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Abstrakt

4

v rozvinutych zemich. ZlepSeni klinického obrazu pacientl s infarktem myokardu a Gispé$na prevence
postischemického srdecniho selhdni vyzaduje pouziti novych 1écebnych postupii, které by ochranily
srdce pfred zhoubnymi disledky ischemického poskozeni. Pfenos experimentalnich
kardioprotektivnich postupti do klinické praxe zatim neni uspés$ny; pietrvava proto potteba hledat nové
efektivni strategie pro prevenci a 1écbu srdecni ischemie.

V nasi praci jsme se proto pokusili vyzkouset nové protektivni postupy, s cilem ochranit myokard
pted postischemickym srde¢nim selhdnim, vyvolanym u laboratornich potkanti podvazem koronarni
arterie. Sledovali jsme preventivni a terapeuticky vliv adaptace na kontinualni normobarickou hypoxii
(CNH, 12 % 0O»), preventivni a terapeuticky vliv fyzické zatéze (b&haci pas) a vliv farmakologického
ovlivnéni hladiny epoxyeikosatrienovych kyselin (EET) na pribéh postischemického srdecniho
selhani. U prvnich dvou piistupli byly jiz diive prokdzany kardioprotektivni G€inky pii akutnim
ischemicko/reperfuznim poskozeni, projevujici se zmensenim rozsahu infarktu myokardu. EETs jsou
znamé pro své antihypertenzni U€inky, a zdaji se proto vhodné pro vyzkum klinicky relevantnich
modeli kardioprotekce u hypertenznich zvitat.

Nase vysledky ukazaly, ze:

- Preventivni adaptace na CNH m¢éla vyznamny antiarytmicky efekt, coz vedlo ke zlepSenému
prezivani; srde¢ni funkce v pribéhu postischemického srdecniho selhdni vSak ovlivnéna nebyla.
Kardioprotektivni vliv preventivni adaptace na fyzickou zatéz se v nasem experimentalnim uspotadani
prokézat nepodafilo.

- Terapeutickd adaptace na CNH zpomalila prib¢h postischemického srde¢niho selhani a zlepsila
srdecni funkci. Obdobné jako u preventivni adaptace jsme nepozorovali ani u terapeutické adaptace na
fyzickou zatéz kardioprotektivni vliv na postischemické srdecni selhani.

- Preventivni podavani EET-B (analog EET) mé¢lo vyznamny antiarytmicky efekt, coz vedlo ke
zlepsSenému piezivani spontanné hypertenznich potkanti; zlepSilo rovnéz postischemickou funkci
srdce.

- Soucasné terapeutické podani EET-A (analog EET) a c-AUCB (inhibitor solubilni epoxid hydrolazy)
zlepsilo funkci levé komory u normotenznich potkanit kmene Hannover Sprague-Dawley
s postischemickym srdecnim selhdnim. Samostatné podavani téchto latek kardioprotektivni efekt
nemélo. Terapeutické podani EET-A a ¢c-AUCB nemélo vliv na postischemické srde¢ni selhdni u
transgenniho kmene potkanti s angiotenzin Il dependentni hypertenzi.

Nase vysledky ukazuji, ze mechanismy, které zvysuji odolnost srdecniho svalu k akutni ischemii,

mohou protektivné ovlivnit rovnéz jeho postischemickou funkci a remodelaci.



Abstract

Ischemic heart disease and resulting heart failure (HF) belong to the leading causes of death in
developed countries. In order to prevent HF and improve clinical outcome in patients with myocardial
infarction, novel therapies are required to protect the heart against the detrimental effect of ischemic
injury. Due to the failure to translate numerous available experimental cardioprotective strategies into
clinical practice, the need for novel protective treatments persists.

