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Takotsubo sy. a katecholaminy NP

* ucCinek KA na myokard — aktivace [3-adrenergniho receptoru
sprazeneho s G protein receptorovou kinazou 2 (BAR-GRK?2)

« aktivace navazaného G proteinu do stimulacni formy (GSs)
spousti kaskadu ,druhych poslu® s aktivaci enzymu
(adenylcyklaza, fosfolipaza c) — zvyseni c-AMP — aktivace
proteinkinazy A (PKA) — fosforylace — kontraktilni odpoved

« hypotéza (r. 2008): T cirkulujici adrenalin — pfesmyk proteinu
Gs do inhibicni formy Gi — negativni inotropie s maximem v
apikalnim myokardu

« existence gradientu BAR v levé komore (hrot — baze)
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Metabolické uc€inky katecholaminu

- T aerobni glykolyzu, glykogenolyzu, glukoneogenezi, T
ketogenezi, | syntézu glykogenu

» proteolyza — poskytuje glukézove prekurzory

« zdravy myokard: (-oxidace mastnych kyselin

« katecholaminy = akceleratory metabolismu (,hofeni")

« za patologickych stavi — mitochondrialni ,uncoupling®, T OS,
! antioxida&ni ochrany, progrese mitochondrialni dysfunkce

* U takotsubo sy. zatim opomijeny
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Oxidacni stres (OS)

« OS: nerovnovaha mezi oxidanty (T) a antioxidanty ({)

* tvofi reaktivni druhy (RD) — balast elektronu z metabolickych
reakci

* RD: radikalove (tzv. volné radikaly) a neradikalove

* nejvyznamneéjsi RD: ROS, RNS, siry, selenu, chloru, bromu,
aldehydy

« reaktivita ruznych RD se liSi az o 11 fadu; nizka (napf¥. H202),
extréemneé vysoka (hydroxylovy radikal OHe)

 >90 % RD vznika v mitochondriich (méné v ER/SER, na
membranach), zvlasté Cinnosti oxidaz (Nox — dychaci retézec,
CYP 2J2, XO, LD)
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Oxidacni stres, antioxidacni ochrana

. zdravé Zeny ve véku 19-78 let: T peroxidace lipidd
(malondialdehyd — MDA)

« TOSu patologii: hypertenze, HLP, DM, metabolicka,
neurodegenerativni, respiracni a zanétliva onem., malignity;
predstavuji komorbidity takotsubo sy. (TTS)

« antioxidacni ochrana: humoralni (glutathion, antioxidacni
vitaminy) a enzymaticka (CAT, SOD, GPX)

. koncentrace celk. glutathionu u zdravych jedincli 4 s vékem
(vék 60 az 79 let)

« Takotsubo sy.: T GSSG, T GSSG/GSH; T 8-OHdG
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Zdroje OS u takotsubo sy.

Exogenous sources (environmental - Food (e.g., wasabi, shellfish), drinks (e.g., alcohol, energy drinks)
factors) - Catecholamines (exogenous source)
- Toxins, chemicals, drugs (incl. tobacco, caffeine, cocaine), allergens,
vaccines, blood transfusion
- Photochemical smog (incl. UV radiation, pollution from transport and
industry)

Endogenous sources - Physical stress
- Emotional stress
- Catecholamines (endogenous source)
- Emergency and acute clinical conditions (incl. infections)
- Fenton reaction (i.e., all conditions associated with bleeding including
injuries, operations, invasive procedures)
- Epileptic seizures
- Immunopathological conditions and diseases (incl. acute allergic reactions
and delayed-type hypersensitivity)
- Acute and chronic inflammations
- Chronic disorders (e.g., autoimmune, degenerative, demyelinating,

metabolic) ’
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Zdroje OS u takotsubo sy. - leky

