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Nefrotoxicita l.

- Kortex — glomerulus, proximalni, distalni tubulus
- Medulla — Henleho kli¢ka, sbérné kanalky
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Nefrotoxicita Il.

Krev privadéna renalni arterii.
Funkcni jednotka = nefron
- sit’ kapilar = glomerulus

- vysoky tlak krve =
prestup pory glomerulu a sbér v
Bowmanové vacku (voda, glukosa,

/

tubule

= AK, mocovina, cizi slou¢eniny) —
» - proximalni tubul - —
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§ stoupajici casti Zbyly material ve filtratu = mo¢
c

Tento projekt je spolufinancovan Evropskym socialnim fondem a statnim rozpoétem Ceské republiky.



Nefrotoxicita lll.

- Transport obehovym systémem

- rozpustné latky difusi a cirkulaci k mistiim eliminace

- lipofilni latky — vazba na proteiny Ci lipoproteiny — v miste
eliminace difuse k membranam c¢i vazba na receptory membrany s
proteinem (endocytosa) a intracelularni procesy vedouci k eliminaci

) . Diagram of Kidney
Ledviny — mista
. . v Adrenal gland
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Nefrotoxicita IV.

Ledviny - dostavaji 25% kardialniho vystupu — pfisun xenobiotik
- schopnost koncentrovat tubularni kapalinu

- biotransformace — podobné jatrum - (acetaminofen,
bromobenzen, chloroform, tetrachlomethan)

- P450 — proximalni tubul = tvorba reaktivnich metabolitt —
Interakce s makromolekulami

KOVY - v nizkych koncentracich
— aminoacidurie, glukosurie, Aluminium

po | yu rie Brass I /Cast Iron
- akumulace v lysosomech

i

- ve vysSsich koncentracich —
renalni nekrosa, anurie, zvyseny
BUN (blood-urea-nitrogen)
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Nefrotoxicita V.

Cd - jidlo, prach, kouf, koufeni

- Japonsko - Itai-Itai — ryze z pidy s vysokym
obsahem Cd

- anémie, poskozeni proximalnich tubul, ztrata
kosti a mineralu

- exkrece spolu s metalothioneninem (-SH
skupiny)

-10-12 let je polo€as u ¢lovéka
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Nefrotoxicita VI.

PDb - barvy, voda, jidlo, prach, olovnaty benzin
- absorpce proximalnimi tubuly, inhibice mitochondrii

- komplexy s kyselymi proteiny tvori inklusni téliska tubularnich
epitelialnich bunék

HQg — vazba na —SH skupiny membranovych proteini — inhibice Na*
reabsorbce = diuretikum (20.- 60.l1éta 20. st. v klinické praxi organické
komplexy s Hg)
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Nefrotoxicita VII.

Aminoglykosidy —  streptomycin,
neomycin, kanamycin

- polarni kationty reabsorbovany vazbou na
aniontové fosfolipidy v membrané s
naslednou endocytosou a uschovanim v
lysosomu

- prekro€eni kapacity lysosomu -— wyliti
enzymu a nekrosa

Amfotericin B — (polymyciny) vazba na fosfolipidy membrany
a rozruseni integrity

Ampnolerin B o R S

For o USP L El Wr Bk  LEL .
' e P

K%

evropsky
socialni
fond v CR

on

I\H
. = — ~
Photericin B | SN
FOR INTRAVEROUS USE brehoiorioi B O =&
SINGLE USE VIAL RIGIUIRATY | N
Ear lersstinn K5 Al o)
OP Vzdélavani i | WAl W amphotericin B
pro konkurenceschopnost phot ' i : '
INVESTICE "zgm':u:ﬁ
DO ROZVOJE Sole
VZDELAVANI Cipla .

Investice dorozvoje vzdélavani

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.



