Ziklady Toxikologie

KBB/ZTOX




Organova toxicita . ‘

Hemato- a Hepatotoxicita

™




Cile:

x Funkcni a anatomické charakteristiky krve a jater ‘

x Skodliviny plsobici na krev a jatra

Klicové pojmy:

Oxid uhelnaty, paracetamol, ethanol, dusiénany




HEMATOTOXICITA




Hematopoesa

HematotoXxicita

Kostni dfen = Gelovita tkan - dutina kosti

W e)@/ - v dospélosti - lebka, obratle, rameno, panevni a hrudni kost
- W -stroma (fibroblasty, makrofagy, ..)

-?f*'«?}/‘\ . -extracellularni matrix (kolagen, hyaluronat,..)
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- Studium nepriznivych Gcinki na
krev a krvetvorné tkané
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- Studni¢ni voda s nitraty / # (@ 5

Platelets Dendritic cell Macrophage Plasma cell

dusi¢nany - methemoglobinemie
- Stimulace hematopoetiny — Erythropoetin, Thrombopoetin, cytokiny

a granulocytarni kolonie stimulujici faktor




- transport dychacich plynu

Glutathione reductase Methemoglobin Glutathione peraxidase
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- CO, + Hb = karbaminohemoglobin
- CO + Hb = karboxyhemoglobin
- Fe?* »Fe3* v Hb = methemoglobin

Erythrocyty - bezorganelova bunka, zZivot cca 120 dni

Hemoglobin (HbA) - a2p2
- kazdy retézec = porfyrin s Fe?* vazici

kyslik

- positivni kooperativita
- Vazba ovlivnéna pH, teplota, 2,3-BPG
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Thrombocyty - bezjaderné, zivot 9-12 dni
- ochrana pred ztratou krve
- granula obsahuji nékteré faktory srazlivosti
(fibrinogen, faktor V, von Willebranduv faktor)

m VWF Platelet (PLT)
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fagocytosa, 7- 8h v krvi, 4-5 dni v tkanich, tvorba ROS a

Neutrofily —50-70% cirkulujicich leukocytd, c Neutrofil
RNS

Eosinofily — fagocytace komplexi alergen-protilatka Eosinofil

Basofily — granula s obsahem heparinu a histaminu, g _
uplatnéni p¥i alergickych reakcich - Basofil
Monocyty (Makrofagy) — fagocytosa, niéeni nox i Monocyt

Lymfocyty (B- a T-) — vyvoj v dfeni (B) &i brzliku (T),
tvorba protilatek (B), pomoc pfi imunitnich reakcich a
cytotoxicita (T)

Lymfocyt




Typy nox majicich vliv na Erytrocyty

Competitive Substrate
inhibitor ‘ )

- kompetitivni inhibice vazby kysliku na Hb ‘
(CO, CN-, H,S - vazba na Fe) = )
- chemicky indukovana anemie se snizenym Binding

mnozstvim erytrocyta
- oxidace Hb - tvorba Fe3*
- modifikace proteinid membrany - aktivace
imunitniho systému

=» Hypoxie (Anoxie) - euforie az ztrata
védomi
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Oxid uhelnaty (CO) 5%

Carbon Monoxide

- mirné problémy az hypoxie,
kardiovaskularni a neurologické
ucinky (ztrata paméti)

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

-0,1% CO ve vzduchu = 50%
karboxyhemoglobinu

-ve vétrané mistnosti je doba
eliminace karboxyhemoglobinu cca
4-5h

Methylenchlorid

(Dichlomethan) - na
odstranovani barev z
nabytku - metabolizovan
P450 (2010 — zakaz v EU,
2023 — zakaz v USA)

Lécba

-hyperbaricka lééba kyslikem —
pO, z 0,2 bar na 2,5 bar = doba
eliminace CO zkracena na 1/10

-Allopurinol = inhibice Xanthin
Oxidasy

-N-acetylcysteine — darce SH

-Insulin — suprese hyperglykemie

Symptomy
Bolest hlavy

- Nausea

- Zvraceni

- Unava

- Chripce podobné stavy
- Zmateni

- Tachykardie

- Bezvédomi

- Smrt

Carboxyhemoglobin (%
Hemoglobin Saturation
with Carbon Monoxide)
L

Effect

03-07)
=
29

16-20
20-30

3040
50+

67-T0

Background concentrations due to endogenous production of carbon menoxide
Increase in blood flow via compensating mechanisms such as increased heart rate or
increased contractility (these concentrations are typically observed in cigarette

smokers)

