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Toxikologie

Toxikologie — studium nepfiznivych Géinka jedt na lidi, zvifata a prostiedi (dle Society
of Toxicology, http://www.toxicology.org/)

Jed = chemicky, fyzikalni, biologicky &initel

Toxicky = nezidouci, neptiznivy

Toxicita — sekvence udalosti (expozice, distribuce, metabolismus, interakce s
intracellularnimi molekulami) = resi , Toxikolog”

,» All things are poison and nothing is without poison, only the
dose permits something not to be poisonous.” — Paracelsus,

Philippus Aureolus Theophrastus Bombastus von Hohenheim —
1493-1541)



http://www.toxicology.org/
http://www.toxicology.org/
http://www.toxicology.org/
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Toxikologie

Akutni toxicita — toxické ucinky které se vyskytnou Exposure
béhem 24 h ®.
W,
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Subchronicka toxicita — uréeni mozného ]
kumulativniho ucinku na tkané a metabolismu R

béhem nékolika mésict az 1 roku (vétsinou cca 90
dni)
chronic )

Chronicka toxicita — nepriznivé ucinky vyskytujici
se po delSi dobu expozice toxickému Cinidlu (u
zvirat obvykle po celou dobu jejich zivota)

Peroralni — vstup skrze GIT

Intravenosni — vstup skrze injekci do Zily

Intramuskularni — vstup skrze injekci do svalu

F

ap > =
Intraperitonealni — vstup skrze injekci do 7
abdomindlni dutiny/tekutiny
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Clenéni toxikologie

Klinicka toxikologie — prevence/diagndza/zvladnuti otrav v nemocnicich

Forenzni toxikologie — analyza biologickych vzork( na pritomnost |éCiv ¢i toxickych
latek ve vztahu s prosazovanim prava

Pracovni toxikologie — identifikace latek ve vztahu k pracovnimu prostredi, definice
podminek pro bezpecné uzivani a prevence absorbce Skodlivych mnozstvi

Environmentalni toxikologie — Skodlivé vlivy [atek na zivé organismy, zvirata a lidi

Regulacni toxikologie — sbér/zpracovani a zhodnoceni dat za ucelem ochrany ¢lovéka
pre Skodlivymi ucinky chemickych latek

Ekotoxikologie — zabyva se dopadem na populace Zivych organismu uvnitr
definovaného ekosystému

Potravni toxikologie (Toxikologie potravin) — vyskyt a dopad toxickych latek
pritomnych v potraveé



Kvantitativni pojeti — davka-odpoved
(Dose response)
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- Odpovéd na jednu davku !!!!

- Velikost davky urcuje tcinek
- Vznika nejistota
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Kvantitativni pojeti —Dose response

Linear Scale Semilog Scale
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Kvantitativni pojeti —Dose response

100 - NOAEL — nejvyssi koncentrace,
kde neni pozorovan toxicky ucinek
& LOAEL - LOAEL — nejnizsi davka,

5 10 15 20 25 30 35

Dose (ma/kg) denni expozice slouceniny o které se ocekava
Response Ze je bez nezadouciho dopadu na lidské zdravi.
Desired Side 100 — TOXIC EFFECTS other than cancer
Effect Effect
90 —
NOEL 10
~ 80 — ADI = B — @ 0.1
. Safety factor 100 (107)
£ 70 -
® 60
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Pro potravni doplniky, 7]
| |

primyslové vyuzivané
latky, apod.

pro kterou byla pozorovana toxicita

ADI (acceptable daily intake) — odhad hladiny

10" 1 10 100
Dose (log scale) (mg/kg/day)

1000
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Percentage of Individuals Responding

Kvantitativni pojeti —Dose response

Morfin ED = ucinnd davka (efficient dose)
LD = smrtelna davka (lethal dose)
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http://pex.referata.com/wiki/Dose-Effect_Relationships
http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCIioq9OU38YCFUuyFAodlcgAOw&url=http://pharmacologycorner.com/therapeutic-index/&ei=sWGnVciLD8vkUpWRg9gD&bvm=bv.97949915,d.d24&psig=AFQjCNGqiXY2aXieNFfviF05iGRKRJqNxw&ust=1437119213953882

Kvantitativni pojeti —Dose response
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Faktory ovlivnujici toxicitu (ADME)

Flasma Protein
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Faktory ovlivnujici toxicitu (ADME)

Absorpce - vstup pres lipidové dvojvrstvy membrany
- diféize (jednoducha) — lipofilita
- usnadnéna diftize (zprostredkovana transportéry)

- ionizace (Henderson-Hasselbachova rovnice)
- aktivni transport

Pearson Education

Inc., publishing as Benjamin Cummings.

