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(14) Utéinky chemickych latek

Utinky chemickych latek.

Pifehled, mechanismy.
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Chemické latky v Zivych organismech

Environmental Contaminants
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Cytoplazmaticka membrana a povrchové struktury
bunék

Cell BIOACCUMULATION
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FIGURE 17.4 MQCh‘mlS_mS of metal (M) flux across the microbial metal or an organic chemical. From Philips (63]. With permis-
ell membrane. (Adapted from Simkiss and Taylor, 1989.)
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Toxicky ac€inek chemickych latek

Mitochondrion Membrane Tvoical
Nucleus cgl‘l) ica
Substrates
Category of
_ toxic action
Pharmacologic Genotoxic Pathologic
g §
. Target
§ molecule
Cytochrome DNA Receptor in lipid bilayer
@ @ & Toxic
Inhibition Mutation Destruction effect
s FIGURE 5-8
Enzyme and substrates in reaction Lock-and-key model for toxic action.?®
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Vztah davka - odpovéd’
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FIGURE 9.22. Dose—response curve. (Adapted from Kam-
rin, 1988).
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Vztah davka — odpovéd’ pro karcinogenni uCinek

effects.
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FIGURE 9.33. Dose-response relationship for carcinogen
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Vztah davka - odpovéd’

Response, %

rats mice

Dose, mg

FIGURE 9.26. Effect of dose on different organisms.
(Adapted from Kamrin, 1988).
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Vztah davka - odpovéd’
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FIGURE 9.25. Relationship between the time course of
exposure and the response. (Adapted from Kamrin, 1988).
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Vztah davka - odpovéd’
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FIGURE 9.34. Extrapolation in the LMS model.
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Vztah toxicity a vlastnosti latek

Carcinogenic Vapor
Reference slope factor Solubility pressure (mm
Compound dose (mg/kg-d) [(mg/kg-d)~ 1] (mg/L at 25°C) Hg at 25°C)
Perchloroethylene 0.171 (inh) 0.175 (inh)
(tetrachloroethylene) 0.01 (oral) 0.052 (oral) 150 (at 20°C) 18.47
Trichloroethylene 0.01 (inh) 0.4 (inh)
0.0003 (oral) 0.011 (oral) 1366 74
1,1-Dichloroethylene 0.057 (inh) 0.175 (inh)
0.05 (oral) 0.6 (oral) 2500 591
Vinyl chloride 0.0286-0.01 (inh) 0.03 (inh)
0.003 (oral) 1.5 (oral) 2763 2660

Sources: http://www.atsdr.cdc.gov/toxprofiles/, EPA Toxic Profiles.
http://www.epa.gov/iris/subst/, IRIS (EPA Integrated Risk Information System).
http://www.epa.gov/tin/atw/hlthef/, EPA Technology Transfer Network Air Toxics Website.
http://risk.Isd.ornl.gov/cgi.bin/tox/, RAIS (EPA Risk Assessment Information System).

Research Centre for Toxic Compounds in the Environment
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Vyznamné polutanty a jejich toxické ucCinky

TABLE 9.7. Selected key substances and their toxic effects

Carcinogenic Birth Still Nervous Liver Kidney Lung
Mutations effects defects births disorders disease disease disease
Benzene X X X X
Dichlorobenzene X X X X
Chloroform X X X X
Carbon tetrachloride X X X X X
Vinyl chloride X X X X X
Tetrachloroethylene X X X X
Heptachlor X X X X X
PCBs X X X X X X
Tetrachlorodibenzodioxin X X X X X X
Toluene X X X
Xylene X X X
Pb X
Hg X X

Research Centre for Toxic Compounds in the Environment
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Vztah davka - odpoved’
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FIGURE 9.27. Toxicokinetics. (Adapted from the United States National Library of Medicine).
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Chlorakne

Viktor Yushchenko - before and after
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Utinky organochlorovych latek na organismy

%  Laboratorni studie / terénni studie

Sledované parametry (endpoints):

- mortalita

- vliv na reprodukci
- vliv na vyvoj

- vliv na rast

- nheurotoxicita
- imunotoxicita
- endokrinni efekty

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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Utinky organochlorovych latek na organismy

