Ziklady Toxikologie
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Organova toxicita . ‘

Imuno- a Pulmonotoxicita

™




Cile:

x Funkcni a anatomické charakteristiky imunitniho ‘

systému a plic

x Skodliviny pisobici na imunitni systém a plice

Klicové pojmy:

Hypersenzitivita, Fibr6za, Kontaktni dermatitida,
Emfyzém, Ipomeanol, Paraquat @




IMUNOTOXICITA




Imunotoxicita

Imunitni systém = obrana proti Imunotoxikologie = studium
infekcim, nadortiim, parazittim, etc. nezadoucich ucinkd vzniklych interakci
xenobiotik s imunitnim systémem

Stimulations Suppression

Allergy
- -

. Immune _—"

-~ System

. Infection

Autoimmunity Neoplasia

Xenobiotic

Imunitni systém = rozeznava vlastni od ciziho




Bilé krvinky (leukocyty)
- obrana organismu = imunita
-4-9x10°/L krve — tvorba v kostni dreni
- neutrofilni granulocyty — fagocytéza
- eosinofilni granulocyty — fagocytace alergen+protilatka
- basofilni granulocyty — uvolnéni histaminu pfi alergickych reakcich
- monocyty — preména na makrofagy = fagocytéza, APC
- lymfocyty — B- a T-, rozpoznani antigenu a aktivace
- lymfoidni organy — slezina, kostni difel, mizni uzliny
- imunita - nespecificka = vrozena — profesionalni fagocyty
- specificka = ziskana — antigen-presenting cells (APC) a maturace lymfocytu
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Vrozena imunita _ﬂ
Antigen o }
- Neutrofily, monocyty (makrofagy) — fagocytace, extravazace Antibody 4%/ l & onplex
- EOSinOfin, ba.SOfily . ek Pecio C2a & C4b fragments
, , . Ype echanism \7—’
- Sérové proteiny - komplement — }lasaioal paitway @ | G3 comvertase
natomic barriers
- l Alternative 4 "
Fag Ocytoza . Skin Mechanical barrier retards entry of microbes. pathway <2 C3 hydrolysis
Acidic environment (pH 3-5) retards growth of microbes. 1 \0
Oxygen-dependent killing Oxygerrindependent killing Mucous membranes Normal flora compete with microbes for attachment sites and nutrients. /. C2b and Contrammente
Mucus entraps foreign microorganisms. ¢
Reactive oxygen intermediates  Defensins Cilia propel micraorganisms out of body. fin. Gabclenves C5
g / into C5a and C5b
0", (superoxide anion) Tumor necrosis factor o Physologic baricrs Cell T O C5b. C6. C7. C8 and C9
. Temperature Normal body temperature inhibits growth of some pathogens. swells together form th
OH" (hydroxyl radicals) (macrophage only) Fever response inhibits growth of some pathogens. .%\ mg:mrearn:;nt?laci
H,0, (hydrogen peroxide) Lysozyme Low pH Acidity of stomach contents kills most ingested microorganisms. ..- complex
ClO~ (hypochlorite anion) Hydrolytic enzymes Chemical mediators Lysozyme cleaves bacterial cell wall.
) ) Interferon induces antiviral state in uninfected cells.
Reactive nitrogen intermediates Complement lyses microorganisms or facilitates phagocytosis.
NO (nitric oxide) ToH—hk§ receptors recognize microbial molecules, signal cell to secrete immunostimulatory cytokines.
Collectins disrupt cell wall of pathogen.
NO, (nitrogen dioxide) Phagocyticjendocytic barriers Various cells internalize (endocytose) and break down foreign macromolecules.
HNO (nitrous acid) Specialized cells (lb\ood monocytes, neutlroph‘\ls. tissue macrophages) internalize
(phagocytose), kill, and digest whole microorganisms.
Others Inflammatory barriers Tissue damage and infection induce leakage of vascular fluid, containing serum proteins with
NH,CL {monochloramine) antibacterial activity, and influx of phagocytic cells into the affected area.