Drug

Drug characteristic Chemical formula Substrate for cytochrome P450 isoform or Other CYP/enzyme interaction CYP inhibitory Half life
other promiscuity
5-fluorouracil Pyrimidine analog CaHaFN2O2 P4A50 1A2, 2A6, 2C8 P450 2C9 ({) Low 10-20 min
Albuterol p2-adrenergic receptor CizHa NO; P450 3A4 (1) Low 27-5h
agonist
Alicpurinol Hypouremic agent CsHaNsO Aldehyde oxidasa, XO Low 1-2h
Anagrelide Thrombocytosis/chronic C1oH7Clz2NaO P450 1A2, 3A4 P450 1A2 () Low 13h
myeloid leukemia treatment
Atorvastatin Statin, lipid-lowering drug CaaHas FN2 Oy P450 3A4, 3A5, 3A457, 3A7, 2C8 P450 2C8 ({), 2D6 (1), 2C9 (i), 2C19 High 14 h
(4), 2B6 (1)
Atropina Cholinesterase inhibitor Ci7H2aNO3 Muscarinic acetylcholine M1-5 receptors Not applicable Not applicable 20 min
Aatinb Tyrosine kinasa inhibitor CoHiaN.OS P450 3A4, 3A5, 1A2, 2C19 Not applicable 256.1h
Bevacizumab Monoclonal antbody CgeaaH10024N 171602003824 Complement, immunoglicbulins
Bleomycin Antibiotic, antineoplastic CssHaaN17091 5, P450 3A4 Low 115 min
Capecitabine Chemotherapeutic CigHasFN2Og P450 289 P450 2C9 (1}) Low 45-60 min
Carboplatin Organopiatinum, CeH12N2C4PL Myecloperoxidase; Glutathione S-transferasa XO (1); SOD Cu-Zn () Low 11-2h
antineoplastic agent theta-1, P, Mu 1; Metaliothionain-1A, 2;
NAD{P}H dehydrogenase
Cefotiam Ceaphalosporin CiaHraNg04 S5 P450 344 Low th
Cetuximab Monocional antbody CeaaaHio0a2N 1732002002836 Not applicable Compilement, immunoglobulins Not applicable 75-188 h
Cisplatin Organopiatinum, ClHeNzPt Glutathione S-transferase theta-1, P, Mu 1; Myeloperoxidase (1), XO (1), P450 Low 30 min
aniineopiastic agent Metallothionsin-1A, 2; Suparcxide dismutase 4A11 (1), 2C8 (1), 2B6 (1),
Cu-Zn; NADPH dshydrogenase cholinesterasa ({), Prostaglandin G/H
synthase 2 ()
Combretastatin Antimitotic agent CiaH20g Cytochrome c releass Not applicable Not
applicable
Cortisol Steroid hormone Cz1HaOr P450 3A4, 3A5, 3A7, 11B1, 1182, P450 3A4 (1), 2C8 (1), 2A6 (1), 1B1 Low 215h
Corticosteroid 11-beta-dehydrogenasa (1), 2B6 (1), 2C3 (1), 2C19 (1)
Cyclophosphamide  Chemotherapeutic, CiH{sCbNoO P P450 286, 2C9, 2C19, 2A6, 2C18, 3A5 P450 3A4 (1), 2B6 (1), 2C8 (1) Low 312h
immunosupprassive agent
wyiarabine Chemotherapeutic, CgH1aN2Ox P 450 3A4 Low 10 min

Pyrimidine nuclecsida
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Zdroje OS u takotsubo sy. - léky NP

« cca 65 léku — ,spoustécu” akutni ataky TTS

« 16 lIéku (mj. 5-fluorouracil, cyklofosfamid, kortizol, prednison) —
substraty pro vice druhtt CYP

« Vv protinadorovych rezimech kombinace chemoterapeutik

. dexametason T OS v hipokampu aZ o0 200 %; nejvy$si narast
OS za 4 hod. po podani

e organicke derivaty platiny (cisplatina, oxaliplatina) jsou
substraty pro enzymy OS (XO, myeloperoxidaza), ale také
antioxidacni (GST, SOD, metalothioneiny)

« monoklonalni protilatky jsou degradovany na proteinove
fragmenty a vyluCovany z téla (bez CYP); tisice atomu O, N v
molekule
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Zdroje OS u takotsubo sy.

Fentonova reakce muze byt zdrojem OS pro vSechny TTS
spojené s krvacenim, v¢. poranéni, operaci, invazivnich vykonu
popsana v r. 1894 H. J. H. Fentonem; probiha ve tkanich za
pritomnosti H202 a iontového katalyzatoru — Fe, Cu, Co
(schopnost cyklické oxidace a redukce):

H,O, + Fe* »> HO- + OH™ + Fe3*

typicky pfri uniku krve mimo vaskulaturu

7070 pac. s TTS: nejvyssi vyskyt akutnich atak v pozdnich
letnich meésicich

muZze souviset s tzv. fotochemickym (lethim) smogem;
popsan v Los Angeles za 2. sv. valky

vznika spalovanim kapalnych paliv pfi sluneCnim zareni —
oxidy siry, dusiku (NOZ2), ozon




Blokada energie - pretizeni vapnikem Q?

« spravna funkce vs. dysfunkce mitochondrii a ER/SER

 intramitochondrialni Ca2+ fidi produkci energie modulaci
pyruvatdehydrogenazy a dalSich enzymu cyklu trikarboxylovych
kyselin; intracelularni Ca2+ je mediatorem kontrakce

« SERCA resp. Na+/Ca2+ vymenik (NCX) vyCerpavaji Ca2+ z
cytoplazmy do SER resp. do extracelularniho prostoru —
ukonceni kontrakce:

. tvorba RD s TTT OS — blokada tvorby energie — intracelularni
pretizeni Ca — rozpojeni excitace-kontrakce

« OS: | uginek KA na myokard | aktivace BAR-GRK2 az o -50% v
experimentu




Oxidacni stres u takotsubo sy. .
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Oxidacni stres u takotsubo sy.
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Zaver

* hypotéza uCinku OS u TTS se opira o fadu nepfimych dukazu

« OS z ruznych zdroju Ize identifikovat jeSté pred rozvojem akutni
ataky TTS

* popsané mechanismy se mohou uplatnovat v ramci neuro-
myokardialni interference

+ Kklicova efektorova struktura — SERCA, BAR-GRK2, CYP 2J27?

 TTS je zfrejme komplexnegjSi patologie, nez se zatim zda
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Dekuji za pozornost

https://www.frontiversin.org/articles/lO.3389/fcvm.2021.732708/fu||
Podporeno MZ CR — RVO (FNBr, 65269705)
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