Nespecificka toxicita
Toxicita se specifickym mistem ucinku

Endokrinni ucinky

& & & &

Metabolismus, aktivace, kovalentni vazby, lipidni
peroxidace

@

AhR-zprostfedkovana toxicka odpovéd’

L Immunotoxicita

Research Centre for Toxic Compounds in the Environment
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Nespecificka toxicita (narkoza)

Charakteristicka pro vsechny organické chemikalie, které
mnohou prestupovat pfes membranu a vstupovat do tél
Zivych organismu

pfi vysokych hladinach expozice

A
receptor-mediated
toxicita

S nespecificka
3 toxicita
o

o

o

koncentrace

Research Centre for Toxic Compounds in the Environment
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Nespecificka toxicita (narkoza)

%  Mechanismus ucéinku:

SkuteCny mechanismus a€inku neni znam
2 hlavni teorie:

- Membranové vyduti — ,;membrane swelling*
- Proteinova kapsa — ,,protein pocket*

Akutni efekt:

- PocateCni drazdiva faze
- Faze deprese
- Smrt

Research Centre for Toxic Compounds in the Environment
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Nespecificka toxicita

Skupiny chemickych sloucenin:

% Nespecificka toxicita neni funkci struktury slou€enin

% Nespecificka toxicita souvisi s molekulovou hmotnosti a
rozdélovacimi vlastnostmi sloucenin

% U chlorovanych sloucenin nema chlor vliv na silu efektivni
davky v organismu, ale ovliviiuje rozdélovaci
charakteristiky mezi mediem a organismem

Research Centre for Toxic Compounds in the Environment
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Nespecificka toxicita

Efekty:

akutni mortalita
sniZuji délku Zivota

vyvoj a rist

& & & &

reprodukce

Chronicka letalni efekty — fadové nizZsi koncentrace nez pfi
akutnich efektech

Research Centre for Toxic Compounds in the Environment
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Toxicita se specifickym ucinkem

%, Zavisi na stereospecifickych interakcich se specifickym
cilovym systémem nebo receptorem

% Pritomnost chloru muiZe ovlivnit reaktivitu slouCeniny a jeji
resistenci k degradaci biotou a v prostfedi

Research Centre for Toxic Compounds in the Environment
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Toxicita se specifickym ucinkem

Mechanismus ucéinku:

Y% Receptor - mediated — vazba na specificka mista na
bunécnych membranach, enzymech, proteinech.

2 hlavni mechanismy:

Y% Antagonisté a agonisté pfirozenych slou€enin vaZicich se na
receptor

% Latky, které zasahuji do syntézy, uvolfiovani a degradace
endogennich neurotransmittera a které inhibuji enzymy
kritické pro funkci bunék

AChE inhibitofi, neurotoxické latky, latky blokujici fotosyntézu,
latky blokujici respiraci, drogy, latky narusSujici oxidativni
fosforylaci

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

22




Toxicita se specifickym ucinkem

Skupiny chemickych sloucenin:

Receptor-mediated neurotoxicita — u vétSiny OCs slou€enin —
napfiklad pesticidy (DDT, cyklodien, toxafen, lindan)
(kromé PCDDs/Fs, a chlorovanych polymert)

Inhibice fotosyntézy — chlorované aromaty, a nékteré chlorované
alifatické slouceniny (kromé PCBs, PCDDs/Fs a C,,,
alifatickych sloucenin)

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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Toxicita se specifickym ucinkem

Efekty:

Vliv na nervovy systém a na produkci energie
Sekundarni efekty:

Naruseni neuroendokrinniho systému a homeostaze
Vliv na chovani organismii

Vliv na reprodukci, vyvoj — neni znam presny mechanismus
ucinku

Research Centre for Toxic Compounds in the Environment
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Endokrinni toxikologie

Naruseni reprodukce a endokrinnich funkci

%  Mechanismus ucinku:

- toxicita pfimo na reprodukcni tkané

- vliv pfes endokrinni systém

Blokatofi hormonu a latky napodobujici hormony:

taxicla tc'miclé hormon
f latia f 'at"aX
| hormonaini | pFechodna odpoved’
P recpt — v: m Forrordiriecear J > nebo bez odpovédi

Research Centre for Toxic Compounds in the Environment
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Endokrinni toxikologie

Skupiny chemickych latek:
Interakce s endokrinnim systémem se specificky nevztahuje k

chloraci.