Nefrotoxicita VIII. o ey
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c . o Cisplatin uptake by - Vascuiar THRED
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NSAIDs — acetaminofen, Diclofenac — Indie - umrtnost supti po

konzumaci mrsin domaciho zvirectva — nalezy krystall uratu a
nekrosa endotelia proximalnich tubul
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Nefrotoxicita IX. L

Hexachlorbutadien — B e
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Neurotoxicita l.

= Schopnost latky nepriznivé ovlivhovat strukturni a funkéni integritu
nervového systému

Zmeéna v nervovém systému
- disledek interakce s normalnimi signalizaénimi mechanismy
- dasledek strukturalni zmény
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Brain

Neurotoxicita Il.

Cerebellum
; f Spinal cord
Brachial plexus —/-/ g
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Neurotoxicita Ill.

Neuron - prijima, vede, vysila informace — polarizovana burka
- obklopen astrocyty, mikrogliemi, oligodendrocyty,
ependymovymi bunkami
- pfenos elektrickych impulst

-biochemicky diferencované — sekrece:
acetylcholin, dopamin, serotonin, gama-
aminomaselna (GABA)

)
.n
Axon hillock———= / '\}:_.V
P . &
Initial segment of axon -~ |

- 3 ¢asti = télo (soma), dendrity, axon

\——Axon
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-Soma - biosyntéza, metabolismus
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—— Myelin sheath

-Dendrity — prijimaji signaly a prenaseji je
do téla neuronu

-Axon (neurit) — pouze 1, odvadi impuls
/","&\\\ od téla neuronu, milimetry az metr na
délku, transport latek
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Neurotoxicita IV.

Synapse - Konec axonu - synapticka cibulka
\% won - Mezera mezi cibulkou a dal$im
\@ i synaptic vesicles neuronem = synapse (cca. 20 mm)
synapse

7 V kazdé synaptické cibulce - cca 500
membranové vazanych vacku

) obsahujici jeden druh molekul —
neurotransmitery

A Transportovany na konec axonu,
naumtranimlﬂa;_.:,-_f_f\\ ‘h--"d'l}“d"lnﬁ SyntetiZOVény v téle neuronu.
""“-facaptur O
HoN
2 MDH
GABA
OH H HO .
N 0O \ / serotonin
(R +
HO l
OH acetylcholin NH
adrenalin i 2
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Neurotoxicita V.

Oligodendrocyte

Myelinated axon

Myelin sheath (cut)

Microglia

Neuron

Astrocyte

Capillary

—— Ependymal

cells

— ventricle of
prain

Tento projekt je spolufinancovan Evropskym socialnim fondem a statnim rozpoétem Ceské republiky.



K%

evropsky
socialni
fond v CR

OP Vzdélavani
pro konkurenceschopnost

INVESTICE

DO ROZVOJE
VZDELAVANI

Investice dorozvoje vzdélavani

=

Regting pote ntial

Neurotoxicita VI.

Klidovy membranovy potencial - slozen z koncentraénich
gradientd iontu (Na* ,Cl- ,K*) — napét'ové rizené kanaly (voltage gated
channel)

Akcni potencial = maximalni odpovéd’ na otevieni napétové
Fizeného kanalu .Y
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Neurotoxicita VIl. - MPTP Meperidine (3

50 mg/mL  Ronly |
FOR IM, SC OR SLOW IV USE |
1 mL DOSETTE Ampul |

-1976 — syntéze ,,nového heroinu“ — meperidin ___f;%?: ,
- v dusledku necistot — symptomy Parkinsonismu ™ 462 - 087.- Q0 |
= Pomalé pohyby, tres, ztuhlé rysy \VOID .
-Lééba L-DOPA = zlepseni stavu

= Smrt dopaminergnich neuronu
(substantia nigra)

Parkinson's Disease
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Neurotoxicita VIIl.- MPTP
Q e

MPTP (1-methyl-4-fenyl-1,2,3,6- |

O
w )

tetrahydropyridin) Giood ran_ 2= O

MPP+ (1-methyl-4-phenylpyridine)

@
’ Enzymes

MAO-B — monoamin oxidasa — Y o
kriticka (zanedbatelna exprese u krys) " Q

kDF‘ ATH

K%
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MPP™* Blocks electron
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»"./‘ .
Mitrochondria |

ke i
’\Kz'?‘l DAT — dopaminovy transporter — — j,i-
vysoka exprese v substantia nigra werr” ppt
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MPP+ - inhibice complexu | v mitochondriich = ROS + energeticka
krize
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Neurotoxicita IX.

