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* Plice — jediny vnitini organ v kontaktu s vnéjSim prostfedim

» celkova plocha 100 m2, z toho asi 4 m2 dychaci cesty

« velka kontaktni plocha Cini dychaci ustroji velmi citlivym ke kysliku ale také skodlivinam

wvw s

» cigaretovy kouf

* oxidy siry a dusiku, ozon — vyvolavaji zanét

» azbest, kfemik, oxid kiemicity — depozice,

karcinogeneze?

* paraquat, syntetické xenobiotika

A light micrograph of a human lung containing particles of
inspired coal dust (anthracosis). The black masses shown
are groups of coal dust particles. (Photograph by Astrid &
Hanns-Frieder Michler, Photo Researchers, Inc. Reproduced by
permission.)
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Cigaretovy kour

* bylo v ném identifikovano vice nez 3000 sloucCenin, z nichz minimalne 50 je
karcinogennich

* jeden vdech cigaretového dymu obsahuje az 1017 ROS

* zpusobuje inaktivaci antiproteas, peroxidaci lipidi bunéénych membran, aktivace

transkripCnich faktoru (NF-«B) a genu, poskozuje DNA a vede k bunécné smrti nebo
karcinogenezi

A mormal lung (lett) and the ung of a cigarete smoker {Aghti. (Fhofograph by 4. Gnberan, Sholo Aessanciers. inc. Aepo-
oS By pormission. )

» v alveolach dochazi k zanétu a mikrohemoragiim, které

An x-ray Image showing an ovalshaped carcinoma in the

vedou k depozici zeleza a Cerné pigmentaci tkané
lall lung (Fight of image). (Costom Medica! Stock Pholo,

Raproaducad by parmission. |
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ARDS (adult respiratory distress syndrome)
« akutni selhani plic zpusobené edémem

* vznika z ruznych pficin: téZky Sok, aspirace obsahu zZaludku, popaleniny, masivni
infekce, traumata, diseminovana intravakularni koagulopatie, anafylaxe, pusobeni
toxinU, pankreatitida, uremie a jiné

» pneumocyty postizené Skodlivinami uvolfiuji chemokiny — chemotaxe neutrofilt

« aktivované neutrofily jsou vydatnym zdrojem superoxidu a kyseliny chlorné, uvolfuji se
z nich také proteolytické enzymy kolagenasa a elastasa — tim jsou poskozované
kapilarni membrany a zvySuje se jejich permeabilita

* v akutnim stadiu ARDS se alveoly plni tekutinou a erytrocyty, neutrofily, makrofagy a
bunéCnymi fragmenty

« pneumocyty l.typu jsou poskozené a endotelie zdufené — vznika intersticialni edem

* byla dokazana vyssi koncentrace H,O, v misté poSkozeni
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DalSi patologické stavy spojené s uCasti ROS u zanétu: ,
r—'-) Non allergic factors

* CHOPN - chronicka obstrukcni plicni p Arigen
Macrophage |
Nnemaoc, Y lk LTB4 PAF
« CHB — chronicka bronchitida L
Th2 ymphoots TP B lymphooyte
* bronchialni astma L5 GMCSF
L4
* kryptogenni fibrotizujici alveolitida o
I Chemoattractants
w
Neutrophil
Eosinophil ¢ HJ
Thickening of Hypertraphy of \ -
basement membrane smooth muscle vee | ece LTC4  LTD4
Mucaus plug
rI:u‘!ucuslgla_‘nd &
yperpiasia Vasodilatation Epitheli Gobie: cell
_ PERCERRRN pithelal :
shedding - p (T
Mucus plug Desquamation g
of epithelium BM-CSF, IL6, L1 e aaaaau
Uedema of mucosa RANTES, IL8 Rt N LTC4
and submucosa;
inhl_traﬁ%r_-‘l by lP@sma
eosinophils and eakage
neutrophils ﬁ b A
D' ) —
FIG. 13.31 The pathology of asthma Nl 2;1_1 il
Intense inflammation, with cedema and intraluminal mucous plugs, is the striking Z - Efferent nerve

pathnlogy of asthma. Bronchoconstncn.@ —

Ineraction of inflammatory cells, inflammatory mediators and reflex mechanisms in the airway wall in asthma.



