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Hematotoxicita
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- Studium nepriznivych Gcinku na krev a krvetvorné tkané
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Hematotoxicita ll.

Hematopoesa

Kostni dren - Gelovita tkan - dutina kosti

- v dospélosti — lebka, obratle, rameno, panevni a hrudni kost
- stroma (fibroblasty, makrofagy, ..)

- extracellularni matrix (kolagen, hyaluronat,..)
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Hematotoxicita ll.
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- Stimulace hematopoetiny — Erythropoetin, Thrombopoetin,
cytokiny a granulocytarni kolonie stimulujici faktor
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Hematotoxicita ll.

Erythrocyty - bezorganelova buiika,
zivot cca 120 dni
- transport dychacich plyna
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Hematotoxicita lll. : ‘

Thrombocyty bezjaderné, zivot 9-12 dni
s - ochrana pred ztratou krve &

- granula obsahuji nékteré faktory srazlivosti
(fibrinogen, faktor V, von Wildebranduv faktor)

m VWF Platelet (PLT)
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Hematotoxicita IV.

Leukocyty

Neutrofily — 50-70% cirkulujicich leukocytt, fagocytosa, 7-
8h v krvi, 4-5 dni v tkanich, tvorba ROS a RNS

Eosinofily - fagocytace komplexii alergen-protilatka

Basofily — granula s obsahem heparinu a histaminu,
uplatnéni pfri alergickych reakcich

Monocyty (Makrofagy) - fagocytosa, ni¢eni nox
Lymfocyty (B- a T-) - vyvoj v dieni (B) &i brzliku (T),
tvorba protilatek (B), pomoc pfi imunitnich reakcich a cytotoxicita (T)

a8 & 9

Neutrofil Eosinofil Basofil Lymfocyt Monocyt
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Hematotoxicita V. - Erytrocyty
Typy toxickych nox majicich vliv na Erytrocyty

- kompetitivni inhibice vazby kysliku na Hb (CO, CN-, H,S — vazba
na Fe)

- chemicky indukovana anemie se snizenym mnozstvim
erytrocytu
- oxidace Hb — tvorba Fe3*
- modifikace proteini membrany — aktivace imunitniho

systému

Hypoxie (Anoxie) - euforie az
ztrata véedomi
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Hematotoxicita VI. - Erytrocyty

Otrava CO gg

Carbon Monoxide

- mirné problémy az hypoxie, kardiovaskularni a neurologické uc€inky
(ztrata pameti)

- vazba snizuje mnozstvi vazebnych mist pro kyslik a zvysuje afinitu k
jiz navazanému kysliku (Haldantv efekt)

-0,1% CO ve vzduchu = 50% karboxyhemoglobinu
‘=-ve vétrané mistnosti je doba eliminace karboxyhemoglobinu cca 4-5h
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Otrava CO

Methylenchlorid (Dichlomethan) - na odstranovani
barev z nabytku - metabolizovan P450

Investicedorozvoje vzd

Know the Symptoms
of CO Poisoning...

Physical symptams of CO paitoning
vary, depending on the amount of 00
i the bloodstroam. The higher the
candentration, the Gréater the danger.

Mild Exposure
& Shght headae he
& MNausea
& VEToing
& Fategue
& Flu-Hep-symploms

Medium Exposure
& Seen bbadache
& [Dronivianis
& Confuson
& Rapod haeart rade

Severe Exposure

& Undond dasngss

& Comulpong

& Cardacirespirancey fature
& Death

Lecba

-hyperbaricka lIé€ba kyslikem — pO, z 0,2
na 2,5 =» eliminace zkracena na 1/10
-Allopurinol — inhibice Xanthin Oxidasy
-N-acetylcysteine — darce SH

-Insulin — suprese hyperglykemie

Carboxyhemoglobin (%

Hemoglobin Saturation

with Carbon Monoxide) Effect

1].3—[].9 Background concentrations due to endogenous production of carbon monoxide

15 Increase in blood flow via compensating mechanisms such as increased heart rate or
increased contractility (these concentrations are typically observed in cigarette
smokers)

29 A reduction in exercise tolerance and an increase in the visual threshold for light
AWATENEss

16-20 Headache; abnormal visual responses

20-30 A throbbing headache accompanied by nausea, vomiting, and a decrease in fine-
motor movement