We have, therefore, tried to apply a novel approach to cardiac protection against the postischemic
HF induced in rats by ligation of the coronary artery. For this purpose, we have studied (i) the
preventive and therapeutic effects of adaptation to continuous normobaric hypoxia (CNH; 12% O»)
and exercise training (ExT; treadmill running), and (ii) the possible cardioprotective potential of
epoxyeicosatrienoic acid (EET)-based therapy in order to attenuate the postischemic HF in rats.
Adaptation to CNH and ExT is known for their cardioprotection in acute ischemia/reperfusion (I/R)
injury manifested as reduction of infarct size. EETs exert antihypertensive effects and thus seem to be
perspective for the research in clinically relevant models of cardioprotection in hypertensive animals.

Our results have revealed that:

- CNH prior to the I/R insult improved survival bud did not affect cardiac function in postischemic HF
in Wistar rats. EXT prior to the I/R insult had no significant effect on cardiac function in postischemic
HF in our experimental setup.

- Therapeutic adaptation to CNH attenuated the progression of postischemic HF in Wistar rats. On the
other hand, therapeutic ExT did not affect the postischemic HF.

- Preventive EET-B (EET analogue) treatment led to the increased survival in spontaneously
hypertensive rats subjected to I/R insult and improved cardiac function in postischemic HF.

- Therapeutic administration of EET-A (EET analogue) combined with ¢-AUCB (inhibitor of soluble
epoxide hydrolase) improved cardiac function in normotensive HanSD rats with postischemic HF.
Single therapies did not provide a cardioprotective effect in normotensive HanSD rats. Postischemic
HF was not affected by the therapeutic administration of either EET-A or ¢-AUCB treatment in
hypertensive TGR.

Based on our results, we can conclude that protective mechanisms leading to increased cardiac
tolerance to acute ischemia could play an important role also in postischemic cardiac remodelling and

function.
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epoxyeikosatrienova kyselina / epoxyeicosatrenoic acid
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solubilni epoxid hydrolaza / soluble epoxide hydrolase

sttedni chyba priiméru / standard error of the mean
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Ren 2 transgenni potkan / Ren 2 transgenic rat



1. Uvod

Ptes neuspésnou snahu o nalezeni efektivni klinické kardioprotektivni terapie v poslednich 50 letech
nelze pochybovat o tom, ze hlavnim cile zistava ischemicko/reperfuzni poSkozeni myokardu.
Pretrvava tedy potfeba zmiriiovat Skodlivé Gc€inky akutniho ischemického poSkozeni myokardu,
pfedchazet nasledné remodelaci levé komory a tlumit rozvoj srdecniho selhéani.

Razné kardioprotektivni strategie maji antiapoptoticky a protizanétlivy efekt. Tyto dva mechanismy
hraji kli¢ovou roli v postischemické remodelaci srdce a vybrané kardioprotektivni piistupy tedy ma;ji
potencial piedchéazet rozvoji postischemického srde¢niho selhani a zmirfiovat jeho prubéh. Vliv
takovych kardioprotektivnich pfistupi na rozvoj srde¢niho selhani pfitom Casto neni znamy. Tato
disertacni prace se vénuje n¢kolika z nich, konkrétné adaptaci na kontinudlni normobarickou hypoxii
(CNH), zvysenou fyzickou =zat¢z (ExT) a lécbé zaloZzené na zvySovani tkanové hladiny
epoxyeikosatrienovych kyselin (EET). Terapie zalozené na EET jsou pfitom casto spojeny s
antihypertenznim efektem u riznych experimentalnich modeli a mohly by proto byt vyuzity ke studiu
klinicky relevantnich kombinace kardiovaskuldrnich chorob u hypertenznich zvifat.

Tato prace se pokousi pfispét k identifikaci novych strategii efektivni prevence a lécby

postischemického srde¢niho selhani.

2. Cile prace
Specifické cile prace byly:

1. Zjistit vliv kontinudlni normobarické hypoxie a zvySené fyzické zatéze pred
ischemicko/reperfuznim poskozenim na postischemické srde¢ni selhani u potkan.

