Prednaska C. 7
Znecisteni ovzdusi, polycyklicke
aromatické uhlovodiky



Organicke polutanty

« perzistentni organické polutanty (POP) — latky
definované Stockholmskou umluvou, zahrnujici
pesticidy, primyslové chemikalie a vedlejSi produkty
prumyslové vyroby:;

« polyaromatické slouceniny a jejich derivaty, dalsi
produkty spalovacich procesu;

- dalSi prumyslové kontaminanty — bisfenol A, ftalaty
apod.



Stockholmska umluva

* globalni environmentalni smlouva, jejimz cilem je
ochrana lidského zdravi a zivotniho prostredi pred
Skodlivymi vlivy perzistentnich organickych polutantu
(POPs), tedy toxickych latek schopnych dlouhodobe
setrvavat v zivotnim prostredi, prenaset se na velke
vzdalenosti a kumulovat se v zivych organismech.



Organicke polutanty

Perzistentni organické polutanty — definice dle SU:

* remain intact for exceptionally long periods of time
(many years);

* become widely distributed throughout the environment
as a result of natural processes involving soil, water and,
most notably, air;

e accumulate in the fatty tissue of living organisms
iIncluding humans, and are found at higher
concentrations at higher levels in the food chain; and

« are toxic to both humans and wildlife;

http://chm.pops.int/Home/tabid/2121/mctl/ViewDetails/EventModID/759
5/EventlD/424/xmid/7598/Default.aspx




Organicke polutanty

Perzistentni organické polutanty puvodné shrnuté v SU
— tzv. ,Dirty Dozen™:

« pesticidy: aldrin, chlordan, DDT, dieldrin, endrin,
heptachlor, hexachlorbenzen, mirex, toxafen;

« prumyslové chemikalie: hexachlorbenzen,
polychlorovanée bifenyly (PCB);

« vedlejsi produkty prumyslové vyroby:
hexachlorbenzen; polychlorovane dibenzo-p-dioxiny,
polychlorované dibenzofurany (PCDD/PCDF), PCB;



Organicke polutanty

Dalsi perzistentni organické polutanty nové zahrnuté ve
SU:

» pesticidy: chlordekon, a-hexachlorcyklohexan, 3—
hexachlorcyklohexan, lindan, pentachlorbenzen;

« prumyslové chemikalie: hexabrombifenyl,
hexabromdifenylether a heptabromdifenylether ,
pentachlorbenzen, kyselinu perfluoroktansulfonove a jeji
soli, tetrabromdifenylether a pentabromdifenylether;

« vedlejsi produkty prumyslové vyroby: o-
hexachlorcyklohexan, -hexachlorcyklohexan,
pentachlorbenzen;



Pesticidy

organochlorované pesticidy - POPs;
organofosfaty;

herbicidy — hubeni rostlin
fungicidy — hubeni plisni
iInsekticidy — hubeni hmyzu
rodenticidy — hubeni hlodavcu



Organochlorované pesticidy

prestoze ruzné latky hubici hmyz byly vyuzivany jiz ve
staroveku, teprve na poc. 19. stoleti se objevily latky
cilené produkované za timto ucelem;

pyrethroidy — pyrethrum (prirodni insekticid) — tzv.
axonove jedy, blokujici uzavieni sodikovych kanalu
neuronu — udrzuji je tak v excitovaném stavu;

vyvoj organochlorovanych pesticidu — s objevem
insekticidnich ucinku DDT;

rozsahle vyuziti predevsim v 40. — 60. letech; od 70.
let postupne stahovany vzhledem k Sirokému spektru
nezadoucich Ug&inkl a jejich perzistenci (SU); rozsahlé
zasoby z dob minulych, vyuziti v rozvojovych zemich,
globalni transport;



Organochlorované pesticidy

* hlavni mechanismus ucinku - inhibice transportu Na®,
Cl-, Ca%*, Mg?* v neuronech;

« na rozdil od pfedchozich, ,rannych” insekticidu (napf.
slouCenin As) maji nizkou akutni toxicitu pro svace a
jsou velmi stabilni;