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

Headache; abnormal visual responses

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

Severe headaches, nausea, vomiting, and weakness

Coma and ¢
Lethal if not aggressively treated
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Kyanid
-Izolace z Berlinské modri — C.W.Scheele
-Valecny jed

-Zdroje: - ohen - spalovani bavlny, hedvabi, polyuretan
- prumysl - tézba Au, Ag, vyroba plastd -
- léeky — Amygdalin (horké mandle)

- protlnadorove lecwo

- antihypertenzivum

- respiracni jed - vazba na cytochromoxidasu a3 (Fe) -
inhibice dychaciho retézce

-zastava dychani, arytmie, selhani srdce

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

Lécba

-80% detoxifikovano transsulFuraci na SCN-
- metabolizace rhodanasou (EC 2.8.1.1)

Ma:5:05 + CN™ — SCN™ 4+ Nax S0

Protijed
- thiosiran sodny
- slouceniny Co (vznik B,,) - Cyanokit
- NaNO, - tvorba MetHb

-podpurna terapie ‘
- hyperbaricky kyslik — potenciace Gcinku
dusitan/thiosiranové terapie

- NaHCO; - korekce laktatové acidosy



http://en.wikipedia.org/wiki/File:Carl_Wilhelm_Scheele_from_Familj-Journalen1874.png
http://en.wikipedia.org/wiki/File:Smoked_almonds.JPG

Sulfan (HZ§)- NAUD*

ADP
_‘) —F;;mtein

- inhibice cytochromoxidasy

Coenzymea a

- exposice u kanalizaci, silazi ;jPCytou‘l:mmu b HbO, HbO,
v - P
- adaptace nebezpeéna ATP™ Oytochrome C, l@ @

. ’ . . ’ [ cmhirmac
-po absorpci plicemi metabolizovan jatry ADP ¥ MetHb MetHb
-

a krvi az na sulFat ATP onidase

-Lécba - podobné jako u Kyanidu "

Air Concentrations of Hydrogen

57 -

Sulfide {parts per million) Effect %0, + 2H”
0.022 No odor. Hzo
0.025-0.13 Noticeable to minimally detectable odor.
03 Distinct odor.
077 Generally perceptible. -~ MetHb HS — MetHb
36 Quite noticeable, offensive. moderately intense.
0 OSHA acceptable ceiling level.
20-30 Strong intense odor but not intolerahle
150 Olfactory nerve paralysis and mucous membrane irritation. Slow
200 Less intense odor due 1o eventual sensory fatigue. SCN Rhodanese
250 Prolonged exposure may cause pulmonary edema. Increasing mucous + e — 820; + CN™ MetHb
membrane irritation.
500 Dizziness over a few mil_\&l!c: to severe central nervous system impairment SO_
and unconsciousness if inhaled for more than a few minutes. Increasing 3
mucous membrane irritation
T00-1000 Unconsciousness may develop rapidly followed by respiratory paralysis and SD‘ }-wz

death within minutes. Increasing mucous me mbrane irritation.
Imminent death

5,000




Dusicnany (NO,?)/dusitany(NO,?)/chloreénany (ClO;)

- tvorba methemoglobinu - zména barvy krve na nahnédlou A
- od cca 15-20% - symptomy hypoxie; vys$si koncentrace - bolesti hlavy, zavraté, nausea o/ /o
- protijed — IV administrace methylenové modfi (redukéni ekvivalenty) i "

- NO,,, ClO;" oxiduji pfimo, NO; po redukci na NO,- bakteriemi ve strevé
- expozice v industrialnich oblastech z kontaminované studniéni vody

2 [}
NITRATE

Oxidaéni konverze Hb na MetHb = redoxni cyklus Aromatické amino/nitroslouceniny

Q.0
H:N NHz

NO,, ClO;
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Redoxni

Hb-Fe?* Hb-Fe3*

k
R lus HN/K/\/NHE .m...-s"---..
i Ns S5 Primaquine
Nitrobenzen & o 1
Methemoglobin o
reduktasa stavebni kameny barviv, Ié¢ba lepry, malarie

farmaceutického primyslu
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Mechanismus pusobeni:
- poskozeni membrany - fagocytace slezinnymi makrofagy

- nitroslou€eniny redukovany na amino ve strevé - iniciace Redoxniho cyklu — tvorba ROS -
oxidace proteinti — prokfizeni — precipitace (Heinzova téliska), zména morfologie