Ziskana imunita

- Rozpoznani a eliminace cizich mikroorganismu a
molekul (antigenti)

- Antigenni specifita - schopnost rozpoznat
rozdilné proteiny

- Diverzita — produkce obrovského mnozstvi

rozpoznavacich molekul

- Imunologicka pamét’ — opakované setkani s

sw s om

- Schopnost rozpoznat cizi od vlastniho

- Nutnost kooperace mezi Lymfocyty (T- i
B-) a APC (makrofagy)

T-lymfocyt — rozpozna APC s navazanym
antigenem

cytokines

Specific Antibodies

g | Recognition

v

[ ActB) Differentiation
"\,__ _/ & Expansion
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Ziskana imunita

Protilatky:

- Glykoproteiny, produkty plasmatickych bunék
(terminalni stadium B-lymfocytt)

-dle tézkych retézct = 5 tiid (izotypu)

- v B-lymfocytu IgM, IgD membranové vazané

- opsonizace, aktivace komplementu
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1. Circulatinglg 2. Membrane-
bound Ig

B. Different immunoglobulin types

3. Secretory Ig

4. Cell-bound Ig
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Latky s imunosupresivnim uc¢inkem Imunosuprese

Drugs

Cyclosporin A, cyclophosphamide, glucocorticoids (Dexamethazone), azothioprine

Metals - Potlaceni vyzravani T
Lead, cadmium, methylmercury, organotins® o
Pesticides lym fo Cy t u
Chlorodane®, DDT?, Dieldrin® - Vazbana povrchove
Industrial compounds recep to ry le u ko Cyt ﬁ

2.3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD), polychlorinated and polybrominated biphenyls
(PCBs and PBBs), benzene, poly aromatic hydrocarbons®

Addictive substances
Cocaine, ethanol, opiates, cannabinoids, nicotine
Air pollutants

Environmental tobacco smoke, ozone, nitrogen dioxide

Microbial toxins
Aflatoxin,” ochratoxin A.” trichothecenes T-2 toxin”

o Nutnost postupného
Radiation

lonizing, UV testOVéni

Other
Asbestos, diethylstilbestrol (DES), dimethylnitrosamine




1 Uroven testovani — ,strukturni end pointy"

Immunopathology Hematology: Complete blood count and differential
Weights: body, spleen, thymus
Histology: Spleen, thymus, lymph node
Antibody-mediated immunity  IgM plague-forming cell (PFC) response to T cell-dependent
antigen (e.g., SRBC)

Cell-mediated immunity Lymphoproliferative response: T cell mitogens (Con A and
PHA) Allogeneic mixed leukocyte response (MLR)
Nonspecific immunity Natural killer (NK) cell activity
1gM Response to SRBCs 1) Expozice xenobiotiku na 14-28 dni

2) Injekce antigenu SRBC (sheep red blood cells)
3) Analyza séra Ci sleziny
- Jerne assay — mnozstvi IgM tvoricich bunek

2. Remove = ELlSA
/ :jglen 4 2. Or draw
- blood fo , ’ v s
1. Inject SRBC IV ELISA Musi byt funkéni T-, B-lymfocyty a APC

oo oo O -, .
Lze provést ex vivo !!

OO OO OO

3. Assess antibody forming cells




Flow Cytometry

Testy druhé urovné —

Immunopathology Quantitation of B and T cell numbers using flow cytometry

Antibody-mediated immunity [eG PFC to SRBC >

[gM PFC to T cell-independent antigen (e.g., TNP-LPS) :..
Cell-mediated immunity Cytotoxic T lymphocyte (CTL) cytolysis 3 We—

Delayed hypersensitivity response (DHR) ’ e
Nonspecific immunity Macrophage: phagocytosis, bactericidal/tumoricidal activity) .

Neutrophil: function (phagocytosis and bactericidal activity) - Deteckon ot
Host resistance models Response to challenge with infectious agent or tumor cells ° i e

@

- Vyhodnoceni subpopulaci lymfocyta (B, T) — pritokova cytometrie - 1<
-Test bunééné zprostredkované imunity — expozice antigenu a nasledny test na -
cytotoxické T-lymfocyty (imunizujici nadorova burika) nebo na opozdénou .

hypersenzitivitu

- modely resistence — zvire je vystaveno xenobiotiku a pak infekénimu agens nebo
nadorovym bunkam = ultimatni test (rozsah suprese, ktery miize byt tolerovan je zavisly
na davce, virulenci agens a na genetickém stavu hostitele)




Jak interpretovat imunotoxicka data ve vztahu k nezadoucim ucéinkum?

nebo

Cisté kvantitativni vztah mezi supresi a
rizikem infekce — nemozné

(genetika hostitele, davka, virulence
infekéniho agens)

Imunokompetence v populaci - kfivka
tvaru ,,obracené U“ — resistentni, citlivi a
néco mezi (genetika, vék, predisponujici
nemoci)

Vystaveni Imunosupresantu = posun
doleva !!!