3040 Severe headaches, nausea, vomiting, and weakness

504+ Coma and convulsions

67-T0 Lethal if not aggressively treated

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



Hematotoxicita VII. - Erythrocyty

Otrava kyanidem
- lzolace z Berlinské modri — C.W.Scheele
- Valecny jed

- Zdroje: - ohen — spalovani baviny, hedvabi, polyuretan
- prumysl — tézba Au, Ag, vyroba plastu

- léky — Amygdalin (horké mandle)
- protinadorové lééivo

K%

- Nitroprussid sodny (Nipride)
dpcky - antihypertenzivum

- respiracni jed — vazba na cytochromoxidasu a3 (Fe) — inhibice

on

dychaciho retézce

- zastava dychani, arytmie, selhani srdce
" wesrer
DO BOZVQJE
VZDELAVANI

- otrava kyanovodikem ¢i pozrenim soli (cca 100mg Na/KCN je
smrtelnych)

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.
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Hematotoxicita VIII. - Erythrocyty

Otrava kyanidem - lécba

-80% detoxifikovano transsulfuraci na SCN-

- metabolizace rhodanasou (EC 2.8.1.1)

- protijed - thiosiran sodny NapS:0: + CN™ — SCN™ + NapS0,
- slou€eniny Co (vznik B,,) - Cyanokit
- NaNO, — tvorba MetHb
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-podpurna terapie

- hyperbaricky kyslik — potenciace Géinku ‘ ——

dusitan/thiosiranové terapie

- NaHCO, — korekce laktatové acidosy
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Hematotoxicita IX. - Erythrocyty

Otrava sulfanem
inhibice cytochromoxidasy

exposice u kanalizaci, silazi

adaptace nebezpecna
-po absorpci plicemi metabolizovan jatry a krvi az na sulfat
-Lécba — podobné jako u Kyanidu

c Air Concentrations of Hydrogen
\© Sulfide (parts per million) Effect
~; 0.022 No odor.
= 0.025-0.13 Noticeable to minimally detectable odor.
f @ 03 Distinet odor.
gopsky 0.77 Generally perceptible.
fsgnccijé\llnéﬁ 36 (Quite noticeable, offensive, moderately intense.
20 OSHA acceptable ceiling level.
20-30 Strong intense odor but not intolerable.
T 150 Olfactory nerve paralysis and mucous membrane irmitation.
200 Less intense odor due to eventual sensory fatigue.
250 Prolonged exposure may cause pulmonary edema. Increasing mucous

membrane irritation.

500 Dizziness over a few minutes to severe central nervous system impairment
and unconsciousness if inhaled for more than a few minutes. Increasing
mucous membrane irritation.

OP Vzdélavani TOO-1000 Unconsciousness may develop rapidly followed by respiratory paralysis and
Pro fonicuenceschopnest death within minutes. Increasing mucous membrane irritation.
INVESTICE : :
5,000 Imminent death.
DO ROZVOJE - -
VZDELAVANI

Investicedorozvoje vzd
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Hematotoxicita X. - Erythrocyty

NADH NAD*
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Hematotoxicita Xl. - Erythrocyty

Dusicnany/dusitany/chloreCnany

- tvorba methemoglobinu — zména barvy krve na nahnédlou

- 0od cca 15-20% - symptomy hypoxie, vyssi koncentrace —
bolesti hlavy, zavraté, nausea

- protijed — IV administrace methylenové modri (redukcni
ekvivalenty)

- NO,, ClIO; oxiduji primo, NO;" po redukci na NO, bakteriemi
ve streve

- expozice v industrialnich oblastech z kontaminované

studnicéni vody
Oxidaéni konverze Hb na MetHb = redoxni cyklus
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fond v CR NOZ', C|O3'
o, o e
(ammoniay septc Hb-Fe2+ Redoxnicyklus Hb-Fe3*

(ammonia)
(o7} Ce o% \ /

02 Q.
A Methemoglobin

O, Os 9 reduktasa
O
™)

?  NITRATE

nitrite
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Hematotoxicita Xll. - Erythrocyty

Aromatické amino/nitroslouceniny- anilin, nitrobenzen
- stavebni kameny barviv, farmaceutického primysiu

- dapsone, primaquine — lé¢ba lepry, malarie
- poskozeni membrany — fagocytace slezinnymi makrofagy

- nitroslouceniny redukovany na amino ve streve - iniciace
Redoxniho cyklu — tvorba ROS — oxidace proteini —
prokrizeni — precipitace (Heinzova téliska), zména morfologie

4
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- Nebezpecné pro lidi deficientni v glukosa-6-fosfat dehydrogenase
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Hematotoxicita XIlII.