- Nebezpecné pro lidi deficientni
v glukosa-6-fosfat dehydrogenase

o 4




Suprese kostni drené
- pancytopenie - vSechny elementy produkovany dreni jsou snizeny
- krvaceni, redukce v poctu desticek, anémie (Gnava), zvysena citlivost k infekcim o
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- tolbutamid, methyldopa, kyselina valproova,

alkylacni cinidla (5-Fluorouracil, cytoxan), zlato,

Sulfats P turic Acid
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Otravy

- Pb - inhibice syntézy hemu v
jatrech (basofilni teckovani -
akumulace pyrimidinovych
sloucenin)

- protijed — EDTA, penicillamin,
dimercarpol (chelatace)

Early Symptoms of Lead Poisoning

» Fatigue
H

Irritabi
Metallic

» Une

ve Problems

- warfarin - inhibice tvorby
srazecich faktoru - vliv na

Mechanism of Action of Warfarin

koagulaci

= prOtijed - Vitamin K Features
mhemonic: e
B Bruising -
L. LowBP = Bruising

Warfarin Toxicity

Y/

E Elevated INR % ot &
E Epistaxis S

- »
D Darkstools g Ly ,

S Subconjunctival hemorrhage

Warfarin

Vitamin K
epoxide
reductase

Vitamin K X Coagulation
cascade

S
[ ) l
Liverc | ) —>

A 4 Reduced

vitamin ; blood clotting
vitaminK Liver cell

ONCE UPON A TIME, “LEAD POISONING" MEANT

SOMEONE WHO GOT SHOT DOWN. TODAY IT

MEANS SOMEONE WHO TOUCHED A TOY MADE
N
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HEPATOTOXICITA




Jakra - struktura
- hepatocyty/parenchymalni buiiky obklopené sinusoidami (krevni cévy)
- Kupferovy bunky - fagocytosa

Krev je dodavana ze 2 zdroju:

- jaterni arterie (okyslicena krev) - HA

- portalni zila (Ziviny) - PV

Inferice
Vena cava

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

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




Liver Lobule

Detail of Lobule

Hepatic venule

Hepalocytes ==

Sinusoids

Jaterni lobulus - definovano histologicky — hexagonalni oblast kolem centralni zily

Portalni tridda - 6 - zila, artérie, kanalek

Centrilobularni — oblast blizko centralni zily

Sinusoidy — ,,dirkované“ kanaly mezi hepatocyty umoziujici prostup tekutiny a molekul
mensich nez 259 kDa

- vznik spojenim PV + HA

- 70% povrchu hepatocytt je v kontaktu s krvi

Branch of
hepatic
artery

Branch of
hepatic
ponal vein

o H Cote
.o Ty "

Hepatocytes

Basement
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Kupffer cells

-
———————— Stellate cells




Jatra — funkce

skladovani (glykogen, tuky- ADEK)
syntéza (koagulaéni faktory, albumin)
metabolismus (mastné kyseliny na VLDL)
biotransformace

exkrece to zluci

y- Cholesterol Consumed
in Food

; 4 % = Cholesterol

Free Fatty Acid
= "

Musche Body Fat

Glucose Production by Liver During
Fasting Conditions (Gluconeogenesis
and Glycogenolysis)

Fasting State

i
@ Glucagon @

Pancreas

Decreased
insulin

Other
Fat cell Muscle cell substrates

PR
- N
Fatty Glycerol 'Amino
acid 2 a
4 99 pacid ¢
M4 .

Liver

Gluconeogenesis
-
Glycogenolysis

Glycogen
chain

Increased

glucose
production

Blood
vessel

Maintains glucose in
bloodstream

Dekonjugace ve stirevé = zvyseni lipofility a absopce
portalni zilou do jater = konjugace — vylouéeni do zluéi
= Stépeni ve stievé... enterohepatalni cyklus

Aktivni transport do
zlué€i — ATP-vazebné
kazety (P-glykoprotein)

/ Hepatocyte
’ Sinusoid -

~ _(:,D_ Conjugation with/

glucuronic acid |

@

o)y, Biliary
elimination

AN

. 2 4 o
A y G
Portal vein
Y <
0 &,
U Detonjugation
Qiilra o2t (&) by microbial
Patic cir® B-glucuronidase
@) Renal Lipophilic Enteral
\=/1 elimination drug absorption
: <«— Hydrophilic

v

conjugation product




Jatra = Cilova tkan pro chemicky indukovana poskozeni Necrosis and fatty liver

- prvni orgén perfundovany xenobiotiky po absorpci v Gl C‘urhon.lclrﬂchlor]dc Dimc[h}'lni[r_ﬂs;ﬂm]nc Ph[}sphomus
VySOké koncentrace XMEs ghln;rlt}iormh | ?fc]ohc:li.umldc Exlzlrylllltlmh |
= richloroethylene etracycline Allyl alcohol
- & & H 4 1 - 4 Tetrachloroethylene Acetaminophen Galactosamine
kcasto poskozena centrilobularni oblast - vysoka E—— Mitomyeir, (aactosa
oncentrace P450 Thioacetamide Puromycin Aflatoxin
v ’ e o ’ Ethionine Tannic acid Pyrrolizidine alkaloids
Typy poskozeni jater — dle doby pusobeni a koncentrace
slouceniny
Tuéna jatra — abnormalni akumulace tukd v Nekroza - degenerativni proces vedouci k bunécné smrti
jatrech - prasknuti membrany, zvétseni ER, akumulace TAG,

nabobtnani mitochondrii
Mista interference:

1)  Syntéza proteinoveé casti Apoptoza - kontrolovana forma bunécné smrti
2)  Konjugacce TAG s lipoproteiny - normalni fyziologicky proces - indukovan anoxii,
3)  Prenos VLDL pfes membranu oxidaénim stresem, radiaénim ozafenim

4)  Syntéza fosfolipidt

5)  Oxidace lipidi v mitochondriich Karcinogenese - vétsinou hepatocellularni karcinom

w Carcinogenesis (experimental animals)
B ? 4 Aflatoxin B1 Dimethylbenzanthracene Acetylaminofluorene
. 4 Pyrrolizidine alkaloids Dialkyl nitrosamines Urethane
ol - Cycasin Polychlorinated biphenyls
Safrole Vinyl chloride

Fatty Liver




Cholestaza - zpomaleni ¢i zastaveni toku zluce

Cholestasis (drug-induced)

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

Cirho6za - postupujici nemoc charakteristicka
ukladanim kolagenu v jatrech na misto Funkcni tkané
- vétsinou chronické poskozeni (etanol)

Hepatitida — zanét jater, obvykle viralniho plivodu

Hepatitis {drug-induced)

Iproniazid Methox yflurane Halothane
Isoniazid Papaverine Zoxazolamine
Imipramine Phenyl butazone Indomethacin
6-Mercaptopurine Cholchicine Methyldopa

Oxidacni stres - nepomér mezi pro/antioxidacnim
stavem v bunce s vyssim zastoupenim pro-
oxidantd

electron 1I':]n.‘~'p(\ﬂ pmlc]ns
activated phagocytes

redox cycling /

nitric oxide synthetase

NO
sop———1 0y
GSH redox —| H.0,
cycle; catalase o
metal
ions
—00NO/ NOx

HO.  HOO-  pooNo

|

biomolecules (DNA, lipid, protein)

- interakce s makromolekulami RO
- tvorba kySlikOV)”Ch a biomolecule radicals motal
dusikovych radikala I 0, ions
- prevence — f'flu_fﬂ-{?;mﬁn.e ——| ROO. ——» ROOH

- anfioxidanis S S
napf. resveratrol l ~ GSH redox

propagation of oxidative damage



Tetrachlormetan (CCl,) Sebevrazedna

- aktivovan CYP2E1 - vznik CCly - inaktivace

- nejvétsi poskozeni v centrilobularni ¢asti o o a

- kratka doba zivota Gl P L AL.. oo o
- produkce aldehydd, toxicita ve I L L ;

vzdalenéjsich tkanich
- do 24h - hyperbaricka lécba cca 2.5 atm po

cca 1h Binding to lipids,
Lipid peroxidation

lowar Oz

— —_ falaity Y — _— e, e
SNV Y —
NH Polyuns 2d 2
{1 e N -
P : 0—0 -

Tvorba kovalentni o — /NS '\f'_\ /N VvV \
vazby s dG

HO
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Etanol (CH3CH30H)

= interference s metabolismem lipidd, indukce zanétu

- zvySuje tvorbu superoxidu Kupferovymi bunkami

- proteinové addukty s aldehydem - zhorseni VLDL sekrece,
nové antigeny

- malnutrice zhorsuje vaznost nemoci

- podporuje vstiebavani Fe - darce elektront = naridst ROS

- metabolizovan (ADH, ALDH) - geneticka
variabilita (Asiaté maji ADH, ale malo ALDH >
»flushing syndrome”

- Prozanétlivé cytokiny - ¢asty
nalez v krvi pacientu s alkoholovou
hepatitidou

- TNFalfa, IL-8 - nepfima Uméra s
prognosou — podpora aktivace
leukocytid

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

- produkce ROS indukovanym enzymem CYP2E1
- polymorfismus muze korelovat s citlivosti k
vyvoji nemoci

- Poskozeni jater nejnapadnéjsi
v centrilobularni oblasti -

nejdale od oxygenované krve 2
nedostatek kysliku prispiva k LHlal (<o
poskozeni 7 \CYP2E1 concentration