Pement of Population

a) predpoklad ,linearniho vztahu" - jakakoliv suprese je nezadouci

b) redundance a reservni kapacita — urcita suprese je tolerovatelna

Exposure to
Immunosuppressant

,(*\1' ~

Infections
Diose

Pathogenicity

populaion | 00
at Risk

Immune Competence



Hypersensitivita — poskozujici reakce
imunitniho systému (alergie)

Stadia:
Indukce (senzitizace) — dostateéné

mnozstvi zcitlivujici latky

Elicitace (vyvolani reakce) — u
senzitizovanych jedinca po

" w

opakovaném vystaveni Skodliviné

@/’_\

IgE binding
to a mast cell

Components of

Allergic Reactions &

4 ¥
s

A person is born
with a predisposition
to allergies.

The person is stung for the first time, potentially inducing the formation of IgE, a
type of antibody that binds to mast cells. This process does not cause an allergic
reaction, but it can sensitize the person. One or more stinging episodes may be
required

Injected allergen

g

Cross-linked IgE
IgE lgE( ),

O)
i~ \é"l Y,@@ & m‘
5’* ” X 7 .
* Mast -(6 Mast - .

I9E/~

Allergen__\ Histamine release

m Cell *°

The sensitized person is stung a subsequent time, and the injected allergen binds with adjacent units of IgE previously
bound to mast cells, "cross-linking" them. Mast cells with cross-linked IgE release histamine and other chemicals
that cause an allergic reaction. Systemic allergic reactions can occur very rapidly and be life-threatening. They

require immediate medical attention.



Typ | — atopie — okamzita odpovéd’ na alergen
(senna ryma, ekzém, vyrazky)

- vasodilatace, vtok kapalin do tkani,
stimulace smyslové ¢asti nervového systému
- provazani IgE vazanych na basofily po
vazbé alergenu =» uvolnéni histaminu

Allergen

&l s

Most common Common Uncommon Rare

l Allergen Clonal expansion of B Antigen binds to cell Anaphylactic response to
/ \ Fcffrclzgtor i ccll};: Cytophilic bound _anuhod}'. bee sting
/ : N cous gland antibody (IgE) cross-links receptors,
2 ™ generated; binds to causing release of
> @ ‘%y mast cells mediators
Memory cell Plasma cell)/ Sensitised n\:fz nerve Indukce Elicitace Priklad
VY mast cell Vasoactive 4

IgE amines
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with B antigen

© wanstusion

) Agglutination and
complement binding

Clonal expansion of B
cells; IgM., IgG
generated. Antigen
binds to cell

Anamnestic® Ig
response; bin

the presence

membrane

bound antigen and in

complement or
activated macrophages
cell lysis occurs

.-"_"‘/ A
Cytotoxic
F t -
‘/A\C receptor
- Surface
BN
Target antigen
/cell/ Complement

‘_ activation
Immune

-K‘/‘tlicompex

Type II

IgG-Mediated Cytotoxic
Hypersensitivity

Rh factor

Typ Il (cytolyticka) — léky (penicilin, acetaminofen) reaguji s membranami a vytvari ,,antigeny“ =» vazba
IgG a aktivace komplementu = lyze bunék

DEVELOPMENT OF ERYTHROBLASTOSIS FETALLS (WITHOUT EHOGAM)
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IaC antiRh Ab crosses placenta
and attacks fetal RECs causing
ervthroblastosis fetals

2id Pregnancy

ds to cell incompatibility,
Hemolytic anemia in

of reaction to drug
treatment

PREVENTION (WITH RHOGAM)

Mother
(rreated with Rhogam)

g
5

V) Beelt
}(\Q “

—Rlogam

Prevenis

Becell activation
and memony cell
feieimaticm



Typ lll - komplexy se hromadi v tkani a atrahuji makrofagy a lymfocyty (Arthrusova reakce) - Farmarovy
plice
Large immune