Nechlorované latky s endokrinni aktivitou: fytoestrogeny, DES...

Chlorované latky s endokrinni aktivitou:

DDT isomery, estradiol, kepone, methoxychlor (po metabolické
aktivaci), endosulfan....

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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Endokrinni toxikologie

Efekty:
Estrogenni receptory:

CILOVE TKANE:
% vajeCniky, mozek, hypofyza, jatra, déloha...

Zmény funkce: vaje€nikd, neuroendokrinnich funkci, produkce
Zloutku...

Androgen, progesteron, glukokortikoidy, vitamin D —
(interference xenobiotik nebyla prozkoumana)

Vliv na hormonalni modulaci v kritickych stadiich Zivotniho

cyklu (sexualni diferenciace) (ne plné pochopeno)

Research Centre for Toxic Compounds in the Environment 27
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Metabolismus, aktivace, kovalentni vazby, lipicka

peroxidace

% Metabolicka aktivace se netyka se pouze chlorovanych latek

% Latky které pravdépodobné nejsou persistentni v prostfedi -
biotransformace

Mechanismus uc¢inku:

Latky elektrofilni

Y% Pfima reakce xenobiotika s biologicky duleZitou
molekulou (tercialni aminy, PAHs...)

% Xenobiotikum je nejprve transformovano enzymatickym
systémem

Research Centre for Toxic Compounds in the Environment
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Metabolismus, aktivace, kovalentni vazby, lipicka

peroxidace
Role chloru v molekule:

- atom chloru neni nezbytny pro aktivaci molekuly

Skupiny chemickych latek:
METABOLICKA AKTIVACE:

1) chlorované alifatické slou€eniny (C;-C;, C;-C,, >C,()
2) organofosfatové pesticidy

3) chlorované aldehydy

4) chlorované aromaty (neutralni, polarni)

5) PAHs

NEJSOU METABOLICKY AKTIVOVANY:

1) PCDDs
2) PCDFs

3) PCBs

Research Centre for Toxic Compounds in the Environment
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Metabolismus, aktivace, kovalentni vazby, lipicka

peroxidace

Efekty:

- mortalita, pokles rychlosti riistu
- selhani jater a ledvin

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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AhR - zprostfedkovana toxicka odpovéd’

Modelova sloucenina — 2,3,7,8-TCDD

Mechanismus ucinku:

- vazba latky na na cytosolovy AhR = latka-AhR komplex translokovan
do jadra = vazba na DNA = transkripce gent

Skupiny chemickych latek:

%  PCDDs/Fs (substituované alespoii v polohach 2,3,7,8) (ryby, ptaci,
savci)

PCBs (mono-ortho substituované — ptaci, savci)
Polychlorované naftaleny
Azoxybenzeny

Chlorované difenylethery

& & & & &

Chlorované benzyltolueny

Research Centre for Toxic Compounds in the Environment
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AhR - zprostfedkovana toxicka odpovéd’

Efekty:
Mortalita

Reprodukcni toxicita
Vyvojova toxicita

SniZeni rastu

& & & &6

Rakovina

TCDD toxické ekvivalenty

% TEF - indikuje toxicky potencial latky ve vztahu k TCDD

% Latka ve smési — TEQ (toxic equivalent) = TEF x
koncentrace latky ve smési

& Total TEQ = TEQ, + TEQ, + ......TEQ

n

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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Imunotoxicita

Je zptisobena jak chlorovanymi tak nechlorovanymi latkami

Mechanismus ucinku:

Imunotixické latky zpasobuji:

% Zmény v normalni imunitni odpovédi — pokles / zesileni

% Indukce abnormalni imunitni odpovédi jako jsou riizné typy hypersensitivity
(allergie...)