« postupné se ukazalo, ze persistence je naopak
vlastnost, ktera umoznuje jejich akumulaci a transport v
ramci biosfery;

http://www.genasis.cz/case-studies/pops-spatial-
modeling/index.php?pg=distribution-maps&lang=cs




Organochlorované pesticidy
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DDT — modelovy insekticid

1,1,1-trichlor-2,2-bis(4-chlorfenyl)ethan;

syntetizovan v 19. stoleti — insekticidni ucinky
popsany v roce 1939; v roce 1948 obdrzel P. H. Muller
Nobelovu cenu za medicinu;

vyuziti k likvidaci komaru — eradikace malarie na
rozsahlych uzemich;

v roce 1972 bylo jeho pouzivani v USA a radé dalSich
zemi postupné zakazano, nicméne v rade rozvojovych
zemi se pouziva dodnes; WHO nedavno schvalila
jeho pouziti v oblastech s vysokym vyskytem komaru
prenasejicich malarii — indoor appl. cl
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DDT — pocCatecCni nadseni
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Zdroj: http://www.toxipedia.org/display/toxipedia/DDT
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DDT — negativni dopad na volne
Zljici zivocCichy

Biomagnifikace a
bioakumulace

DDT concentration:
increase of
10 million times

DDT in
zooplankton
. 0.04 ppm

DDT in water
0.000003 ppm




DDT — negativni dopad na volne
Zljici zivocichy
* 1962 — Rachel Carson — Silent Spring; pocCitek env.
hnuti v USA, zalozeni US EPA;
* kontroverze;

* negativni dopad DDT na dravce — eggshell thinning;

» karcinogen?, endokrinni disruptor? — velmi
kontroverzni;



Endokrinni disrupce

« endokrinni disruptor — latka, ktera interferuje se
syntézou, sekreci, transportem, vazbou na receptor,
aktivitou receptoru nebo eliminaci hormonu v téle;

* dosud byla pozornost veénovana hlavne latkam
interferujicim s pohlavnimi hormony — estrogeny a
androgeny, a thyroidnimi hormony;

 Fada pesticidu Ci jejich metabolitu je v exp.
podminkach schopna chovat se jako estrogeny,

antiandrogeny apod. — problematické konecntrace a
epidemiologicke studie;



Endokrinni disrupce

Steroids

Pollutants

Plant Products

~ b

- Py,
17p-Estradiol

Pharmaceuticals

Ethynyl Estradiol

Fungal Products

Zearalenone

Joget

Bisphenol A

LS CUUN

Nonylphenol

Luteolin (flavone)

HO

Resveratrol (stilbene)

acey

Coumestrol (coumarin)

Fic. 5. Chemicals found in the environment reported to be estrogenic. This list is not comprehensive, but illustrates representative structures
of estrogenic compounds from various sources. Information on these compounds is contained in the text.




Moznosti u€inkl environmentalnich estrogenu na
bunecné urovni
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Moznosti studia

ry

uc
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estrogenu na bunééné urovni

[n vitro assay

Measured endpoint

Advantages

Limitations

[:-Screen

Ligand-binding
(EDSTAC)a

ER-binding to ERE

GST pull-down/FRET/

two-hybrid assay

Transactivation assay
in veast or mammalian
cells (EDSTAC )a

Analysis of gene
expression

Analysis of enzyme
activity

Analysis of steroido-

genesis (EDSTAC ja

Proliferation of
ERa-positive cells

Binding affinity to
ERa or ERP

Binding affinity of Erx

or ERP to ERE

Ligand-dependent
association of ERa or
ERP with co-activators

ERa or ERP mediated

activation of reporter

Expression of
ER-regulated genes

Activity of ER-reg-
ulated enzymes

Induction/inhibition of
estrogen biosynthesis

Measures physiological endpoint of
estrogen action, measures estrogens
and antiestrogens

Simple, high-throughput method

High-throughput method, various
EREs can be used

Analysis of molecular interaction,
defined ER subtype or ER domain
as well as co-activators can be used,
measures estrogens and antiestro-
aens

High-throughput method, measures
estrogens and antiestrogens, can be
done in metabolic competent cells to
account for (anti)-estrogenic metab-
olites

Analysis of physiological response,
versatile, measures estrogens and
antiestrogens

Analysis of physiological response,
measures estrogens and antiestro-

acns
=

Analysis of physiological response,
measures ER-independent pathways

No defined ER expression,
no mechanistic data

Does not measure ER acti-
vation, does not measure
physiological response

Does not measure ER
activation, low sensitivity,
does not measure physio-
logical response

Does not measure direct
R activation, low
throughput, does not
measure physiological
response

Does not measure
physiological response

L.ow throughput

Cell lines or primary cell
cultures with active marker
enzymes suitable only
Cells with active steroido-
genesis suitable only




Pesticidy a nadorova onemocnéeni?