Suprese kostni drené - pancytopenie — véechny elementy
produkovany dreni jsou snizeny
- krvaceni, redukce v poctu desticek, anémie (Unava), zvysena
citlivost k infekcim

- benzen (pricina
akutni myeloidni Benzene
leukemie) —
metabolity jsou
pricina— CYP2E1

L8]
M OH
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Muconic Acid
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Banzena Dxld& ]
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val pI'OOVé, N “ oM Muconaldehyde
alkylacni €inidla !H Prohenyl
(5-f| uorouracil, S-N-Acetyi-Cys
cytoxan), @ \
tolbutamid, zlato, /p..m. O\s
al I 0 p u ri no I ’ Avdruq vinone \ reny -M-Acetyl-Cys
chloramfenikol Sultate Glucuronide Suifate Mercapturic Acid
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Early Symptoms of Lead Paisoning H e m at O t O X i C i t a X IV'

Otravy
- Pb - inhibice syntézy hemu v jatrech (basofilni
NeightLoss teCkovani - akumulace pyrimidinovych sloucenin)
- protijed — EDTA, penicillamin, dimercarpol (chelatace)
i

ONCE UPON A TIME, "LEAD POISONING" MEANT

SOMEONE WHO GOT SHOT DOWN. TODAY IT

MEANS SOMEONE WHO TOUCHED A TOY MADE
IN CHINA.

ani

A
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- warfarin - inhibice tvorby
srazecich faktort
- protijed — Vitamin K

pro koﬂ:u‘:::i‘::::«i)pnost © O flglna I Anlst . 5

INVESTICE Reprod uctcion rights obtaina
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DO ROZVOJE v, CartoonStockicom i
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Jatra — struktura Hepatotoxicita l.

- hepatocyty/parenchymaini buriky obklopené sinusoidami (krevni
cevy)
- Kupferovy bunky — fagocytosa

Krev je dodavana ze 2 zdroju:
- jaterni arterie (okysli¢ena krev) - HA
- portalni zila (ziviny) - PV

Inferice

-portalni zila — na
vstupu do jater se
déli a odtéka do
sinusoid — na
vystupu hepatickeé
zily = dolni duta zila
a vstup do srdce

i

EVROPSKA UNIE

S

Investice dorozvoje vzdélavani

OP Vzdélavani

pro konkurenceschopnost
INVESTICE
DO ROZVOJE
VZDELAVANI

- Zluéoveé kyseliny jsou odnaseny zluéovymi kanalky, jez sleduji
vétve portalni zily — vstup do horni ¢asti stfeva (duodenum)

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



... . Hepatotoxicita ll.
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- Hepatic venule

Sinusoidy — ,,dirkované* kanaly
mezi hepatocyty umoznujici
prostup tekutiny a molekul
mensich nez 259 kDa Hepatocies =

Branch of
hepatic
arbery
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Sinusoids

vznik spojenim PV + HA

- 70% povrchu hepatocytu je v B I
P kontaktu s krvi gl o
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Hepatotoxicita IV. - Enterohepatalni cirkulace
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Hepatotoxicita V.

Cilova tkan pro chemicky indukovana poskozeni
- prvni organ perfundovany xenobiotiky po absorpci v Gl
- vysoka koncentrace XMEs
- Casto poskozena centrilobularni oblast — vysoka
koncentrace P450

Typy poskozeni jater - dle doby pusobeni a koncentrace

slou€eniny

= 4 r | Y 4
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Hepatotoxicita VI.