Imunotoxické efekty mohou byt:

% Organové specifické

% Bunécné specifické

% Imunitné funkéné specifické

% Nespecifické

Ruzné mechanismy:

%  Modifikace —SS/SH poméru

Y% Aktivace AhR

%  Lipidicka peroxidace

O
D(‘

Research Centre for Toxic Compounds in the Environment 33
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Imunotoxicita

Skupiny chemickych latek a jejich efekty:

PCBs:

Strukturalni zmény organt imunitniho systému, redukce poctu lekocytt, T-
lymfocyta v krvi

Znémy v reaktivité imunitniho systému — redukce produkce protilatek...
Vice chlorované PCBs — vice imunotoxické

Chlorované dibenzo-p-dioxiny:

TCCD - vycerpani lymfotické tkané (v thymu a kostni dfeni), funk¢ni zmény
v imunitni citlivosti

Jeho imunotoxicita spojena s AhR

Organochlorové pesticidy:

HCB, mirex, lindan, chlordan, dieldrin, DDT - imunomodulacni efekty

Ztrata odolnosti vuci infekcim

Research Centre for Toxic Compounds in the Environment
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Oxidace mikrosomalnimi monooxygenazami

02
02
P450 Fe2+-XH
e Fe?te
PAR0 X Fe™ i e, Transfer of
NADPH+H* Oxidised second electron
Cytochrome
P450 reductase
P450 » Fe3*
NADP Reduced
P450 » Fe3* « XH
XH

I-llydrophobic binding site

Substrate

Cytochrome P450
catalytic centre

FIGURE 2.3 Oxidation by microsomal monooxygenases.
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Utinky POPs
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1. Aromatic hydroxylation
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Reakce 1. faze biotransformacnich procesu

7. Sulphur oxidation

CaHgO \!i?l) 1) CEHSD\ﬁ {i? O CEHE,OM% ?ij

/P“S”C2H4—S_CEH5 L __.JF_S_CEHJF_S_CEHE_} /P_S_CEH4—S_CEH5
CobcO CaHs0 CsHg0 ':l")
Disyston Disyston sulphoxide Disyston sulphone

8. A-Hydraxylation

8 H O
H i O 1
N—C—CHjy o N—C—CHg
OO < L0
N-Acetylaminofluorene {N-AAF) N-Hydroxyacetylaminofiuorene

FIGURE 2.5 Biotransformaitons by cvinchrome P430).

Research Centre for Toxic Compounds in the Environment
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COOH

kOH HJ + UDP

Phenol glucuronide

1 COOH
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| c 2
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HNCOCHy  conjugate of DCNB

3. (b) Addition to epoxide
Glutathione-S-
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HO™" I Ho™"

OH OH
Benzo(a)pyrene
7,8-diol 9,10-epoxide
FIGURE 2.14 Phase Il biotransformation—conjugation. 1. Glucuronide formation. 2
3. Glutathione conjugation.
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. Sulphate formation.
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Interakce glutathion-S-transferazy s

r ® \V/ [ )
: H H>0
Y oo Z2Hy s —chyol 225 HeHO + GSH + H 4+ o
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2 H H
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O O s
3. H
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p,p-DDE Epoxide Glutathione conjugate
of epoxide
o |
i ik Methylation
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CI@T@CI cl cl
CCly CCl,
Methyl sulphone Thioether metabolite
metabolite
FIGURE 2.15 Glutathione-S-transferase attack on organochlorine compounds.
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Uéinek PCDDs/Fs na bun&éné tirovni

1. A dioxin molecule
arrives and penetrates
the cell membrane.

B
6o

4. The Ah receptor now enters the
nucleus of the cell, linking up en route
with a protein denoted Amt. This com-
bination of molecules fits specific
portions of the DNA chains. One such
portion forms part of a sequence regu-
lating the activity of the gene CYP 1A1.

5. The gene produces copies of itself
in the form of ‘messenger RNA'.
Outside the nucleus, these copies
control the synthesis of an enzyme
called cytochrome P450 1A1. A
dioxin intake thus results in higher
levels of this enzyme in the cell.

cytochrome P450 1A1

What happens in the cell?

2. Inside the cell, in the
cytoplasm, there are Ah
receptors. Normally they
are linked to two molecules
of the protein hsp90.

3. The dioxin molecule ‘docks’
with an Ah receptor, which as
a result changes shape in
such a way that the hsp90
molecules are released.