Diffusion

> Passive transport

Facilitated diffusion

Active transport

pH=pK; + log

For acids: pH = pK; + log

For bases: pH = pK, + log

[nonprotonated species)

[protonated species)

(A1

(HA]

(B]

[BH')
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Faktory ovlivnujici toxicitu (ADME)

Distribuce - vysledné rozmisténi xenobiotik do tkani

- Vazba na proteiny

- Afinita k tukdm (DDT, sodium thiopental)

- Afinita k specifickym tkanim
(kostni tkan — Sr, Ra, F; jatra, ledviny — Cd?*)
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Faktory ovlivnujici toxicitu (ADME)

Biotransformace - zivym systémem katalyzovana chemicka konverze

Faze |. — oxidace, hydrolyza, redukce, dealkylace

Faze Il. — konjugace
,Faze llL.“ - transport C|JH 'C]JSO:;H
‘H ¥ Phase 1 ,— | Phase 2 [ i
Fazel.—-CYP1A1/1A2/2A6/2B6/2C9/2D6/2E1/3A4, 5
FMO, Alkohol dehydrogenaza, atd. benzene phenal phemyl sulfate

Faze Il. - UGT1A1/1A4/1A6/1A9/2B7/2B10/2B15/2B17,
SULT1A1/1E1, GSTA1/M1/T1, NACT, atd.

,Faze lll.“ — OATPs, MDRs, atd.

Regulace - transkripéné — AhR/PXR/CAR/GR/VDR/HNF4al, atd.
- post-transkripéné — UGT1A1/CYP1B1 — pomoci miRNA
- post-translacné — UGT2B7 - glykosylace
- stabilizaci substratem — CYP2E1
- polymorfismy — CYP2D6, atd.
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Faktory ovlivnujici toxicitu (ADME)

Eliminace - jatra — do Zluce
- ledviny — ve vodeé rozpustné do modi
- plice — tékavé (halothan)

- pokozka - tékavé
- sliny -
- mléko — lipofilni (DDT, pesticidy)



https://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKK5heOM8ccCFYm8FAodwq0IJg&url=https://www.sccollege.edu/StudentServices/HealthWellnessCenter/AlcoholEffects/Pages/Liver.aspx&bvm=bv.102537793,d.d24&psig=AFQjCNGxi3RDJzTv_9QKPmiOjrg-Usym6Q&ust=1442133682536042
http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOy3n-6M8ccCFck-FAodcocE4w&url=http://www.telegraph.co.uk/news/worldnews/australiaandthepacific/australia/10520058/Kidney-grown-from-stem-cells-by-Australian-scientists.html&bvm=bv.102537793,d.d24&psig=AFQjCNHaPaJDojRiL4mK49EZV5DjyqihJw&ust=1442133708097593
http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCL_63_mM8ccCFQa2FAodZcUH9Q&url=http://blogs.egusd.net/eettalfonso/2014/03/26/lungs-stage-1-of-respiration/&bvm=bv.102537793,d.d24&psig=AFQjCNHxYjzhoQtyTlQmFdK4tcQYW4NOyw&ust=1442133729015727
http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLPH8qyN8ccCFYfxFAod2EkEjg&url=http://mom.girlstalkinsmack.com/family/good-foods-that-you-need-to-be-cautious-in-feeding-babies.aspx&bvm=bv.102537793,d.d24&psig=AFQjCNFl9-EZ3RA5mvc3lxXLIBEcsuvYTw&ust=1442133775778755
http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJuC77mN8ccCFYfvFAodntUAXA&url=http://www.rxdentistry.net/2010/12/saliva-test-your-knowlegde.html&bvm=bv.102537793,d.d24&psig=AFQjCNETNbxNUyHWFv4ncOPd-fsOryR3sA&ust=1442133863191197
https://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJG-wMmN8ccCFUa0FAodgMEB2Q&url=https://stephanies.com.au/blog/tag/synergie-skin/&bvm=bv.102537793,d.d24&psig=AFQjCNHl5rH7KJFEnSFoNcIaW-Fky9MNqw&ust=1442133893025655