2. Zjistit terapeuticky vliv adaptace na kontinualni normobarickou hypoxii a zvysenou fyzickou
z4téz na postischemické srdecni selhani u potkanti.

3. Zjistit vliv analogu epoxyeikosatrienové kyseliny EET-B na postischemické srde¢ni selhani u
spontanné hypertenznich potkant.

4. Zjistit vliv analogu epoxyeikosatrienové kyseliny EET-A a inhibitoru solubilni epoxid
hydrolazy c-AUCB na postischemické srde¢ni selhani u normotenznich a Ren 2 transgennich

potkanti s angiotenzin II dependentni hypertenzi.



3. Material a metodika

Experimentalni protokol kontinualni normobarické hypoxie

Potkani Wistar byli vystaveni kontinudlni normobarické hypoxii (CNH; frakce O 0,12)
v normobarické komote. Tato adaptace trvala po dobu 3 tydni pfed ischemickym zasahem (CNH +
MI), nebo 3 tydnt po 7 dnech od ischemie (MI + CNH).
Experimentalni protokol zvySené fyzické zatéze

Potkani Wistar byli vystaveni zvySené fyzické zatézi (nucenym béhanim na béhacim pasu) po dobu
2 tydnt pred ischemii (ExT + MI). B€hem prvnich 5 dnti byla intenzita zatéZe postupné zvySovana a
po dvoudennim odpocinku pokracoval petidenni protokol fyzické zatéze (30 m/min, 60 min/den, sklon
0°) a dalsi dva dny odpocinku pie ischemickym zasahem. Terapeuticky protokol (MI + ExT) byl
zahdjen 7 dni po ischemii a po tydenni habituaci (5+2 dny) pokracoval dalsi dva tydny v plné intenzité
(15 m/min, 60 min/den, 5 dni/tyden).
Experimentalni protokol ovlivnéni hladiny epoxyeikosatrienovych kyselin

Spontanné hypertenznim potkanim (SHR) byl poddvan analog epoxyeikosatrienové kyseliny (EET)
(EET-B; 10 mg/kg/den, p.o.) po dobu 2 tydni pted a 7 tydnl po ischemii. Kontrolni skupiné bylo
podavano vehikulum (0,05% ethanol a 0,10% polyethylene glycol 400). Potkaniim Hannover Sprague-
Dawley (HanSD) a Ren-2 transgennim potkanim (TGR) byl podavan analog EET (EET-A; 10
mg/kg/den, p.o.), inhibitor solubilni epoxid hydrolazy (sEH) (c-AUCB; 1 mg/kg/den, p.o.) a jejich
kombinace ve vodném roztoku. Podavani bylo zahé4jeno 24 hodin po ischemii a trvalo 5 tydnd.
Model postischemického srdecniho selhani

Anestetizovani potkani (pentobarbital sodny, 60 mg/kg, i.p.) byli intubovani a ventilovani (68
dechti/min, ventilacni objem 1,2 ml/100 g). Rektalni teplota byla udrzovana mezi 36,5°C a 37,5°C. Pti
levostranné thorakotomii byla provedena 60 minutova okluze levé sestupné vétve koronarni arterie (30
minutova u SHR). Nésledné byla operacni rana zaSita, zvifatim byla podana analgetika a jejich stav
byl monitorovan do celkového probuzeni.
Hodnoceni srde¢ni funkce a geometrie

Geometrie a funkce srdce byly hodnoceny u anestetizovanych zvitat (2% isofluran) pomoci
echokardiografie. Rektélni teplota byla udrzovana mezi 36,5°C a 37,5°C a byla sledovana srde¢ni
frekvence. Echokardiografické vySetieni bylo provedeno na zacatku experimentu, pfed ischemii a na
konci experimentu, neni-li uvedeno jinak. Na konci experimentu bylo déle provedeno vySetieni
tlakovym katetrem. Srdce byla nasledné odebrana a byla stanovena velikost jizvy (barveni Picrosirius

Red).
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4. Vysledky

Vliv kontinudlni normobarické hypoxie a zvySené fyzické zatéze pred ischemicko/reperfuznim

zasahem na postichemické srde¢ni selhani

U kontrolni skupiny (MI) byla mortalita 55%. Hlavni pfi¢inou tmrti byly ischemické arytmie.
Mortalita byla mirné snizena u zvifat adaptovanych na zvysenou fyzickou zatéz (44%) a vyznamné

sniZend u zvifat adaptovanych na hypoxii (26%).