/
cell membrane

CYTOPLASM

6. The Ah receptor can also bind to DNA
sequences regulating the activity of other
genes. It can thus influence the synthesis
of some twenty types of protein molecules
at least, apart from cytochrome P450 1A1.
As yet, we do not know which of these
proteins is or are responsible for the toxic
effects of dioxins.

Regulatory
sequence for

messenger RNA
CYP 1A1 \

NUCLEUS

v e
&\’\ e &>

protein molecules

-
28 8

messenger RNA

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




Faze vyvoje zhoubného nadoru

Stages in the development of cancer

The development of a tumour is initiated by a change in the genetic material

radiation, PAH . _ - . ;
in one of the cell nuclei, usually caused by radiation or a reactive chemical substance.

metabolite etc.

For the process to continue, a chemical influence of another kind, known
as promotion, is also necessary. This influence may for example result in the
channels in the cell membranes disappearing, impeding the chemical

exchange of information between cells.

In healthy tissue,
cells are linked by

Neighbouring cells are thus no longer able to
prevent the damaged cell from starting to divide
and produce copies of itself.

channels through
their membranes,
and all the nuclei

contain the same If promotion continues for a long

genetic informa- time, it can result in precur-

tion. sors of cancer, in the form

of clusters of cells with

altered characteris-

2. Promotion -
tICS.

dioxin

dioxin-like PCB

The altered tissue can

1 haninn tiumaiir
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Receptory a specifické proteiny zapojené do
echani - &inki POPs

Receptors Ligands Effects
Ah (Aryl hydrocarbon) | PCDD/Fs, PCB non-ortho, CYP 1A1, 1A2 induction
PAHs,
PB (CAR — constitutive | Ortho-sustituted PCBs, CYP 2B induction

androstane receptor) Chlordane, HCH

ER (estradiol receptor) | DDT, DDE, Chlordane, PCB | Modulation of stéroid hormones
ortho, PAHs= agonists
PCDD/F and PCB non-
ortho, Lindane= Antagonists

RyR (Ryanodine PCB ortho Disruption of Ca2+ regulation,
receptor in brain) Alteration of nervous system
functions, signal transduction
and immuno-competent cells

TTR (Trans-thyretin, PCB-OH ortho Thyroxine deficiency, growth and
T4 carrier protein) developmental disorders
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Schématicky diagram cytotoxicity POPs

Fatty Acids POPs

N/
@ Y GSH {vit @

—\ 117

OXIDATIVE STRESS

LTX and LLTX diol >1

Endothelial Cell Dysfunction |
_|

Cyp 450 and fatty acid metabolism appear to be critical in contributing to an overall cellular
imbalance in the oxidative stress/antioxidant status. The synergistic toxicity of
linoleic acid and POPs could be mediated by cytotoxic leukotoxins and the
bioactivation of leukotoxins to their diol metabolites
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Fig 1. The macromolecular complex of a Ca®" release unit (CRU)
showing key protein:protein interactions. Four protomeric
complexes assemble to make up one functional CRU.
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Interakce POPs

s receptory

Fig I. Receptor-mediated mechanisms of steroid hormone action

o

Homono Respomo
- )6 OV “L":,'
Fig 2: Consequences of inferactions of chemicals
with hormone receptors
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Estrogeny

Oestrogenic compounds

A natural oestrogen

The phenol group at
one end of an oestro-
gen molecule is

decisive to its hor-

monal effect. Phenol [

E NATURAL ESTROGENS SYNTHETIC ESTROGENS

groups are also found - sex steroids

in many pcrsistent g-estradiol OH estrone o diethylstilbestrol (DES)  hexestrol

\ 17
. N . : E2)
organic pollutants or - /@/ i O on O o
their metabolites, / O =
phenol group - Ho % Ho H
H

especially if they are

moderately halogen-
ated, and oestrogenic
effects are therefore a
fairly widespread
property among such
substances. A nonyl-
phenol molecule is
shown here as an

example.
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Estrogeny

PCB metabolites
& ¢l o PESTICIDES (and metabohtes)
’ cl
cl cl o
Figure 5 (cont'd) Chemical structure of known estrogenic substances. cal CHCl
O ? cal,
cl
methoxychlor monophenol methoxychlor bispheno| methoxychlor
OCH;
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Estrogeny v Zivotnim prostfedi

Mnoho pfirodnich i clovékem vyrobenych chemickych latek
vyskytujicich se v Zivotnim prostfedi vykazuje estrogenni
aktivitu.