* Vv soucasné dobe jsou zavery epidemiologickych studii
nejednoznacne,;

e Vvinvitro a in vivo pokusech jsou schopny v laboratornich
podminkach zpusobovat vznik nadorovych onemocnéni;

* mozné mechanismy zahrnuji modulaci exprese
onkogenu, deregulaci apoptozy, aktivaci steroidni
signalizace, indukci oxidativniho stresu;

* mezi studovaneé latky patri predevsim DDT a jeho

metabolity, izomery HCH, hexachlorbenzen, endosulfan,
dieldrin a lindan;



Pesticidy a nadorova onemocneni?
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Vakonaki et al., Toxicology 2013; 307: 42—-45



Pesticidy a neurodegenerativni
onemocneni?

Toxicant Entry and Cell-Specific Effects

Central nervous system

Channel-mediated *Neurotransmission, neuroendocrine;
entry T T the major effector cell of the nervous
pR ) system
*ex. Paraquat
Toxicant effects may range from
—_ subtle neurophysiologic alterations to
== - overt cell death
L]
E *Homeostasis, injury response,
. 3 neurotransmitter metabolism
: *Response to toxicants may range
Toxicant g from neuroprotective to deleterious
(11] *Resident CNS immune cell,
Diffusion by o neuronal homeostasis
r,}',%?;’;f,’f;‘;"“""" 8 *Response to toxicants may range
m . ) from protective to cytotoxic — release
*ex. Rotenone Microglia of neurotoxic molecules
L . b «Myelinating cells of CNS
Dysfunctional 868 e “Toxicant-mediated myelin loss may
Cligodendrocytes | affect neurotransmission, neuron
N integrity
*Normally excluded
toxicants could , )
access the CNS In the CNS toxicants may act on diverse cell types

Cannon et Greenamyre, Toxicol Sci 2011; 124: 225-50



Organofosfaty
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Postsynaptic
cell

Neuroscience. 2nd edition.
Purves D, Augustine GJ, Fitzpatrick D, et al., editors.
Sunderland (MA): Sinauer Associates; 2001.




Organofosfaty

vyhoda — vysoka akutni toxicita pro cilové organismy -
hmyz; rychla metabolizace a exkrece u savcu a ptaku;
neakumuluji se v zivotnim prostredi — eliminace v radu
nékolika tydnu;

registrovano temer 200 latek;

akutni otravy — pri aplikaci, poziti kontaminovanych
rostlin, vody;

pfi otravach dochazi v dusledku akumulace acetylcholinu
k nadmeérné stimulaci nikotonovych receptoru — spojeni
neuron-neuron, nervosvalova ploténka; priznaky —
letargie, namahavé dychani, prujem, zvraceni krecCe,
smrt;



Organofosfaty

* v ekosystému — uhyn uziteCnych druht hmyzu
predevsim opylovacu; uhyn veelstev, melaku
(chlorpyrifos, fipronil);

« parathion (E605) — O,0O-diethyl-O-4-nitro-fenylthiofosfat,
je vysoce toxicky organofosfatovy insekticid a akaricid;
nahodné i umysiné otravy;
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Karbamaty

organicke pesticidy odvozené od kyseliny karbamove;
reverzibilni inhibitory acetylcholinesterazy;

priklad: karbofuran — zakazany v EU i USA; otravy
dravcu; potencialné karcinogenni, naruSuje hormonalni
regulace a je vysoce toxicky pro obratlovce, vC. Cloveka;



Pesticidy a neurodegenerativni
onemocneni?

Toxicant Entry and Cell-Specific Effects
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