Sham Obrazek 1 Piezivani u sham operovanych

— M potkanti (Sham), potkani s infarktem
__________________ « ... ExT+m myokardu (MI), potkani adaptovanych na
-—- CNH+ M 2zvySenou fyzickou =zatéz pied infarktem

" myokardu (ExT + MI) a potkanl
adaptovanych na kontinualni normobarickou

hypoxii pfed infarktem myokardu (CNH +

0 : | —_—— MI) # p < 0,05 MI vs. Sham, * p < 0,05 vs.
0 1 27 14 21 228 ML
Dny po operagi

Ischemicky zasah vedl k vyraznému poklesu systolické funkce (frakéni zkraceni, FS) a progresivni
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dilataci levé komory (end-diastolicky rozmér levé komory, LVDqg). Tyto zmény nebyly ovlivnény
hypoxii ani zvySenou fyzickou zatézi. Velikost jizvy (cirkumference) na konci experimentu nebyla

ovlivnény hypoxii, ale byla zvySend ve skupin¢ ExT + ML

A 45- B 123
| I
i [
1 T 0]
< 3 E
A el g
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w Sham R &
15 — M
- ExT+MI 6
0= ' ' y ' ==+ CNH + MI o A W ®
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Dny po operaci
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" Obrazek 2 Frakéni zkraceni (FS; A), end-diastolicky rozmér
— levé komory (LVDg; B) a cirkumference jizvy (C) u sham
operovanych potkanti (Sham), potkanti s infarktem myokardu
N\ (MI), potkanli adaptovanych na zvySenou fyzickou zatéz pred
\ infarktem myokardu (ExT + MI) a potkant adaptovanych na
N

-y
[=]
1

kontinualni normobarickou hypoxii pied infarktem myokardu
: : , (CNH + MI). Hodnoty jsou uvedeny jako pramér = SEM. # p <
& $ & B 0,05 MI vs. Sham, * p < 0,05 vs. ML

Cirkumference jizvy [%]
L
|

o
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Ischemicky zasah vedl k poklesu kontraktility levé komory (+(dP/dt)max), ktery nebyl ovlivnén
hypoxii ani fyzickou zatézi. U kontrolni skupiny (MI) byl zvySeny end-diastolicky tlak a nebyl

pozorovan vliv hypoxie ani zvySené fyzické zatéze na toto zvySeni.

A B

% - f— f § T 20 # —%

; / \ 3 ™ 7 \

= (N |
& & . & &\,“‘ 5 & J:\*@ . &

Obrazek 3 Maximalni rychlost rastu tlaku krve v levé komoie (+(dP/dt)max; A) a end-diastolicky tlak
(Pea; B) na konci experiment u sham operovanych potkant (Sham), potkanti s infarktem myokardu
(MI), potkanti adaptovanych na zvySenou fyzickou zatéz pied infarktem myokardu (ExT + MI) a
potkanti adaptovanych na kontinualni normobarickou hypoxii pfed infarktem myokardu (CNH + MI).
Hodnoty jsou uvedeny jako pramér + SEM. # p < 0,05 MI vs. Sham.

Terapeuticky vliv kontinualni normobarické hypoxie a zvySené fyzické zatéZe na postischemické

srde¢ni selhani

Experimentalni skupiny Sham a MI v této studii jsou shodné s ptedchozi studii. Mortalita nebyla

ovlivnéna terapeutickou adaptaci na hypoxii nebo zvySenou fyzickou zatéz.