M & {oxygen debt)

alcohol causes
increased endotoxin
absorption by portal g
venous system

(@ Kuptfer cells release cytokines
and oxygen radicals...
font Intestine

p=

® ...promoting leukacyte infiltration
and
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Cross-section

Mistopathological image

Fibrosis
with
necrosis

Infiammation

surrounded
by fibrasis




Bromobenzen "

PN

- primyslové toxické rozpoustédlo L J

zpusobujici centrilobularni jaterni nekrosu -
pres tvorbu reaktivnich epoxidi

Bromobenzens

Covalent binding
o macromaolecules

- tvorba epoxidu pres P450
- 2,3-epoxid méné toxicky

GSH conjugation
Br
/ =/ N\
o g
- ~0OH “
E/ j/ [\J (1]4"’*&“*‘/
S OH

2-Bromophenol OH

4-Bromophenol 3, 4-dihydrodiol
- inkubace s 3-
methylcholanthrenem (3MC) - inkubace zvirat s
vede k primarni produkci 2,3- phenobarbitalem (PB) zvysuje

epoxidu tvorbu 3,4-epoxidu




Acetaminofen _
- analgetikum, bezpecné v terapeutickych davkach ¢ i
- pfedavkovani vede k akutni centrilobularni g P . {
nekréze - CYP2E1 / CYP1A/ CYP3A4 ?? £ Faracetamo| a e ) g o,
S, 0—{ /f’/ — 0% o=
H & o e i N
; J.'::( \Q‘ Acetaminophen l,:P' \\
\(m;:;u -~ 0750 glacuronide-O
o= i CH
0
. Covalent binding to 5H groups =<\ [’={:_
- véasny pfisun methioninu, Inhibice P450 o
N-acetylcysteinu, A
cysteaminu zabrani Cell death :}—
poskozeni jater HO S-ghutathione
-zvyseni toxicity po preinkubaci PB, 3MC, EtOH !
-snizeni toxicity — Metyrapon (Metopiron), Piperonyl butoxide




Metabolicka aktivace hepatotoxikantu - zavéry

- tvorba minoritniho avsak vysoce reaktivniho intermediatu
- musi byt prekrocena prahova koncentrace reaktivniho metabolitu aby doslo k poskozeni
- endogenni slouceniny ochranuji bunky pred poskozenim reaktivnimi intermediaty

- latky indukujici ¢i inhibujici XMEs mohou ovliviovat toxicitu

- reakce katalyzované napr. GST hraji dulezitou Glohu v ochrané bunky




Symptomy - ztrata chuti k jidlu (anorexie), nausea, zvraceni, inava Zhodnocenl no§l(llzeni jater
- hepatomegalie, ascites
- Zloutenka e -

A 4

Morfologické zhodnoceni

- ptvod lézi a oblast poskozenych jater 53 .. |
- centrilobularni nekréza = bioaktivace P450 [
- CT, MRI - rakovina jater, obstrukce v odtoku zlu¢i, cirhéza | .

Krevni testy
- méreni funkénosti jater — exkrece bilirubinu, faktoru krevni srazlivosti, albuminu, test clearence barviv

. 4 . &, ’ . o
- detekce jaternich intracelluldrnich proteinu & 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
Alkaline phosphatase ALP Increases reflect primarily cholestatic injury
y-Glutamy] transferase; GGTP Increases reflect primarily cholestatic injury, although
y-glutamyltranspeptidase elevated in hepatocellular damage as well
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Re prod&c&on nghts Bbtamabletrom
\ DON'T MOVE, or I'll fill you full of LEAD!!! e - R Ca rtoonStock com [“sal|HLE
“ HAAA!! I happen to know th‘at the lead in bullets is GF AM@CH, Q T\Q

llI=—=| in the METALLIC form! This chemical form of lead
has an intrinsically low bioavailability and toxicity!!
3 Z 72007

YES, but EARP et al (1886) have recently reported ala@h
that the gunpowder-assisted acceleration of this form 7 7 4

of lead to 1000 ft/sec substantially enhances its 7 4
ability to penetrate biological membranes, effectively el
making it a whole lot MORE toxic!!! = | | g/
e e T T = : j

I don't believe I've read that paper... \| ‘TN /

il

ENVIRONMENTAL SCIENTISTS IN THE WILD WEST

“We're alf gonna have lovely hangevers in the
morning!”

Vyvarujte se otrav
jater akrvev
jakékoliv formé...
...nebot to za to
nestoji




THANKS!

Do you have any questions?
youremail@freepik.com
+34 654 321432
yourwebsite.com
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