Klasifikace toxickych sloucenin:

Toxikologie

- Dle cilového organu — napt. nefrotoxikanty, endokrinni disruptory

- Dle pouziti ¢i bézného mista vyskytu — napr. pesticidy, mykotoxiny

- Dle struktury — napft. PAH, organofosfaty

- Dle mechanismu ucinku — napt. inhibitory AChE, induktory clearence

Stanoveni toxickych sloucenin:
- GC

- HPLC

- TLC

Extrakce, destilace

Carrier Detector

Injector

HPLC System

1 Solvent

Data

—

H—
: i, min
HPLC Column
pressure
control Data mInjector
system @
Detector

Waste 3

Solvent: Gil
Solute: Monpaolar

Solvent:Water

Solute:lonke, polar

Solvent:Water
Solute: lonic, polar

Solvent: Chloroform
Solute: Nenpaolar
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Tkanove cilené toxicity
Hematotoxicita \

CO — vazba na Hb — Terapie: hyperbaricky
kyslik

KYANID — vazba na Hb — Terapie: Thiosiran
sodny, dusitan sodny

H,S — vazba na Hb — Terapie: Amyl nitrit,
dusitan sodny

I’ valparin
°°‘°§f§fad

Dusiénany/dusitany/chloreénany — tvorba Mefyidopd a e

MetHb — terapie: methylenova modr e = 500mg

Léky potlacujici funkci kostni drené —
methyldopa, kyselina valproova, allopurinol .
Allopurinol =

Warfarin — inhibice tvorby faktord srazlivosti S———
— Terapie: vitamin K
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Tkanove cilené toxicity
Hepatotoxicita

CCl4 — peroxidace lipid( a vznik aduktt
s DNA - Terapie: hyperbaricky kyslik

EtOH - induktor zanétu, tvorba ROS —

Terapie: )
N

Bromobenzen — tvorba epoxidl a
kovalentnich adukt( — Terapie: ???
DMSQ???

19 Powder

for effective relief from the symptons of cold & fly
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Acetaminofen - tvorba kovalentnich
aduktl — Terapie: N-acetylcystein
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Tkanove cilené toxicity

Nefrotoxicita

Renal artery

Capsule

Aarta Papilla

kovy — Cd, Hg, Pb - vazba na SH Post cava
skupiny proteinli — Terapie: EDTA, Ureter

Minor calyx

Major calyx

Cortex

Aminoglykosidy - streptomycin,
kanamycin, neomycin — vazba na Bladder
aniontoveé fosfolipidy v membrané —
Terapie:

Renal pyramid

Renal column

Renal pelvis
Urethra

CisPlatina — tvorba aduktl s DNA l

Amphotercin B ;
Fo iggion USP T

Photericin B | :
FOR INTRAVEROUS LIS Lvehnierisis f
SIMGLE USE VIAL "'fw'.fiu.:f Wiy
o lrorhi 5 ’
RO AN Injection f
Qddll 50 mg/50 mL |
" DOS WTRTES »
Ay o o SUSEONLY 1 it AR
Cipla A



Tkanove cilené toxicity
Neurotoxicita

MPTP — vznik ROS a energeticka krize = parkinsonismus

Vinca Alkaloidy — disrupce mikrotubult

Hexan — tvorba adukt( s neurofilamenty

Glutamat — aktivace signalnich drah nadbytkem Ca2+

Organofosfaty (Parathion, Methylthion) — inhibice AChE —
Terapie: Atropin + oximoveé slouceniny

Karbamaty (Carbaryl) - inhibice AChE - Terapie: Atropin +
oximove slouceniny

Botulin — inhibice uvolnéni acetylcholinu

Tetradotoxin — inhibice Na+ kanalu
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Tkanove cilene toxicity

Pulmonotoxicita

- Azbest, Al prach — fibrdza, rakovina
- NH;, Cl, - drazdéni, edém Ci infekce

- Koureni —vznik adukt a ROS

- lpomeanol — poskozeni plic u dobytka

- Spory hub na vlhkém sené — chronicka
bronchitida

- Paraquat — peroxidace membran
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Tkanove cilené toxicity
Imunotoxicita

- Hypersensitivita - poskozujici reakce imunitniho systému
(alergie)

-TYP I. - Atopie — okamzita reakce na alergen (vCeli bodnuti)