Uloha ROS a RNS u plicnich nemoci

Interakce imunitnich bunék u astmatu

O O FeeRI signaling
Allergen O
PAF
o]
Histarnine

Immediate reaction
.T ce_].l recepior el adhesion LTS
signaling pathway mnlecnles o Bronchospasm
Edema
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Aontigen processing
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o]
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(Lung) R .
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Perspektivy diagnostiky — analyza vydechovaného vzduchu, kondenzatu, resp. sputa

 u astmy — zvySena koncentrace vydychovaného NO a pfitomnost eosinofilt v sputé,
zvySena koncentrace 3-nitrotyrosinu, nitrosothioll v sputé, zvySena koncentrace
cysteinyl-leukotrienu LTE4, LTD4, LTC4 a 8-isoprostanu v kondenzatu vydechovaného
vzduchu

* u kurakud byla pozorovana vyssi koncentrace CO ve vydechovaném vzduchu —
souvislost s aktivaci hem-oxygenasy 1 (HO-1) aktivované makrofagy

Hem b + 30, + 3"2NADPH + 3'2H* + 7e- — biliverdin + Fe?* + CO + 3%2NADP* + 3H,0

* u vSech vySe uvedenych stavu jsou detekovany zvySené koncentrace H,0O, a
malondialdehydu v kondenzatu

 u kuraku s COPD — detekovany vyssi koncentrace kovu v kondenzatu (Cd, Pb, Al)
zdroj: Corradi M., Mutti A. Acta Biomed. 2005; 76(Suppl 2): 20-29.
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Pneumotoxicke latky
 paraquat — N,N’-dimethyl-4,4"-bipyridinium dichlorid
* herbicid zasahujici do elektrontransportniho rfetézce ve fotosystému |

« patfi do skupiny viologenu — radikalove formy jsou zabarveny (A, ., = 600 nm)

HC-N' \ NCH,

2 Cl-
* v lidském organizmu je vychytavan polyaminovym systémem a akumulovan v plicich

* je metabolizovan na stabilni kation-radikal enzymaticky NADPH-cytochrom P-450
reduktasou (Clejan and Cederbaum, 1989), NADH:ubichinon oxidoreduktasou (complex
l) (Fukushima et al., 1993; Yamada and Fukushima, 1993), xantinoxidasou (XO)
(Winterbourn, 1981; Kelner et al., 1988; Waintrub et al., 1990; Kitazawa et al., 1991),
nebo NO-synthasou (NOS) (Day et al., 1999) a nasledné s kyslikem je regenerovan na
dikationt a superoxid (vytvari se redoxni cyklus)

PQ2+ —_— PQ+
PQ*+0, —= PQ% + 0O,
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Rizikové faktory

» zvySené koncentrace celkového cholesterolu (TC), LDL-cholesterolu (LDL-C), snizené
koncentrace HDL-cholesterolu (HDL-C), arterialni hypertenze, koureni, diabetes mellitus
(DM), oxidacni stres

Patologickeé stavy
» dysfunkce endotelu a ateroskler6za

* ischemicko-reperfuzni syndrom, transplantace srdce, akutni infarkt myokardu,
subakutni a chronicka ischemicka choroba srdecCni, reperfuzi-indukované arytmie,
kongestivni srde€ni selhani, srdeCni hypertrofie

bt A. Normal B. Atheromatous plagque C. Plague dissection and acute expansion

Hyperplasia of | / and macon
endothelial cells
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Ateroskler6za

« vyznamny vplyv na poSkozeni endotelu ma pomer koncentrace NO a superoxidu

* NO ma antiaterogenni efekt — zplsobuje vazodilataci, sniZzuje adhezi a agregabilitu
krevnich desticek, sniZzuje adhezi a migraci leukocytl, sniZuje produkci superoxidu,
snizuje oxidaci LDL, snizuje syntézu DNA, mitogenezi a proliferaci bunék hladké
svaloviny

* pfi zvySeném pomeru koncentrace superoxidu a NO dochazi ke tvorbé ONOO- a
oxidacnimu poskozeni endotelu Apolipoproteins

FIGURE 17-2 Molecular structure of a chylomicron. The surface is v

a layer of phospholipids, with head groups facing the aqueous phase.