Nekroza - degenerativni proces vedouci k bunééné smrti
- prasknuti membrany, zvétsSeni ER, akumulace TAG,
nabobtnani mitochondrii

Necrosis and fatry liver

Carbon tetrachloride Dimethylnitrosamine Phosphorous
Chloroform Cyclohexamide Beryllium
Trichloroethylene Tetracycline Allyl alcohol
Tetrachloroethylene Acetaminophen Galactosamine
Bromobenzene Mitomycin Azaserine
Thioacetamide Puromvcin Aflatoxin

Ethionine Tannic acid Pyrrolizidine alkaloids

Apoptoza - kontrolovana forma bunééné smrti

- normalni fysiologicky proces — indukovan anoxii,
oxidacnim stresem, radiacnim ozarenim

Karcinogenese - vétsinou hepatocellularni karcinom

Carcinogenesis (experimental animals)

Aflatoxin Bl Dimethylbenzanthracene Acetylaminofluorene
Pyrrolizidine alkaloids Dialkyl nitrosamines Urethane

Cycasin Polychlorinated biphenyls

Safrole Vinyl chloride

Investice dorozvoje vzdélavani
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Hepatotoxicita VII.

Cholestaza - zpomaleni ¢&i zastaveni toku zluée

Cholestasis (drug-induced)

Chlorpromazine Imipramine Carbarsone
Promazine Diazepam Chlorthiazide
Thiordazine Methandrolone Methimazole
Mepazine Mestranol Sulfanilamide
Amitriptline Estradiol Phenindione

Cirhoza - postupujici nemoc charakteristicka ukladanim
kolagenu v jatrech na misto funkc¢ni tkané — vétsinou
chronické poskozeni (etanol)

K%

evropsky
socialni
fond v CR

Hepatitida - zanét jater a obvykle viralniho ptivodu

Hepatitis {drug-induced)

on

Iproniazid Methoxyflurane Halothane
Isoniazid Papaverine Zoxazolamine
[mipramine Phenyl butazone Indomethacin
oo kauenoeechopnst f6-Mercaptopurine Cholchicine Methyldopa
INVESTICE
DO ROZVOJE
VZDELAVANI
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Hepatotoxicita VIII.

electron tra nspori protemns

OXIdacnl Stres activated phagocyles nitric oxide synthetase
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Hepatotoxicita IX.

Tetrachlormetan (CCl,)

- aktivovan CYP2E1 - vznik CCl;" -

- nejvetsi poskozeni v centrilobularni casti

- kratka doba zivota

- produkce aldehydu, toxicita ve vzdalenéjsich tkanich
- do 24h — hyperbaricka lécba cca 2.5 atm po cca 1h

‘llSebevraiedné inaktivace 1‘

Cl Cl 1‘ Cl
| P450 | L) |
Cl—C—Cl cl—C- Cl—C—0—0-
| | |
Cl Cl Cl

COCl;
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lovar (5

fond v CR

Binding to lipids,
Lipid peroxidation

“ VTV L AT — TV
NH NS I ' .
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Etanol (CH,CH,OH) Hepatotoxicita X.

- interference s metabolismem lipidt, indukce zanétu

- zvySuje tvorbu superoxidu Kupferovymi bunkami

- proteinové adukty s aldehydem — zhorseni VLDL sekrece, nové
antigeny

- malnutrice zhorsuje vaznost nemoci

- podporuje vstirebavani Fe - darce elektronti = narust ROS

- metabolizovan (ADH,
ALDH) — geneticka
variabilita (Asiaté maji ADH,
ale malo ALDH = ,flushing
syndrome*

- produkce ROS
indukovanym enzymem
CYP2ELl - polymorfismus
muze korelovat s citlivosti k
VyVoji hemoci

i
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Hepatotoxicita Xl.
Etanol (CH;CH,OH)

- Poskozeni jater nejnapadnéjsi v centrilobularni oblasti - nejdale
od oxygenované krve = nedostatek kysliku prispiva k poskozeni

@ ®

. Alcohol in blood Endotoxins
) stimulates stimulate
| kupffer cells (ke)  kupffer cells

CYP2E1 concentration
(oxygen debt)

i

evropsky
socialni
fond v CR

- Prozanétlivé cytokiny —
Casty nalez v krvi pacientu s
alkoholovou hepatitidou Py
- TNFalfa, IL-8 — nepfima ety
umera s proghosou — e
podpora aktivace leukocytu
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° oy
‘ 0 VvV

A®
£ r

OP Vzdélavani
pro konkurenceschopnost @ Kupffer cells release cytokines

and oxygen radicals...