Small immune 19G — complex
complex e

Animal farming
Risk factors for:
organic dust &%  viruses & endctoxinsA

Antigen 3. Neutrophil « Asthma
/ ({ =) chemotaxis Exposure to: allergens &) ammonia ‘ }
W o . e z * Rhinitis
‘ \ Lysosomal bacteria & disinfectants
Intermediate ) . .
immune Cos ; ‘ / granule PP il il ¢ Chronic bronchitis
[ == e C A ! i _ « Chronic obstructive

pulmonary disease

* Reduced FEV,

complexes \.\-\\ h —~ a/ 4. Neutrophil
(03] = 5 . | adherence and
p . ¢ \ | degranulation
A/ o N
$ A 3b
0 3.// receptor
< [ [ <] & S [ ~ 2 @3 — &
® . @ @\ 1@
J - A i - IR /
1. Intermediate-size 2. Complement Enzymes, reactive = “
immune complexes activated oxygen species g

| deposited in the tissue

>

R

Clonal expansion of B Anamnestic Ig response;  glomerular nephritis,
cells; IgM, 1gG antigen antibody rheumatic heart
generated complexes form in disease, farmers lung

some tissues leading

to inflammation
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Typ IV — opozdéna reakce (DTH), 24 az 48h po expozici — T-lymfocyty + makrofagy

- reakce na Skumpu jedovatou (Poison lvy), inhalaci Be (beryliéza) ey ———
(a) sensitisation phase ’ (b) effector phase u.op -
G MHC TNF Ve oryllium v ,
O / ” cll % / receptor W\ T-cell activation
bacteria S oE IFN- y A, et d» § /,
_ :: Thi cells / C\ N ) /\'f.‘. ¢ e
g | ; / ’A g '_ = oo ‘>\J 5 "' Thi cytokines (IL-2, IFN-y, TNF-a)
O‘T | e A J\&
{ , R
N AN TH : .
\" g - cells pasting Activated %’ “ \ﬂ\ Macrophage activation

Macrophage  Macrophage

i d
%o S”‘
B
Cytokines (TNF-q, etc.)

Y

Noncaseating granuloma formation

Tuberkulinovy

, f:"? test
J F

IV lﬁ hdal
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Xenobiotika - malé molekuly - hapteny
- vazba na protein &

Imunitni reakce Q Q Q

Hapten Carrier Complete
molecules molecule antigen

Copyright © 2004 Pearson Education, Ine., publishing as Bengamin Cummings.

Hapteny — asociace s - kontaktni dermatitida, respiraéni hypersenzitivita
Proteiny — asociace s - alergie na jidlo, respira¢ni hypersensitivita

2 typy davek — senzitizujici (velka davka) a elicitujici reakci

Adjuvans - zvysuji vyvoj alergické sensitisace




Alergicka kontaktni dermatitida (ACD) / kontaktni hypersensitivita (CHS)

Lymph Vessel
Lymph Node__~

- nejbéznéjsi pracovni zdravotni problém

- typ IV - kontakt kize s haptenem - reakce s koznimi proteiny a fagocytace
Langerhansovymi bunkami (APC) = prechod do lymFatickych uzlin -
prezentace lymFfocytim, vznik pamétovych bunék a jejich presun do kize 2
reexpozice chemikalii = rychla aktivace T-lymFocytu a produkce erythemu a
edemu - napr. poison ivy (Skumpa jedovata)

SENSITISATION REACTION
v v
b v
v“ - v ¥ - v
Yt Yok
éL =
s
- @3 —chY
| Migration 4\,3‘—'3@
1 : N

=
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Metody detekce ACD/CHS- odhad koncovych vystupl (edem, erytém)
- maximizacni test morcat - i.d. injekce testované latky s adjuvans
- Buehleriv uzavirajici test - lokalni senzitizace
- oba testy - po 2 tydnech aplikace na rizna mista kize a zhodnoceni vyskytu
erythemu a edemu za 24 a 48h

Latka je senzitizujici = 30% (maximizace) nebo 15% (Buehler) zvirat ma priznaky

Local Lymph 1. Apply chemical to
Node Assay both ears Days 1,.2.3 v w
— Levnéjsi alternativa — test U cloveka — Patch test
lokalnich lymfatickych uzlin
(LLNA) — aplikace latky do
‘\ ucha a méfeni klonalni
@ expanze T-lymfocytu
2. Inject *H- o ¥ \“D

thymidine IV Day 6

Y YN
© ©¢ © o

3. Remove lymph node
and measure proliferation:
5 hour after IV injection




Respiracni Alergeny — pracovni / environmentalni chemikalie
- alergické astma — Typ | (IgE) hypersensitivita s mediatory bronchokonstrikce
- 2-8h po okamzité odpovédi — astmatici prodélavaji pozdni reakci - mukosni hypersekrece,
bronchokonstrikce, ,,dychaviénost“ na nespecifické stimuli (histamin) a zanét s eosinofily