Triacylglycerols sequestered in the interior (yellow) make up more than p_
80% of the mass. Several apolipoproteins that protrude from the sur-

face (B-48, C-lll, C-ll) act as signals in the uptake and metabolism of Cholesterol

Phospholipids

chylomicron contents. The diameter of chylomicrons ranges from Triacylglycerols and
about 100 to 500 nm. cholesteryl esters
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Low-density lipoprotein (LDL)

* ma molekulovou hmotnost asi 2500 kDa, jadro obsahuje asi 1600 molekul esterU
cholesterolu a 200 molekul triacylglcerolt; vnéjsi obal je tvofen asi ze 700 molekul
fosfolipidu, 600 molekul cholesterolu a apolipoproteinu B-100

* na efektorovych bunkach (témér vSechny bunky) — receptor pro LDL, ktery rozpoznava
pravé apolipoprotein B-100, jeho molekulova hmotnost je asi 160 kDa

* jsou citlivé ke oxidaci a povrchové modifikaci (glykace, acylace)

» potom nemuzou byt rozpoznany LDL-receptorem efektorovych bunék, ale cirkuluji
krevnim recistem

» poSkozenim fosfolipidové obalky ziskavaji toxicky potencial pro endotel, jsou schopny
pronikat do cévni stény

* jsou rozpoznatelné pro makrofagy — vznikaji pénové bunky

* pusobenim volnych radikalt, produkovanych makrofagy dochazi k iniciaci
lipoperoxidace

» bunky hladké svaloviny a makrofagy produkuji cytokiny a dochazi k chemotaxi dalSich
monocytu
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Obr: 5.2, Mechanizmus glykdcie a glykooxiddcie LDL u pacientov s dia-
betes mellitus
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Obr. 53.6. Biologické ucinky silne oxidovanych LDL
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Liningof  Monocyte - Muscle
....15'—"'",-"':2.‘_

High cholesterol levels,
high blood pressure,
diabetes, obesity, viruses,
cigarette smoking, etc.,

i Monocytes, which become
cause injuries to the

macrophages when they leave

lining of the artery, the bloodstream, and T-cells
creating areas where penetrate the lining of the artery.
higher levels of lipids The macrophages soak up lipids,
are trapped. becoming large foam cells and

Monocytes (the largest of the distorting the inner surface of the
white blood cells) and T-cells artery. Blood flow becomes

are attracted to the injury. restricted. i

Foam cell

The result is a fibrous
lesion, made up in part
of muscle cells, proteins,
and collagen, that has at
its center a pool of lipids
and dead cells. Blood
flow can be very nearly
cut off by the blockage.

Further injury is inflicted by foam cells
attempting to remove lipids back to the
lungs, liver, spleen and lymph nodes
by again passing through the lining of
the artery.

When the arterial lining becomes
separated over the growing mass of

foam cells, platelets are atiracted to the

site and begin the process of clot formation.
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Diabetogenni latky

Alloxan — model DM |
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W ] g
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Fig. 2. The mechmiismn of swreptozotocin (5TZ)-induced
foxie events in 8 cells of rat pancveas. MIT -
mitrachardria; XD — yanhine axiguase
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Karboxymethyllysin (CML)

Obr. 6.6. Oxidacnd degraddcia Amadoriho produktu na karboxymetyllyzin
(Brownlee, 1989)
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Obr.6.5. Chemické struktury AGEs (Janebovd a kol., 1999)
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Produkty pokrocilé glykace proteint (AGE)
* jsou schopny samotneé tvorit superoxid nebo H,O,
* monocyty a makrofagy maji specialni receptory pro AGE, tzv. RAGE

* interakce s nimi vede k imunitni odpovédi, nadprodukci adheznich molekul a
lokalnimu poskozeni tkani

« AGE-modifikované proteiny muzou aktivovat procesy nadmérné proliferace cév,
COZ se projevuje zejména u diabetické retinopatie

» modifikaci metabolizmu glukozy a aktivaci polyolové cesty se v bunkach meéni
pomér NADPH/NADP* a stoupa pomér NADH/NAD*, coz je situace podobna hypoxii

* hyperglykemicka hypoxie a nadbytek NADH vede k zvySené syntéze
diacylglycerolu (DAG) a pfi zvySené retenci Ca?+ v burice k aktivaci proteinkinasy C
(PKC), zvySuje syntézu prostaglandinu, endotelinu 1 a snizuje syntézu NO

» tim prispiva ke vazokonstrikci v sitnici a moduluje hemodynamiku v ledvinach
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O
Hlavni chromofory kuze: Ne
* nukleové kyseliny V4 ““”}*lr” " SOH
« aminokyseliny tyrosin a tryptofan “x%,;f N
o bl'Ikoviny H yselina urokanova
* melaniny