% Environmentalni estrogeny - maji vliv na vyvoj a fyziologii organismu
velice shodny s estrogenni kontrolou reprodukce organismaii.

% Rostlinny pavod - fytoestrogeny (kumestrol, genistein),

% Antropogennich zdroje - pesticidy nebo odpadni produkty pfi riiznych
vyrobnich procesech (0,p"-DDT, polychlorované bifenyly, atd).

Kontaminace organismu je dana pfevazné potravou.
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Estrogeny v Zivotnim prostfedi

Environmentalni estrogeny iniciuji sviij uCinek v Zivém
organismu podobné jako endoestrogeny interakci s jadernym
receptorovym systémem.

Vysledny estrogen-receptorovy komplex interaguje s
nukleotidovou sekvenci znamou jako ,estrogen response
elements* (EREs), a tim zahaji transkripci DNA.

Tedy vSechny estrogeny (environmentalni i vnitfni) ptisobi pfes
receptor tak, Ze ho z neaktivni formy pfevedou na aktivni.
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Endocrine and related organs in man E Stfogeny \V4 iivotnim prosti’_‘ed]{

pituitary
gland

_ thyroid gland

thymus =

adrenal glands
pancreas

kidneys ‘ (‘\/)

ovaries

testicles

In human beings, the true endocrine (hormone-
producing) glands include the pituitary, thyroid and
adrenal glands, parts of the pancreas, and the ovaries
and testicles, but the thymus and kidneys also play

important roles in the hormone system.
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Toxicita environmentalnich estrogent

Prvni, nejbéZnéjsi, typ toxicity je dan vazbou
environmentalnich estrogenti na estrogenovy receptor a
naslednou zvySenou estrogenni odpovédi.

Toxicita se v tomto pfipadé projevi hyperestrogenismem,
nadmérnymi fyziologickymi efekty estrogennich hormont.

Druhy typ toxicity se spiSe uplatni chemické vlastnosti

environmentalnich estrogent nez hormonalni. Je to napf.
tvorba DNA aduktil.

Tteti typ toxicity environmentalnich estrogenu je dan
nerovnovaznou estrogenni odpovédi v cilové tkani.
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Toxicita environmentalnich estrogent

Nastava dvéma zpusoby:

%  Bud’ se environmentalni estrogen vaZe na receptot, ale
vysledna konformace je odliSna od konformace vzniklé s
vhnitfnim estrogenem, Cili transkripce i vysledny efekt jsou
odlisné.

% Nebo estrogenni odpovédi mohou vykazovat rozdilné davka-
odpoveéd’ zavislosti.

Estrogeny jsou hormony samiciho pohlavi, ale i samci pohlavi je
kromé hlavniho hormonu androgenu také dokaze
syntetizovat, avSak jeho funkce a cilové organy jeho ptusobeni
nejsou zcela objasnény.
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Toxicita environmentalnich estrogent

Hodnoceni vstupu environmentalnich estrogenti do organismu:

Vstup a pfijem environmentalnich estrogent muzZe byt urCen na
zakladé tzv. estrogennich ekvivalentt (EQ).

Estrogenni ekvivalent smési je roven souctu koncentraci (EC)
jednotlivych latek vynasobenych jejich estrogenni potenci
(EP), ktera je vztaZena na standard (diethylstilbestrol nebo
17PB-estradiol):

EQ = T (ECi * EPi)

(podobné jako TCDD ekvivalenty).
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Struktury riznych estrogent

Pfirodni estrogeny - 17b-estradiol

Syntetické estrogeny - diethylstilbestrol
OH

\OH
AN

A 7
HO J\/ HO J\/

Pfirodni produkty - kumestrol

OH
- C
HO o HO o

Pesticidy - 0 -DDT

Kontaminanty potravin - equol

o8

Komeréni chemikalie - bisfenol A

SN H,C CH,
Cl Cl OH
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cl )\/ )
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