- TYP Il. — tvorba novych antigenU napf. Iéky

- TYP Ill. — hromadéni komplext antigen-protilatka v tkanich

-TYP IV. — aktivované T-lymfocyty aktivuji makrofagy

Alergicka kontaktni dermatitida - pracovni problém —
typ IV. — opakovanad expozice |latkdm v pracovnim prostredi

- Respiracni alergeny - latex, prach

ORGANS OF THE
IMMUNE SYSTEM

TONSILS AND ADENDIDS —— &

oby = LYMPH NODES
7 LYMPHATIC VESSELS
THYMUS &
LYMPH NODES — %25 2
»—— SPLEEN
ol | kl 2 PEYER'S PATCHES

LYMPH NODES
LYMPHATIC VESSELS

BONE MARROW ——=2 %’” ?\
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The Endocrine System

Tkanove cilenée toxicity  — ¢ "=

Pituitary gland

Thyroid gland

Toxicita endokrinniho systému |
(\.’. ‘) Adrenal glands

- Receptorova teorie — agonista/antagonista
- Diethylstilbestrol — agonista ER = gynekomastie
- Flavonoidy, PCBs — antagonisté ER =» defeminizace
- Cimetidin, hyroxyflutamid — antagonisté AR =» demaskulinizace
- Fadrozol, anastrozol — inhibice Aromatazy - bmwl
- Fenobarbital — induktor clearence i el '
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Tkanove cilené toxicity
Dermatotoxicita

- Kontaktni dermatitida - iritacni - napf. kyseliny,
zasady, organicka rozpoustédla
- alergicka — typ IV. — kozené
rukavice, krémy, Sampony — minimalni mnozstvi !!!!

Patch test (epikutanni/kozni naplastovy test) — k
identifikace alergent

_ - Dioxiny =» Chlorakné
‘\ - Porfyrie — dédi¢né
i - Urticaria — aspirin
| - Poruchy pigmentace — kovy, uhelny dehet, fenoly
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Kancerogeneze

Rakovina - skupina chorob, kde bunky vykazuji nekontrolovany rust, invazi do
ostatnich tkani, kde pripadné vytvareji nova mista nekontrolovatelného rustu
(metastazovani)

- vék + genotyp
- strava

- Zivotni styl
- expozice exogennim slou¢eninam/radiaci

Iniciace — mutace v jednom ¢i vice genech kontrolujici proliferaci (onkogeny/ tumor
supresory)

0 o H3C\ ‘ NH-
Aflatoxin B, M /N—-—-N=O ‘

= H,C
[ J\v | . 3 . i HN Benzidine
o Z ocw, Dimethylnitrosamine
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Kancerogeneze

Propagace (Promotion) — indukce
rastového posileni u iniciované buriky —
epigeneticky krok — mitogenni Cinidla

Cl O Cl

g/\\o Phorbol ester
TCDD
saccharin
Postup (Progression) — nevratny krok majici za DNfA
nasledek dalsi stupen nezavislosti tumoru, tagel
. L. L, ., Initiation & (T
invazivitu, metastazovani A Lk, ¥ nitator y Promoter
- sekrece chemoatraktantt, faktor( ey
angiogeneze a proteaz ¢ ' N dutaur
\ *- i3 : Stage /_f‘"f: VV_VD-a;)il.oma + * + * * ¥ No tumour
""\;\m > 4 Prt/)monon{//C/AiL_x_i\?\o} * + * * + * * Papilloma
¢ * * * + + + * No tumour
siiobtasiok oS . I L L [NE. . JNY .
\ ¢ /7 Carcinoma
ML\ Stage 3 p l"'»—..,/_(,‘ >
) Progression { = \“I*k Time
7 f_’./{’i“\\ - "’\ L’_\‘ = "\‘
Vldkna azbestu Benzen
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Kancerogeneze

Dietni doporuceni pro prevenci rakoviny (USDA, DHHS)
- snizeni prijmu tukd na 30% kalorii ¢i méné (tuk = propagator)
- narUst prijmu vlakniny na 20-30g/den
- zahrnout ovoce, zeleninu, fazole a celozrnné pecivo
- vwhybat se obezité
- umirnéna konzumace alkoholu
- omezeni nasolenych, marinovanych, uzenych potravin

|

2015 Dietary Guidelines Advisory Committee
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