns (CR, Greece)
present the number of marketed OTC in the same ATC
(5" level) (Table 4).
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Fig. 1. Number of marketed OTC medicines in ATC: comparing CR and Greece
Table 1. Description of pharmacies that took part in the research
CR Greece
Pharmacy I Pharmacy 11 Pharmacy 111 Pharmacy I Pharmacy I1 Pharmacy I1I
Locality Big city Town City Big city Town Village
Inhabitants 500,000 2,000 - 3,500,000 20,000 1,000
Owner/type corporation pharmacist chain pharmacist pharmacist pharmacist
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Table 2. Identical OTC-ATC classification

Number of | & er of identical Number of identical OTC in particular ATC (1* level)
Country marketed OTC OTC
in national list Al B C| D G| H LI M| Nl P/ R| S|V
CR 1,160
86 18] 1 116 2| 0| 0| 6| 14| 0] 26| 2| O
Greece 1,254

Table 3. Comparing the range of OTC products in pharmacies with the number of marketed OTC in CR and Greece

CR Greece
range of products as a share of the list of marketed range of products as a share of the list of marketed
OTC oTC
ATC Pharmacy I Pharmacy II Pharmacy IIT Pharmacy I Pharmacy II Pharmacy IIT
A 27.27% 57.14% 44.58% 32.11% 16.97% 19.72%
B 50.00% 83.33% 100.00% 16.67% 16.67% 16.67%
C 42.85% 82.14% 71.43% 41.27% 12.70% 17.46%
D 31.71% 60.98% 46.34% 47.43% 28.68% 33.09%
G 43.24% 56.76% 54.05% 5.00% 8.00% 5.00%
H * * 0.00% 0.00% 0.00%
L * * 50.00% 50.00% 50.00%
M 25.35% 50.70% 47.89% 44.74% 25.26% 33.68%
N 23.88% 50.00% 54.48% 46.32% 33.09% 32.35%
P * * 50.00% 50.00% 50.00%
R 35.80% 56.38% 59.26% 55.02% 36.51% 43.39%
S 45.00% 75.00% 35.00% 27.12% 22.03% 25.42%
\Y% 8.16% 39.80% 15.82% 0.00% 0.00% 0.00%
Total 26.98% 53.88% 45.60% 40.03% 24.72% 28.55%

(*) no marketed OTC in the ATC group in the national list, 0.00% means that there was at least one markted OTC in the national
list in the particular ATC group, but none was found in the range of products in the particular pharmacy. ,,Total* means the

percentage of the complete range of products in the pharmacy expressed as a share of the national list of marketed OTC.

Table 4. List of OTC chosen for analysis of sales in the pharmacies (CR, Greece)

Number of
th
Cod N el b Size of N . ATC 5" [ OTC in national
ode ame o osage ame o
D F g Strenght _— level list (ATC 5*
ru orm ubstance
g Package level)

CR Greece CR | Greece
45989 7549 TALCID tblmnd | 500 mg/tbl 20 tbl Hydrotalcit A02AD04 1 1
151579 103599 | DULCOLAX| tblent 5 mg/tbl 40 tbl Bisacodyl A06AB02 3 2
146257 110129 | IMODIUM | cps dur 2 mg/cps 8 cps Loperamid | A07DAO03 10 3

ASPIRIN sk ;
162858 204 PROTECT | tblent | 100 mgtbi | 2307200 | Acetylsalic. |, ) 6 5 1
tbl acid
100
15892 6344 LAMISIL crm 10 mg/l g 15g Terbinafin DO1AE1S 4 20
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Table 4. List of OTC chosen for analysis of sales in the pharmacies (CR, Greece) - continuing