100 — Sham Obrazek 4 Piezivani u sham operovanych
_ — M potkani  (Sham), potkan s infarktem
= ooMiee, myokardu (MI), potkanti adaptovanych na
:§ 50_\\_ zvySenou fyzickou zatéz po infarktu myokardu
'S (MI + ExT) a potkanii adaptovanych na
o

kontinudlni normobarickou hypoxii  po
infarktu myokardu (MI + CNH). # p < 0,05 MI
0 1 Ny 1 21 2 vs. Sham, * p < 0,05 vs. ML

Dny po operaci

Hypoxie a zvySena fyzicka zat€¢z mély tendenci zmirnit systolickou dysfunkci na konci experimentu.
Dilatace levé komory byla na konci experimentu vyznamné zpomalena u skupiny MI +CNH ale ne u

skupiny MI + ExT. Velikost jizvy nebyla v disledku adaptace zménéna ani u jedné skupiny.
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Obrazek 5 Frakéni zkraceni (FS; A), end-diastolicky rozmér
levé komory (LVDg; B) a cirkumference jizvy (C) u sham
operovanych potkanil (Sham), potkant s infarktem myokardu
(MI), potkanti adaptovanych na zvysenou fyzickou zatéz po
infarktu myokardu (MI + ExT) a potkand adaptovanych na
kontinualni normobarickou hypoxii po infarktu myokardu (MI
+ CNH). Hodnoty jsou uvedeny jako prumér £ SEM. # p <
0.05 MI vs. Sham, * p < 0.05 vs. ML

Adaptace na zvySenou fyzickou zatéz méla tendenci zvysit postischemickou kontraktilitu levé

komory (+(dP/dt)ymax). U potkani adaptovanych na hypoxii bylo zjisténo signifikantni zlepSeni

postischemické kontraktility levé komory. End-diastolicky tlak nebyl ovlivnén adaptacemi na hypoxii

a zvySenou fyzickou zatez.

>

+{dP/dt),,x [MmHg/s]

6000+

4000

20004

1M

Obrazek 6 Maximalni rychlost ristu tlaku krve v levé komoie (+(dP/dt)max; A) a end-diastolicky tlak
(Ped; B) na konci experiment u sham operovanych potkanti (Sham), potkant s infarktem myokardu
(MI), potkanii adaptovanych na zvysSenou fyzickou zatéz pred infarktem myokardu (ExT + MI) a
potkantli adaptovanych na kontinudlni normobarickou hypoxii pied infarktem myokardu (CNH + MI).
Hodnoty jsou uvedeny jako primér = SEM. # p < 0,05 MI vs. Sham, * p < 0,05 vs. ML
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Vliv analogu epoxyeikosatrienovych kyselin EET-B na postischemické srdecni selhani u

spontanné hypertenznich potkani

U kontrolni skupiny (MI) byla mortalita 30% a podavani EET-B vedlo k jejimu poklesu (10%).
Postischemicka systolickd dysfunkce levé komory (FS) byla zmirnéna podavanim EET-B. Nebyl
zjistén vliv EET-B na postischemickou dilataci levé komory (LVDa).

A B
100 — Sham 40+
--- Sham + EET-B
— 804  [TTTTTTTToTTemEsssseEes * — Ml 3154
= --- MI +EET-B
:E 801 S 30
E Ly i E 25-
o
60+ 204
S T [ R P NN S SO, . 15
14 -7 0 7 14 21 28 35 42 49 HEEEE T YT
Dny po operaci Dny po operaci
C
10- Obrazek 7 Piezivani (A), frak¢éni zkraceni (FS; B) a end-
diastolicky rozmér levé komory (LVDg; C) u sham
z o operovanych potkanti (Sham), sham operovanych Ié¢enych
E EET-B (Sham + EET-B), nelé¢enych potkant s infarktem
g“ myokardu (MI) potkanli s infarktem myokardu Iécenych
i EET-B (MI + EET-B). Hodnoty jsou uvedeny jako prumeér +
SEM. # p < 0,05 MI vs. Sham, * p < 0,05 vs. ML