Typy neuronalnich poskozeni

Demyel Inace - svalova slabost, Spatna koordinace, paralyza

- hexachlorofen, isoniazid, organotin — naruseni integrity

integritu myelinové pochvy

- styren, xylen, trichlorethylen (v suseni) — pfimo

poskozuji myelin tvorici bunky
- tellur — inhibice enzymu syntetizujici cholesterol

- kyanid, olovo, CO — poskozeni oligodendrocytt a

Schwannovych bunék (tvorba myelinu v PNS)
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Neurotoxicita X.

Peripheral nerve regeneration

Axonopatie -

degenerace axonu,
télo intaktni

- senzorické zmeény

jako prvni, brnéni, '

necitlivost e
M

-1850 — Augustus !

Waller - sekvence
udalosti nasledujici po
preruseni nervového

Neuronal
survival

Synthesis of
growth-promoting
molecules

N

l

Signalintegration at
the growth cone

3

A
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h i
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il Y]
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B [ Qo

Problems:

Neuroma
formation

Lackoflong
distance
regeneration

|
vlakna = bobtnani, i~
rozpusténi, proliferace | {9
|
\V/ b
Tf‘viF-".' yc'!i —— e
{aas dRaads
Wallerian Schwann cell
degeneration proliferation

Regeneration and Remyelination
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Neurotoxicita Xl. - axonopatie

- Lyndol (triorthokresyl fosfat fe
obsahuijici olej) — padélani Ginger }! M-l
Jake za prohibice v USA
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CH, CH,
Tri-o-tolyl phosphate

Tri-o-cresyl phosphate
TOCP

- l
> & iy
Ef - interference s axonalnim transportem Y
- © —vinca alkaloidy (vinblastin, vinkristin) ‘@“
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(o) SH NH,
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INVESTICE 7)) , o i
VOELAANT | - hexan — tvorba kovalentnich adukti s neurofilamenty
c
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Neurotoxicita XllI.

Neuronopatie — poskozeni neuronu s primarnim zasazenim
téla — apoptosa, nekrosa

- glutamat a jiné excitacni aminokyseliny — aktivace iontovych
kanalli = influx iontli = zahlceni Ca?* — aktivace signalnich
kaskad s tvorbou ROS

- kyselina domoova (agonista glutamatového receptoru) —
Kanada, 1987, konzumace modrych slavek — smrt, zavraté
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Neurotoxicita XlllI.

Bunky tvorici myelinovou pochvu — syntéza cholesterolu —
hydrofobni podstata — skladisté lipofilnich skodlivin

-Kovy — Pb, Cd, Al — indukce bunécné smrti v astrocytech

-Metyirtut’ (CH;Hg)— akumulace v astrocytech a mikrogliich -
bobtnani — interference s iontovymi kanaly

.,
R s
),77/_/ \_/ L_\‘

AN L

A

Neuron with myelin Neuron with damaged
sheath myelin sheath
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Neurotoxicita XV.
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a organofosfaty