Number of
th
Cod N ¢l b Size of N . ATC 5" | OTC in national
ode ame 0 osage ame 0
D F g Strenght _— level list (ATC 5*
ru orm ubstance
g Package level)
CR Greece CR | Greece
FENISTIL L
15391 5862 ROLL-ON drm eml Img/lg 1x 8 ml Dimetinden | D04AA13 3 2
103065 2820 ZOVIRAX crm 5¢/100 g 2¢g Aciclovir D06BB03 5 4
62320 285 | BETADINE| ung [ 100 mg/1 g| 20(+*30)g P‘i’;é‘iig:e DOSAGO2 | 18 14
149198 | 107818 | ELLAONE [ tblnob | 30 mg/tbl 1 tbl U;;Ei;zal GO03AD02 1 1
62543 19071 NUROFEN | tblobd | 200 mg/tbl 24 tbl Ibuprofen MO1AEOI1 49 20
VOLTAREN .
100097 6330 EMULGEL gel 10mg/l g 100 g Diclofenac MO02AAIS 30 44
400 mg/ Acetylsal.
46213 8448 ASPIRIN-C tbl eff 240 mg/tbl 10 tbl acid, comb. NO2BAS1 5 15
PANADOL 500 mg/ Paracetamol,
13802 17619 EXTRA tbl flm 65 mg/tbl 30 tbl comb. NO2BES51 58 11
NICORETTE
188194 112872 SPRAY |ormsprsoll 1mg/dose | 1x13.2 ml Nicotin N07BAO1 22 30
1 mg/DOSE
OTRIVIN
189464 8411 MENTHOL | nas sprsol| 1mg/lml | 1x 10 ml | Xylometazolin| RO1AA07 27 11
1 mg/ml
119924 3983 LIVOSTIN | nas sprsus| 5mg/l0ml| Ix10ml | Levocabastin [ ROIAC02 1 1
64907 109150 | STREPFEN pas 8.75 mg/pas| 16 pas Flurbiprofen | R02AXO01 4 3
57395 114588 | ACCLONG| tbleff 600 mg/tbl 10 tbl Acetyleystein | RO5CBO1 17 12
23(159 101332 PROSPAN sir 7 mg/1 ml 100 ml Hedera leaf ROSCAL2 9 2
TEARS 1 mg/1 ml Hypromelose
49629 2405 | NATURALE| oph gtt sol & 15 ml P SO1XA20 | 10 17
1 + 3 mg/1 ml + Dextran

(*) code cancelled at May 1, 2017, replaced by 202353
(**) size of package in Greece (difference from CR)

Discussion

There were 1,160 marketed OTC in CR and 1,254 ones
in Greece in 2016 (Table 2). There were 86 of them iden-
tical in both lists, it means having the same name, dosage
form, strength and size of package. They were classified
in 9 ATC (1% level). No identic OTC was found in ATC
H, L, Pand V. The only one drug (Ellaone tbl 30 mg 1 tbl)
has been authorized by European Medicines Agency, the
rest of them by national medicines agencies.

As for the variety of marketed OTC drugs in national
lists: it was more extensive in Greece, comprising 13 ATC
I*level (Fig. 1), but OTC listed in ATC H and V were not
found as a part of range of products in any of researched
pharmacies (Table 3). The list of marketed OTC in Czech
Republic was ranked in 10 ATC 1% level (Fig. 1) and at
least one drug of each of these 10 ATC groups was really
the part of range of products in pharmacies (Table 3).

The range of OTC in pharmacies (Table 3) seemed
to be independent of the size of the settlement whe-
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Table 5. Sales of chosen OTC in pharmacies in 2016 (CR, Greece)
CR Greece
Name of drug (*) Number of packages Number of packages
Pharmacy Total Pharmacy Total
I I I I I I
TALCID 1 0 37 38 3 7 5 15
DULCOLAX 0 1 35 36 146 170 100 416
IMODIUM 22 22 103 147 300 425 125 850
ASPIRIN PROTECT 100 7 6 5 18 75 83 50 208
LAMISIL 6 2 24 32 38 49 23 110
FENISTIL ROLL-ON 0 0 8 8 57 50 49 156
ZOVIRAX 9 6 19 34 74 68 52 194
BETADINE 64 33 162 259 10 39 21 70
ELLAONE 0 0 14 14 6 11 8 25
NUROFEN 0 0 11 11 6 25 5 36
VOLTAREN EMULGEL 12 5 48 65 197 320 147 664
ASPIRIN-C 0 0 23 23 29 120 21 170
PANADOL EXTRA 30 17 269 316 363 250 170 783
?L?g?]f){gg]?i SPRAY 1 0 61 62 8 15 11 34
?L};}I\SN MENTHOL 215 15 174 404 10 8 1 19
LIVOSTIN 0 7 33 40 29 32 18 79
STREPFEN 3 14 62 79 76 82 52 210
ACC LONG 14 49 556 619 5 11 2 18
PROSPAN 13 4 15 32 29 40 18 87
TEARS NATURALE II 1 17 21 39 53 72 39 164
Total 398 198 1,680 2,276 1,514 1,877 917 4,358

(*) dosage form, strength and size of package: see Table 4

re the pharmacy was located in Greece. This was not
confirmed in CR. The pharmacy in the small town
offered the biggest range of products in 70.00% of
ATC (1% level) comparing to pharmacies in other
localities. There were found 53.88% of all marketed
OTC in the range of products in this small pharmacy.
The pharmacy in the big city (CR) had the smallest
range of products in 90.00% of ATC (1% level), in
total: 26.98% of the marketed ones. It could be de-
duced that the pharmacy in the small town (the only
one in this town) made efforts to meet the maxi-
mum of patients’ needs in order to prevent the patients
to buy their OTC in other pharmacies. The next reason
could be the difference in the ownership of the pharma-
cies: because of the big competition the pharmacist as
the owner had to supply the patients’ demands as much
as possible to be attractive for clients and to stack up to
the competition. The results in pharmacies in big cities

were opposite: the range of products offered to patients
was 26.98% in CR (minimum of the researched Czech
pharmacies) versus 40.03% in Greece (maximum of
the researched Greek pharmacies). Similar range of
products in pharmacies in smaller settlements (24.72%
town, 28.55% village) was found in Greece. Chain (CR)
seemed to offer the wide range of OTC products
(45.60%) comparing to the independent pharmacy in
the big city (26.98%).