A4 7 0 7 14 21 28 35 42 49

Dny po operaci

Terapeuticky vliv EET-A a c-AUCB na postischemické srde¢ni selhani u normotenznich potkant

HanSD a hypertenznich Ren-2 transgennich potkanii

Casna mortalita byla vy33i u TGR ve srovnani s HanSD a byla zptisobena predev§im ischemickymi
arytmiemi. Celkova mortalita na konci studie byla 28% u HanSD a 61% u TGR a nebyla ovlivnéna
podavanim EET-A, c-AUCB ani jejich kombinaci.

13
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Obrizek 8 Casné postischemické piezivani u
potkanli Hannover Sprague-Dawley (HanSD) a Ren-
2 transgennich potkani (TGR). Experimentalni
skupiny: sham operovani neléceni (Sham), neléceni s
infarktem myokardu (MI) Hodnoty jsou uvedeny jako
praimér £ SEM. # p < 0,05 MI vs. ptislusnd Sham
skupina,

Systolicka funkce (FS) byla u sham operovanych TGR nizs§i nez u HanSD. EET-A a c-AUCB mély

tendenci mirnit postischemickou systolickou dysfunkci u HanSD, ale signifikantni zlepSeni bylo

dosazenou pouze jejich kombinaci. Lécba neméla vliv na postischemickou systolickou dysfunkci u

TGR. Lécba neméla vliv na postischemickou dilataci levé komory u HanSD ani u TGR.
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Obrazek 9 Frakeni zkraceni (FS; A, B) a end-diastolicky rozmér levé komory (LVDy; C, D) u potkanii
Hannover Sprague-Dawley (HanSD) a Ren-2 transgennich potkani (TGR) s sham operaci (Sham)
infarktem myokardu (MI) a 1é¢enych analogem epoxyeikosatrienové kyseliny (EET-A) a inhibitorem
solubilni epoxid hydroldzy (c-AUCB). Hodnoty jsou uvedeny jako pramér = SEM. # p < 0,05 MI vs.
pfislusna Sham skupina, * P < 0,05 vs. pfislusna MI skupina.
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Ischemie vedla k vyznamnému poklesu kontraktility levé komory (+(dP/dt)max) u HanSD 1 TGR.
Kombinované 1écba zmirnila tento pokles u HanSD. U TGR nebyl zjistén vliv 1écby na
postischemickou kontraktilni dysfunkci. End-systolicky tlak byl snizeny u TGR s infarktem myokardu
(ve srovnani se Sham skupinou) a 1é¢ba neméla vliv na tento pokles. End-diastolicky tlak byl vyrazné
zvySeny u HanSD s infarktem myokardu a poddvani EET-A samostatné nebo v kombinaci s c-AUCB
tento nartst tlumilo. U TGR byla zjisténa tendence ke zvySeni end-diastolického tlaku a nebyl

pozorovan vliv 1écby.
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Obrazek 10 Maximalni rychlost rastu tlaku krve v levé komote (+(dP/dt)max; A, B), end-systolicky
tlak (Pes; C, D) a end-diastolicky tlak (Peq; E, F) u potkantt Hannover Sprague-Dawley (HanSD) a Ren-
2 transgennich potkanti (TGR) s sham operaci (Sham) infarktem myokardu (MI) a l1é¢enych analogem
epoxyeikosatrienové kyseliny (EET-A) a inhibitorem solubilni epoxid hydrolazy (c-AUCB). Hodnoty
jsou uvedeny jako primeér + SEM. # p < 0.05 MI vs. ptislusna Sham skupina, * P < 0.05 vs. pfislu§na
MI skupina.
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5. Diskuse

V této préci jsme se u normotenznich a hypertenznich potkant pokusili ur¢it kardioprotektivni
potencial riznych experimentalnich pfistupt ve smyslu prevence postischemického srde¢niho selhani

a jeho zmirnéni u normotenznich a hypertenznich potkani.