Proteins Low molecular weight (<3000)-haptens
. Spirometry
Enzymes Toluene diisocyanate .
Latex Diphenylmethane diisocyanate Adjuvants
Animal dander Phthalic anhydride Ozone
Dust mite C . litrooen dioxide
Molds Trimellitic anhydride Nitrogen dioxide
e Platinum salts D'C?L‘l cm.dw
Cockroach : Residual oil fly ash
Microbial pesticides Reactive dyes - o

Jedinci citlivi k alergii = atopici

Broncho-provocation test —
inhalace aerosolu — spirometrie
— méreni FEV1 (maximalni
objem vzduchu, ktery lze silou

Normal Lung | Inflamed Lung
VnyUkﬂOUt) and Airway and Airway

Mucous




Potravni alergie
= bezpecénost ,,Geneticky Modifikovanych Potravin“

- obavy, ze vlozeni nového genu do urody = novy alergen

- Fidky vyskyt — 5% déti, 2-3% dospélych = pokud jsou = hrozné nasledky — napfr.

arasidy
- sou€asny stav poznani plné nerozumi vztahu struktury proteinu a vzniku alergie
u nékterych jedinct T

e 4"

N s Food Allergy

Common Tnggers

- povoleni od FDA: o “

a) vyvolava donor alergii? @ ‘
, ‘ Wheezing Skln raachonsllkehlves Watery & itchy @ @

b) je AA sekvence podobna sekvenci
allergenu ?

eyes

c) jsou prenasené proteiny rezistentni
na digesci?

Runny Nose Burning sensation Anaphylaxis, including
in trouble
lipsand mouth  breathing & dizziness

Crustacean shellfish
(including
shrimp, mussels, & crab)




Autoimunita
- cca 3% populace, organoveé specificka (diabetes I) a systematické (lupus erythematosus)
- citlivost zahrnuje genetickou komponentu, v nékterych pripadech zeny citlivéjSi nez muzi
- léky vyvolany LE - napft. hydralazine, procainamide

NH N
HN ’ WUontage "!
antihypertensivum ‘ ~ ! antiarytmikum O
=\ y
g HN
- rizikovy faktor pro revmatoidni artritidu (RA) — Y’i
cigaretovy kour — korelace narustu protilatek

proti citrulinovanym proteinim
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Anatomie \

Nasal
_/ cavity
- Nostril
Pharynx
~~— Mouth
- Larynx
Right man
bronchus \
Trachsa
Right lung Left main
broncus
: Left lung
(\"-—th%«;m
N v
MNasal Stratified squamous to mucociliated epithelium with olfactory cells

Tracheo-bronchial

region muscle cells; fibroblasts; neurcendocrine cells; immune cells
Bronchioles Mucociliated epithelium with Clara cells in distal bronchioles and
alveolar ducts
Alveoli Type I and type II epithelium, alveolar macrophages

Mucociliated epithelium (ciliated, mucous cells, basal cells); smooth

Trachea

_—— Left pulmonary artery

—_— Left main bronchus

T
T ——— Puimonary veins

/- Bronchiok

Teminal

bronchiole
Branch of
pulmonary artery
o~ - .
R Branch of
- pulmonary vein
_A Smooth
muscle
T Respiratory
bronchiole
. / e
Capillary




Plice - eliminaéni systém
-Tékavé sloucéeniny
- Vyména plyni mezi krvi a alveolem pasivni difusi

- plyny, aerosoly, dym, organické /anorganické castice

Nos — prvni bariéra pro vstup toxikantli — nosni
epithel obsahuje CYPy a FMO =>detoxifikace
(indukované léze)

Trachea a bronchi — produkce tekutin a tvorba
hlenu — pohyb pfes fasinky — odnaseni
zachycenych ¢€astic — eliminace polknutim nebo
vykaslanim