* lipidy, zejména obsahujici PUFA
* kyselina urokanova

Stratum corneum EpidEFmis— TR
Stratum lucidum
Stratum gr.lnuluEum_ Dermis —
Stratum spincsum | ‘ r-:'r--'
i £ Subcutaneous
tissue
Stratum basale -
Blood vessels

Nerve Hair follicle
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Zdroje poskozeni:

» UV C zareni
*energeticky nejbohatsi, pohlcovano ozonovou vrstvou, 200-290 nm, je schopno
pfimého posSkozeni DNA (zejména tvorba cross-links)

« UV B zareni
«290-320 nm, zpusobuje zejména uzeh, pronika do stratum corneum, muze
poskozovat DNA a proteiny pfimym i nepfimym zpusobem, podporuje tvorbu
ROS, zejména singletového kysliku, superoxidu, peroxidu vodiku a
hydroxylového radikalu

« UV A zareni
«320-400 nm je odpovedné za veétSinu senzibilizaCnich a fototoxickych reakci,
podporuje tvorbu ROS, zejména singletového kysliku, superoxidu, peroxidu
vodiku a hydroxylového radikalu

* tepelné poskozeni
* radiace
* frauma
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Specifické antioxidacni systémy kuze:
* keratinizace

* melaninova pigmentace — absorpce fotond a proména na teplo, pseudodizmutazova
aktivita

* kyselina frans-urokanova

« antioxidaCni enzymy, zejména SOD, peroxidasa, katalasa, GSH-peroxidasa
 nizkomolekulové antioxidanty — vit. E, GSH, cystein,

v dermis se hromadi karoteny — vyborné zhasecCe singletoveho kysliku

» ozareni UV A indukuje tvorbu HO-1 a jeji aktivitou vznikaji z hemu biliverdin a
bilirubin

Tab. 10 Mechanismy tvorby volnych radikdlii fotoreakcemi za vicasti melaninu [8]

Primé fotoreakce Fotoreakce se senzibilizdatorem
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Obr. 42 Raper-Musonovo schéma melanogeneze

T - tyrozindza, TRP-1 — , tyrosinasc-related” protein 1, TRP-2 -, tyrosinase-related protein 2, tyr — ty-
rozin, cys — cystein, DQ - dopuchinon, DC - dopachrom, CD - leukodopachrom (cyklodopa), DHI —
5,6-dihydroxyindol, DHICA — §,6-dihydroxyindol-2-karboxylovd kyselina, IQ — indol-5,6-chinon,
ICAQ - indol-3,6-chinon-2-karboxylovd kyselina, 5-S-cysdopa — 5-S-cysteinyldopa
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Figure 1 Diagram to show the progression of the mammalian cell cycle and the relationship between
regulatory molecules involved in cell cycle control.
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transcriptional
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FIGURE 12-46 Regulation of passage from G1 to S by phosphory-
lation of pRb. When the retinoblastoma protein, pRb, is phosphory-
lated, it cannot bind and inactivate EF2, a transcription factor that pro-
motes synthesis of enzymes essential to DMNA synthesis. If the
regulatory protein p53 is activated by ATM and ATR, protein kinases
that detect damaged DNA, it stimulates the synthesis of p21, which
can bind to and inhibit cyclin EZCDK2 and thus prevent phosphory-
lation of pRb. Unphosphorylated pRb binds and inactivates E2F, block-
ing passage from G1 to S until the DNA has been repaired.
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Fig. 9.23. Mechanism of bleomycin (BLM) action. The species that attacks DNA is thought
to be a ferric peroxide, BLM~Fe(1m—O>H . [t can be formed by direct reaction of ferric
bleomycin with H2O», or from a BL-M—FE([[I)—O-:J_ complex. Diagram adapted from Sugiura
et al. (1982) Biochem. Biophys. Res. Commun. 105, 1511, with permission. Under appropriate
conditions, BLM~Fe(Im—0O3F  might decompose to release O3, and BLM—Fe(1m)-O,H ™ to
release OH®, explaining why these radicals have been detected (e.g. by spin-trapping) in some
bleomycin-containing systems (e~ represents a reducing system, c.g. thiols, ascorbic acid, O~
or reductase enzymes). The mechanism of bleomycin action resembles the catalytic cycle of

cytochrome P450 (Chapter 1). (Chem. Rev. 98, 1153 (1998)).
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Obr. 44 Vyznam reaktivnich forem kysliku v mechanismu toxicity doxorubicinu
a ochrana antioxidanty
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Fig. 9.20. The structure and metabolism of some carcinogens.
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