Vliv kontinualni normobarické hypoxie a zvySené fyzické zatéZe pred ischemicko/reperfuznim

zasahem na postichemické srde¢ni selhani

Z vysledku této kapitoly vyplyva, ze adaptace na kontinualni normobarickou hypoxie, ale ne na
zvySenou fyzickou zatéz, zlepSuje prezivani pii akutnim I/R zasahu. Tyto adaptace pfitom nemaji vliv
rozvoj postischemického srdecniho selhdni a potkani kmene Wistar.

Je znamo, ze adaptace na CNH a ExT zvySuji odolnost myokardu vii¢i akutnimu I/R poskozeni.
Vliv téchto adaptaci na postischemické srdecni selhani ptfitom ziistava nejasny.

Nase vysledky potvrdily, Ze potkani adaptovani na CNH jsou odolnéjsi vii€i vyskytu pretrvavajicich
komorovych fibrilaci v prabéhu I/R, jak bylo popsano diive (Asemu et al., 1999; Alanova et al., 2017).
To vedlo ke snizeni mortality, kterd byla u kontrolni skupiny srovnatelnd s podobnymi modely
rozsdhlého infarktu myokardu (Pfeffer e al, 1985). V naSem experimentu neméla preventivni
adaptace na CNH vliv na velikost infarktu myokardu, zatimco nékteré prace uvadéji jeho zmenSeni
v disledku adaptace na CNH (Maslov et al., 2013; Chytilova et al., 2015). Tento rozdil 1ze vysvétlit
prodlouzeni ischemie v naSem experimentu, ve snaze docilit dostatecné velkého infarktu myokardu,
ktery by vedl k rozvoji srde¢niho selhani. Vzhledem k tomu, Ze znamky rozvoje postischemického
srde¢niho selhani siln¢ koreluji s velikosti infarktu myokardu (Pfeffer et al., 1979), mizeme dojit
k zavéru, ze adaptace na CNH pied I/R zasahem neméla pozitivni vliv na rozvoj postischemického
srdec¢niho selhani u potkantt Wistar.

Adaptace na zvySenou fyzickou zatéz neméla vyznamny vliv na zlepSeni pfezivani. Pozorovali jsme
pfitom tendenci k antiarytmickému efektu popsaného Hamiltonem et al. (2004). ZvétSeni
cirkumference poinfarktové jizvy v nasi studii je v rozporu s pfedchozimi vysledky (Yamashita et al.,
1999; Demirel et al., 2001 a Freimann et al., 2005). Tento rozpor mohou alespoii ¢astecné vysveétlit
rozdily v konkrétnim protokolu ischemie myokardu, zejména pak v délce ischemického zasahu. Lze
tedy shrnout, Ze adaptace na zvySenou fyzickou zatéz pied I/R zdsahem vyznamné neovlivnila progresi

srdec¢niho selhani u potkantt Wistar.
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Terapeuticky vliv kontinualni normobarické hypoxie a zvySené fyzické zatéZze na

postischemické srde¢ni selhani

V této Casti prace bylo zjiSténo, ze terapeuticka adaptace na CNH, ale ne na ExT zpomaluje rozvoj
postischemického srde¢niho selhani u potkantt Wistar (Hrdlicka et al., 2016).