Sales of 20 common OTC (Table 4) in chosen phar-
macies (Table 5) showed big differences. They were
nearly twice as high (191.48%) in Greece as in CR
in 2016. Despite of the similar OTC share in total
pharmaceutical market (approx. 5% in 2015'9) the
changes that started in 2016 (non- restrictive envi-
ronment, new businesses or new products'¥) in Greece
seemed to bring out new patterns in pharmacists’ and
patients’ habitual practice. The extent of OTC sales
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Table 6. Top ATC groups sold in chosen pharmacies

CR Greece
1:} ;l; \Cfel Number of packages 1:?;[;5131 Number of packages

R 1,174 A 1,281

N 330 N 817

A 181 M 700

D 140 D 530

M 76 R 413

Table 7. Top OTC drugs sold in chosen pharmacies
CR Greece
ATC 5% level Name of drug (*) ]\;‘;’c“l:’:gre‘s’f ATC 5% level Na“‘e(;’)f drug l\i)‘;':l:’:gre‘s’f

RO5CBO1 ACC long 619 A07DAO03 Imodium 850
RO1AAOQ7 Otrivin Menthol 404 NO02BE51 Panadol Extra 783
NO2BES1 Panadol Extra 316 MO2AAL1S Voltaren Emulgel 664
DO08AGO02 Betadine 259 A06ABO02 Dulcolax 416
A07DAO3 Imodium 147 R02AX01 Strepfen 210

(*) dosage form, strength and size of package: see Table 4

did not rely on the extent of range of OTC in phar-
macies (Table 3, 5): there were biggest sales (1,877
packages) in the pharmacy with the least range of
products in Greece (locality: town). On the contra-
ry, the sales seemed to be dependent on the owner-
ship of the pharmacy in CR: the chain- pharmacy
had the highest sales (1,680 packages) even if it
did not have the broadest range of products. The
pharmacies located in small town (CR) and village
(Greece) showed lower sales regardless of not ha-
ving the least range of OTC drugs. When detecti-
ng the highest sales in ATC groups (Table 5, 6) in
Greece, the most frequently sold group was ATC
A (Alimentary tract — 1,281 packages) and the most
frequently sold OTC was IMODIUM cps dur 2 mg/
cps 8 cps (AO7DAO03, 850 packages) (Table 7). The
number of OTC marketed in ATC A (218 OTC) was
the second highest in Greece (Fig. 1 — ATC D with
272 OTC was the first one) and the range of pro-
ducts in the pharmacies oscillated between 32.11%
and 16.97% (Table 3). In Czech pharmacies, the
most frequently sold ATC group was R (Respiratory
tract — 1,174 packages) (Table 5, 6) and the most
frequently sold OTC was ACC long tbl eff 600 mg/
tbl 10 tbl (RO5SCBO1, 619 packages) (Table 7). The
number of OTC marketed in ATC R was the highest
one in CR (Fig. 1 — 243 OTC) and the range of pro-
ducts in the pharmacies oscillated between 59.26%
and 35.80% (Table 3).

This research brings the simplified and non-repre-
sentative look into the OTC market in Czech Repub-
lic and Greece. There are some factors impeding the
generalization of results: the small number of pharma-
cies taking part in the research, impossibility of dra-
wing a comparison between data on sales in pharmacies
and international'" '» and national statistics on OTC
drug consumption (in Czech Republic at wholesalers’
level)®. Last but not least, the Czech OTC market has
been stabilized since the changes in the health care
system in nineties, while the Greek one is expected to
undergo big changes in the near future due to starting
liberalization and market opening. On the other hand,
some factors not taken in consideration in this research
might modify what was found up: the climatic differences
between the two countries could determine what are the
most common patients’ symptoms treated by self-medi-
cation and what are the most frequently sold OTC drugs.