INVESTICE
DO ROZVOJE i'é ®) ...promoting leukocyte infiltration
VZDELAVANI anp and activation (inflammation, hepatitis)

Investice dorozvoje vzdélavani
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Investice dorozvoje vzdélavani

Hepatotoxicita Xll...aneb takhle
dopadnete kdyz s tim neprestanete

Fat deposits

Histopathological image

Crogg-gestion

Nodubes
surrounded 8
by fibrasis
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Hepatotoxicita XllI.

Bromobenzen

Investice dorozvoje vzdélavani

- prumyslové toxické
rozpoustédio
zpusobujici
centrilobularni jaterni
nekrosu pres tvorbu
reaktivnich epoxidu

- tvorba epoxidu pres
P450

- 2,3-epoxid méne
toxicky

- inkubace zvirat s
phenobarbitalem (PB)
zvysuje tvorbu 3,4-
epoxidu

- inkubace s 3-
methylcholanthrenem
(3MC) vede k primarni
produkci 2,3-epoxidu

A
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2, 3-oxide
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Hepatotoxicita XIV.

Acetaminofen I
. - N i3
- analgetikum, bezpecné v terapeutickych L
davkach
- predavkovani vede k akutni centrilobularni
nekrose — CYP2E1l
CH;
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Hepatotoxicita XV.

Metabolicka aktivace hepatotoxikantu - zavéry

- tvorba minoritniho avsak vysoce reaktivniho intermediatu

- musi byt prekro¢ena prahova koncentrace reaktivniho
metabolitu aby doslo k poskozeni

- endogenni slouc¢eniny ochranuji bunky pred poskozenim
reaktivnimi intermediaty
- latky indukujici €i inhibujici XMEs mohou ovlivhovat toxicitu

- reakce katalyzované napr. GST hraji dalezitou ulohu v
ochrané bunky
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pro konkurenceschopnost
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VZDELAVANI
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Zhodnoceni poskozeni jater

Symptomy - ztrata chuti k jidlu (anorexie), nausea, zvraceni,
unava

- hepatomegalie, ascites
- zloutenka

Morfologické zhodnoceni - pavod Iézi a oblast poskozenych
jater

- centrilobularni nekrosa = bioaktivace P450
- CT, MRI — rakovina jater, obstrukce v odtoku zluci, cith6za
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Krevni testy - méreni funkénosti jater — exkrece bilirubinu, faktort
krevni srazlivosti, albuminu, test clearence barviv

|\’<|}'? Enzyme Acronym Comments
Alanine aminotransferase ALT Found mainly in the liver; increase reflects primarily
hepatocellular damage
Aspartate aminotransferase AST Less specific to the liver than ALT; increase reflects primarily
hepatocellular damage
OP Vzdélavani . . "'_ o
e enimemmpenchesnoss Alkaline phosphatase ALP Increases reflect primarily cholestatic injury
INVESTICE ) . . .
-l SICMASE, L] CIELECs Tl e CIMOAS LT LI (o L
DO ROZVOJE Glutamyl transferase: GGTR Increases reflect primarily cholestatic injury, although
VZDELAVANI y-glutamyltranspeptidase elevated in hepatocellular damage as well

Investice dorozvoje vzdélavani

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



EVROPSKA UNIE

OP Vzdélavani
pro konkurenceschopnost

INVESTICE
DO ROZVOJE
VZDELAVANI

Slovo zaverem.....

DON'T MOVE, or I'll fill you full of LEAD!!!
N G -/

HAAA!! I happen to know that the lead in bullets is
in the METALLIC form! This chemical form of lead
o has an intrinsically low bioavailability and toxicity!!

Lk G| T2
YES, but EARP et al (1886) have recently reported @@l
that the gunpowder-assisted acceleration of this form C\¥C

0\ i |
of lead to 1000 ft/sec substantially enhances its 7 JE Q[_’_‘

&= —

ability to penetrate biological membranes, effectively aze
, making it a whole lot MORE toxic!!! | |1 L b © Ongmalw
7 JJ*L M ———— 2 s ) '(' Re prod uctlon rights” Yo bta inabletrom—
M |RAILLC 1don't believe I've read that paper... ke | RLG C@*r.toonStock com GO )ETY
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Vyvarujte se otrav jater a krve v
jakékoliv forme...
...nebot’ to za to nestoji
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We're all gonna huve lovely hangovers in the
morning!”
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