Investice dorozvoje vzdélavani

Reactivation of
acetylcholinesterase Serine in active site of

- atropin — blokace vazby acetylcholinu na meeannee G restrase conugateawin

_ ralidoxime). GB(nred)
muskarinovy receptor — neutralizace e 0
cholinergni aktivace — neucinkuje na :
nikotinové receptory o b
: . NS L
- oximové slouéeniny (pralidoxim, 2-PAM) — P be
kvarterni dusik vazici se na misto vazby
cholinu — reakce s kovalentni vazbou i
fosfoserinu a uvolnéni fosfatu — ‘
administrace brzy po intoxikaci, neuc¢inné R
proti karbamatim L, fecdmomene
| N\ \N/OC:;P\/th\EE/CFb — Degradation
/ . .
A5 ananewe st

£ /PAALIDOXIME! CHILORIDE (INJ
g g i Fows IN NENVE'AGENT, D

25 molml i i) sk L) LLMOVECERAY)
et i i

- ATROPINEIVJICTION 2 foqmiantaxtyiss
1 REMOVE YELLOW eATETY 3

| KitMark1

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.



Neurotoxicita XVI.

Inhibice uvolnéni neurotransmiteru do Botulinum toxin
synapse :

- botulin (Clostridium botulinum) — proteaza stépici
proteiny zahrnuté ve fuzi synaptickych vackua s
membranou — nedochazi k uvolnéni acetylcholinu
= sval nemize kontrahovat = paralyza
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Neurotoxicita XVII.

- tetanospasmin (tetanus) — asociace s endosomy — transport do téla

neuronu - pak do dendriti kde je uvolnén — zabranuje uvolnéni

glycinu a GABA = hyperaktivita = krece, ztuhlost, celkova paralyza
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Jak pozname nepriznivé ucinky
na CNS ?
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testovani v
hlodavcich —
panel k
zhodnoceni

senzorickych,
motorickych a

autonomnich

reflexa (FOB —

functional
observational
battery)
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Testovani neurotoxicity

Domain

Analysis

Test

Task

Psychomotor
performance

Perceptual coding
and perceptual
motor speed

Attention and
short-term
memory

Mood and affect

Motor speed,
motor steadiness

Manual dexterity,
hand—eve
coordination

Attention and
response speed

Visual perception
and memory
Auditory memory

Pursuit aiming

Santa Ana
Deexterity Test

Wechsler Digit
Symbol Test

Simple reaction
time

Benton Visual
Retention Test

Wechsler Digit
Span Test

Profile of Mood
States

Follow a pattern of small
circles, placing a dot
in each circle around a
pattern; subject’s score
is number of taps in
circle within one
minute.

Perform skillful
movements with hands
and arms.

Each number in a list is
associated with a
simple symbol. On a
list of random digits
with blank spaces
below them, write the
correct symbols in
blank spaces as fast as
possible.

Test reactions of hands
or feet from visual and
auditory signals.

Recall and reproduce
figures.

Recall digits in series
forwards and
backwards
immediately after
hearing them.

Evaluate, by
questionnaire, anger,
tension, confusion,
depression, elc.

Baterie neurobehavioralnich testu dle WHO



Testovani neurotoxicity

In vivo testy na lidech

— mentalni statut (uvédomeéni, orientace, nalada) a senzorimotorickeé
funkce (koordinace, reflexy, citlivost na dotek)
- epidemiologické studie (neuroimaging, neuropsychologické
evaluace) - vyhodnoceni chovani (nalada, pozornost, pameét)

In vivo testy na zviratech — pouziti zvirat, zejména hlodavcu
- neurobehavioralni testy (ztrata paméti, motivaéni defekty)

- motoricka aktivita — pohyb zvirete v otevieném prostoru i
bludisti (toluen, chlorované uhlovodiky — zména motorické
aktivity)
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In vitro Histologie a Neurochemie — doplnék k in vivo testiim
(postmortem)

- shér télesnych tekutin — hladiny AChE, neurotransmitert i
hormonu, detekce pritomnosti toxikantu v mozkomisni tekutiné

- ztrata imunoreaktivity na tyrosin hydroxylasu se pouziva k
identifikaci dopaminergni bunééné smrti po expozici MPTP
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