Plice — vyména plyna O, / CO,

Toxicant

Source

Damage

Aluminum dust
Ammonia
Arsenic
Asbestos

Beryllium
Cadmium oxide

Chloring
Chromium

Coal dust
Hydrogen fluoride

Iron oxides
Nickel

Nitrogen oxides
Ozone
Phosgene

Silica

Sulfur dioxide

Talc

Tetrachloroethylene

Ceramics, paints, fireworks, electrical
poods

Manufacture of fertilizers, explosives,

ammonia

Manufacture of pesticides, glass,
pigments, alloys

Mining, construction, shipbuilding

Ore extraction, ceramics, alloys

Welding, smelting, manufacture of
electronics, alloys, pigments

Manufacture of pulp and paper,
plastics, chlorinated chemicals

Manufacture of Cr compounds, paint
pigments

Coal mining

Manufacture of chemicals, plastics,
photographic film, solvents

Welding, steel manufacturing, mining,

foundry work
Nickel extraction and smelting,
electroplating
Welding, explosive manufacturing
Welding, bleaching, deodorizing
Production of pesticides, plastics
Mining, quarrying, farming
Bleaching. refrigeration, fumigation
coal combustion
Rubber industry, cosmetics
Dry cleaning, metal degreasing

Fibrosis
Irritation

Lung cancer,
bronchitis

Asbestosis, lung
cancer

Fibrosis, lung cancer

Emphysema

Irritation
Lung cancer

Fibrosis
Irritation, edema

Fibrosis

Masal cancer lung
cancer, edema

Emphysema

Emphysema

Edema

Fibrosis (silicosis)

Irritation

Fibrosis
Edema




Typy toxické odpovédi:

- iritace (drazdéni) — tékavé slouc¢eniny
(NH,, Cl,) — zazeni dychacich cest -
edém ¢i sekundarni infekce po
dlouhodobé ¢i silné iritaci (ozon,
fosgen)

- fibréza - tvorba kolagenové tkané

- Silikosa (inhalace SiO,) — snaha
fagocytace makrofagy — produkce
ROS, chemokintl, tvorba kolagenu -
lyza vlastnim lysosomem =» nekréza

- Azbestosa (inhalace hore¢natych
silikatli) = zkraceni dechu, kasel

NESLUCITELNA s funkci plic

Healthy Tissue Healthy Tissue Progressive

90-yoar-oid massive fibrosis
schoolteacher 40-year-old-miner




- emfyzém — zvétSeni objemu plic s
destrukci povrchu kde probiha vyména
plynt (koufeni)

o= Enlarged view of air sacs (alveoli)

sacs with
excess mucus

Normal
healthy
air sacs

DNA (genotoxicita)

- alergické odpoveédi — mikroorganismy, prach — zazeni
dychacich cest - Farmarovy plice = spory plisni rostouci na
vlhkém sené; chronicka bronchitida = bavinény, Inény

3 - prach
X Evrggggggg‘gnd - rakovina — koureni cigaret = PAH (benzo[a]pyren) —
collasped air metabolizace CYP za vzniku reaktivnich metabolitt

Smoker’s (Cancen)

' Cinitelé poskozeni plic - ROS (‘0,; ‘OH) —
‘ peroxidace lipidi — poS§kozeni membran,



Cinitelé vyzaduijici aktivaci:

Monocrotalin (alkaloid Crotalaria
spectabilis) — nizSi davky jsou jen
slabé hepatotoxické, spojené s
poskozenim plic a pulmonarni
hypertenzi a naslednou smrti
- aktivace v jatrech

CYP3A4
-



http://plants.usda.gov/java/largeImage?imageID=crsp2_001_avp.tif
http://plants.usda.gov/java/largeImage?imageID=crsp2_002_ahp.tif

Sladké brambory Ipomeanol — aktivovan v plicich (dobytek) -
napadené plisni produkt plisné Fusarium solani - sladké
Fusarium solani brambory =» plicni edém u dobytka

Sladké . -
Poskozeni jater

brambory
CYP1AZ,
CYP3A4
ES Epoxidation = Covalent binding
—_— —>» to DNA and
\ o) OH 0 OH proteins
O
4-Ipomeanol & Fulra:d epoxitzel
eculated metabolit v , -
CYP4B1 L i e Poskozeni plic




Paraquat (PQ) — herbicid
- iniciace progrese a lézi v plicich mechanismem ,,redoxniho cyklovani“ = tvorba radikalu a

nasledny vznik superoxidu a peroxidace membran

- Nedochazi k metabolizaci v jatrech — selektivni vychytavani pres ,,polyaminovy transporter® v
Alveolarnich burnkach | a ll & polyaminy jsou inhibitory vychytavani PQ plicni tkani




Slovo zavérem ...
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Zdravé plice po cely zivot !!!

Smoking



THANKS!

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