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Bisfenolové analdgy sa Coraz viac pouzivaju v priemysle ako nahrady institucionalne
limitovaného plastifikatora BPA, ¢im sa intenzivne dostavaju do kontaktu s fudskym
organizmom. Vysledky ziskané v projekte na modeloch primarnych aj nadorovych buniek
odvodenych zo samiCieho i samcieho reprodukéneho traktu poukazuju na parametre citlivé
na expoziciu tymto latkam, vratane ich zivotaschopnosti, proliferacie, oxidacného stresu,
tvorby steroidnych horménov a génovej expresie. Tieto vysledky z doteraz malo prebadanej
oblasti biologického ucinku bisfenolov a udaje o rozsahu ich toxicity ziskané vramcirieSenia
projektu potvrdzuju hypotézu o ich endokrinne disrupénom potenciali podobnom
prototypovému BPA. Zaroven suvyznamnym prispevkom k akademickym zisteniam z inych
oblasti, spolu s ktorymi v koneénom désledku upozorriuju, ze alternativne bisfenoly nie su
inertné s ohladom na mnozstvo biologickych a patogenetickych procesov v ludskom
organizme, preto by mali byt dalej skimané, kontrolované a hodnotené ako latky
potencialne rizikové pre fudské zdravie.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Ciele stanovené v projekte mali na zaklade experimentov na Specifickych in vitro modeloch
gonadalnych bunkovych kultur priniest udaje o ucinkoch bisfenolovych analégov BPAF,
BPS, BPF, BPB, na spektrum bunkovych procesov, identifikovat’ citlivé parametre a objasnit
mechanizmy ucinku bisfenolov v sledovanych procesoch, a na zaklade ziskanych udajov
indikovat’ rizika, €i naopak prispiet’ k potvrdeniu bezpe€nosti pouzivania tychto analégov ako
priemyselnych nahrad bisfenolu A. Vzhfadom k vyraznému nedostatku poznatkov o vplyve
bisfenolov na reprodukény systém projekt vdaka ziskanym vysledkom priniesol subor
cennych novych udajov o pésobeni analégov BPA na fyziologické charakteristiky
primarnych zarodo&nych i somatickych buniek ovarii, ako aj patogenetické charakteristiky
buniek ovarialnych nadorov epitelidlneho i granulézneho pévodu, a hormén-responzivnych i
neresponzivnych nadorov prostaty a testes.

Na zaklade vykonanych analyz sme identifikovali Skalu bunkovych, biochemickych a
molekuldrnych parametrov citlivych na pdsobenie bisfenolov. Studované bisfenoly ovlyvnili
proliferaciu buniek, bunkovu viabilitu, integritu plazmatickej membrany, energeticky
metabolizmus buniek. Vo vysokych koncentraciach indukovali apoptézu aktivaciou kaspaz a
indukciou tvorby reaktivnych foriem kyslika. Bisfenoly tiez inhibovali produkciu steroidnych
hormonov (estradiol, progesteron) a meiotické zrenie zarodo€&nych buniek v primarnych
vzorkach izolovanych z ovarii. Cielovymi faktormi ucinku bisfenolov boli aj expresia a
sekrécia proangiogénnych faktorov, komponentov extracelularneho matrixu a zapalovych
markerov. Zistilo satiez ovplyvnenie expresie génov zapojenych do onkogénnej
signalizacie, bunkového cyklu, a chemorezistencie gonadalnych nadorovych buniek.
Vysledky indikuju, Ze cielové procesy sa u réznych bisfenolovych derivatov liSia v zavislosti
od typu buniek, koncentracie a €asu pésobenia, pricom ucinky vysokych koncentracii
niektorych analégov (BPAF a BPB) su vyraznejSe ako ucinky samotného BPA.

V projekte sa sledovalo pésobenie bisfenolov v koncentranom rozsahu od biologicky
relevantnych koncentracii (1 nmol/l) po experimentalne vyuzivané vysSie koncentracie (100
pmol/l). Vyznamné disrupéné ucinky bisfenolov na Studované bunkové a molekulové
procesy sme pozorovali prevazne pri suprafyziologickych davkach (1-100 umol/l), ktoré
vyrazne presahuju koncentracie tychto latok namerané v prostredi a fudskych vzorkach.
Tieto pozorovania by mohli viest k predpokladu, Ze k podobnym ucinkom by v fudskom
organizme za beznych podmienok expozicie nemalo dochadzat, zaroven vSak vysledky
dokazuju, Ze bisfenolové analdgy testované v projekte, najma BPAF a BPB, a v menSej
miere BPS a BPF, maju schopnost interferovat’ s biologickymi systémami, €o nie je Ziaduce
pre chemické primesi vyuzivané v produktoch dennej spotreby.

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v anglickom jazyku
(max. 20 riadkov)

The goals established in the project were to provide data on the effects of bisphenol analogs
BPAF, BPS, BPF, BPB, on the spectrum of cellular processes, to identify sensitive
parameters and clarify the mechanisms of bisphenol actions in the studied processes.
Based on the experiments on specific in vitro models of gonadal cell cultures, the obtained
data should indicate the risks or, on the contrary, contribute to the confirmation of the safety
of the use of these analogs as industrial substitutes for Bisphenol A. Due to the significant
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lack of knowledge about the impact of bisphenols on the reproductive system, the results
obtained in the project bring a set of valuable new data on the effect of BPA analogs on the
physiological characteristics of primary germ and somatic cells from the ovaries, as well as
the pathogenetic characteristics of cells of ovarian tumors of epithelial and granulosa origin,
and hormone-responsive and non-responsive tumors of the prostate and testes.

Based on the analyzes performed, we identified a range of cellular, biochemical and
molecular parameters sensitive to the action of bisphenols. The studied bisphenols affected
cell proliferation and viability, plasma membrane integrity, and cell energy metabolism. At
high concentrations, they induced apoptosis by activating caspases and inducing the
formation of reactive oxygen species. Bisphenols also inhibited the production of steroid
hormones (estradiol, progesterone) and meiotic maturation of oocytes in primary samples
isolated from ovaries. The targets for the effect of bisphenols were also the expression and
secretion of proangiogenic factors, components of the extracellular matrix and inflammatory
markers. Bisphenols affected the expression of genes involved in oncogenic signaling, cell
cycle, and chemoresistance of gonadal tumor cells.

The results indicate that the target processes of different bisphenol derivatives differ
depending on the cell type, concentration and time of exposure, with the effects of high
concentrations of some analogs (BPAF and BPB) being more pronounced than those of
BPA.

The project monitored the action of bisphenols in a concentration range from biologically
relevant concentrations (1 nM) to experimentally used higher concentrations (100 uM). The
significant disruptive effects of bisphenols on the studied cellular and molecular processes
were observed mainly at supraphysiological doses (1-100 uM), which significantly exceed
the concentrations of these substances measured in the environment and human samples.
These observations could lead to the assumption that in the organism under normal
conditions of exposure, similar effects should not occur, but at the same time, the results
prove that the bisphenol analogs tested in the project, especially BPAF and BPB, and to a
lesser extent BPS and BPF, have the ability to interfere with biological systems, which is not
desirable for chemical additives used in the everyday-use products.
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