Conflicts of interest: none.
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ZPRAVY

Sekee technologie 1ékii Ceské farmaceutické spole&nosti CLS J a
Farmaceuticki fakulta VFU Brno — Ustav technologie 1ékii

Vas zve na pracovni den, ktery se kona |

4.9.2019 v 14:00 hodin v arealu VFU Brno, Palackého tf. 1, budova

AKCE byla schvalena a zaregistrovana pod ¢islem 19493 a
byla chodnocena 14 body

PROGRAM (14:00- 20:00)

Pilitenost tablet — vliv formulacnich a technologickych parametru na obsahovou ste
polovin tablet ziskanych rozlomenim tablety s pulici ryhou
Doc. Ing. Petr Zamostny, Ph.D., Vysoka skola chemicko-technologicka Praha

MiiZe dynamika konsolidace pomoci v odhadu ithlu vritiniho tieni?
Mgr. Zofie Trpélkova, doc. PharmDr. Zdenka Sklubalova, Ph. D., Katedra farmaceutické
technologie, Farmaceutické fakulta UK, Hradec Kralové

Priitocéna disoluce
RNDr. Ludmila Butzkova, Ing. Iva Martincova, Zentiva k.s., SOTAX Pharmaceutical Testing
S.I.0.

Biolegicka lécha
MUDr. Eva Dokoupilova, Vedouci Iékaika soukromé revmatologické kliniky MEDICAL P
Uherské Hradiste

Lékové formy pro détského pacienta
Doc. PharmDr. Jan Gajdziok, Ph.D., Ustav technologie 1éku, Farmaceuticka fakulta VFU, B

Modelovini dychacich cest jako ndstrof pro iéinnéjsi inhalaéni lIéchu
Ing. Frantisek Lizal, Ph.D. Odbor termomechaniky a techniky prostiedi, Fakulta strojniho
inzenyrstvi, Vysoké udeni technické v Brné \

Filmové kryti na rdny s dexpanthenolem '|
PharmDr. Katefina Tenorova, doc. PharmDr. Ruta Masteikova, Ph.D., Ustav technologie léki
Farmaceuticka fakulta VFU, Brno

'5
Doc. PharmDr. Katefina Kubova, Ph. D.- piedsedkyn

doc. PharmDr. Ing. Radka Opattilova, Ph.D., MBA — dékankaF]
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_POKYNY PRO AUTORY CASOPISU
CESKA A SLOVENSKA FARMACIE

Ceska a slovenska farmacie uvefejiiuje po kladném
posouzeni recenzentl ¢i po Gpravach podle jejich pfipominek:
prehledy a odbornd sdéleni, plivodni préce, kritkd sdéleni. Déle
zvefejiiuje prace z déjin farmacie, zpravy o €innosti farmaceu-
tickych spolecnosti, o sjezdech, konferencich, sympoziich
a jinych dualeZitych udélostech, ptispévky z farmaceutické pra-
xe, recenze knih a kratké informace (excerpta) ze zahrani¢ni
literatury. Uvefejiiuje také limitované mnoZstvi abstrakt
z odbornych akci pofddanych Ceskou farmaceutickou spoleg-
nosti. Pocet a rozsah abstrakt je pfedem nutné dohodnout
s redakci Casopisu.

Redakce pfijimd pouze price a prispévky, které nebyly
dosud uvefejnény ani zaslany k otiSténi jinému Casopisu.

Casopis Ceskd a slovenska farmacie nezpoplatiiuje
publikaci ¢lanki s dedikaci grantového ¢i jinak finanéné
podporovaného vyzkumu a vyvoje z verejnych zdroju, stej-
né jako jazykovou korekturu anglického textu.

Vsechny ¢lanky v plném znéni spolu s anglickymi
a Ceskymi souhrny jsou zvefejiiovany i na internetovych stran-
kach ¢asopistt CLS JEP (www.cls.cz). Prispévky ¢asopisu Ces-
k4 a slovenska farmacie jsou volné dostupné z databdze PUB-
MED (po zobrazeni abstraktu odkaz na FULL TEXT vpravo
nahofte).

Uprava praci

1. Nadpis vystizné a stru¢né€ vyjadfuje obsah préce. U sérii je
nutné v pozndmce pod Carou citovat pfedchazejici sdéleni.

2. Autofi — kfestni jméno a pfijmeni, bez titull (napf. Jan
Janik).

3. Pracovisté — nezkraceny nazev, sidelni mésto, pfip. zemé.

4. Uvod o pfedmétu praci a studované problematice — zafazu-
je se pouze u puvodnich praci.

5. Pokusnd ¢ast — podrobny popis pouZitého materidlu
a metod. Postupy zndmé z literatury se nepopisuji, staci pii-
slus$ny odkaz. RovnéZ se neuvadéji béZné, obecné pouZziva-
né metody.

6. Vysledky — stru¢né a vystizné shrnuti dosaZenych vysled-
ka, které je rovnéZ mozné uspofddat formou tabulek
a grafi. Duplicitni informace je nepfipustna.
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