ZlepSené prezivani u potkani s infarktem myokardu bylo zjisténo u potkanti adaptovanych na
terapeutickou intermitentni hypoxii (Xu et al., 2011) a zvySenou fyzickou zaté¢z (Lundeberg et al.,
1998). Vzhledem k minimalni mortalit¢ v naSem experimentu nebyl pozorovan vliv terapeutické
adaptace na CNH a ExT na ptezivani. N¢kolik publikaci se vénuje vlivu intermitentni hypobarické
hypoxie na srde¢ni selhani (del Pilar et al., 2006; Xu et al., 2011; Naghshin et al., 2012), vliv CNH
pritom dosud nebyl znam. V nasi praci jsme pozorovali ptiznivy vliv CNH na kontraktilitu levé komory
a systolicky tlak a nase studie jako prvni jsme popsala zpomaleni rozvoje srdecniho selhani v disledku
adaptace na CNH, kter¢ je srovnatelné s vlivem intermitentni hypobarické hypoxie (Xu et al., 2011).

V nasi praci nebyl zjistén vliv adaptace na zvysSenou fyzickou zatéz na velikost poinfarktové jizvy,
ani na zmény end-diastolické velikosti levé komory. Lze tedy konstatovat, ze na rozdil od dfive
popsaného prospésného vlivu zvysené fyzické zatéze (Musch et al., 1989; Ait Mou et al., 2009; Bito
et al., 2010) jsme v nasi praci nepozorovali protektivni vliv EXT ve smyslu zmirnéni postischemické
dilatace levé komory. U vybranych parametr srdecni funkce ptitom byly zjistény tendence k jejich
zlepSeni. Zle tedy argumentovat, Ze rozsah poskozeni myokardu v nase experimentu mohl limitovat
piipadny pozitivni vliv adaptace na ExT. Vzhledem k tomu, Ze podle fady studii je k dosazeni
kardioprotekce spojené s ExXT je nutnd urcitéd intenzita fyzické zatéze (Noble ef al., 1999; Lennon et

wrw e

schopnosti potkant s infarktem myokardu tolerovat fyzickou zatéz potiebné intenzity.

Vliv analogu epoxyeikosatrienovych kyselin EET-B na postischemické srde¢ni selhani u

spontanné hypertenznich potkani

V této Casti prace bylo zjisténo, Ze novy analog epoxyeikosatrienovych kyselin EET-B snizuje
umrtnost v disledku I/R poSkozeni myokardu a mirni postischemickou systolickou dysfunkeci levé
komory u spontann¢ hypertenznich potkanti (Neckar et al., 2019).

Akutni podavani analogi EET nebo inhibitord sEH (coz jsou dvé nejCastéjsi strategie zvyseni
tkanové dostupnosti EET) ptfed ischemii nebo na zacatku reperfuze vede ke zvySené odolnosti
myokardu vici I/R poskozeni (Batchu et al., 2012; Motoki et al., 2008; Neckat et al., 2012). Nekolik
studii zdroven demonstrovalo potencidl EET-A (EET analog podobny EET-B; Campbel ef al., 2017) a
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inhibitoru sEH ¢-AUCB snizovat vyskyt ischemickych arytmii v€etné zavaznych komorovych fibrilaci
(Cervenka et al., 2018). V nasi studii byl pozorovan obdobny efekt i pii podani EET-B. Pfi 1é¢bé
analogem EET NUDSA bylo prokdzano zlepSeni srde¢ni funkce u mysi s infarktem myokardu (Ca et
al., 2015). Pti podavani inhibitortt sSEH GSK2188931B a AUDA byl popsan jejich vliv na zmirnéni
postischemické remodelace srdce (Kompa et al., 2013; Merabet et al., 2012). Nase vysledky jsou ve
shod€ s t€émito pozorovanimi.

Pti podavani EET-A pted ischemii a EET-B na za¢étku reperfuze byla u normotenznich HanSD
potkanti zjisténa zvySena odolnost myokardu viici I/R poSkozeni (Alanova et al., 2015; Neckar et al.,
2018). Velikost infarktu naopak nebyla ovlivnéna podanim EET-A a inhibitoru sEH u normotenznich
EET-A a hypertenznich TGR v praci Cervenky et al. (2018). Mizete tedy pouze spekulovat, do jaké
miry byl ndmi zjistény kardioprotektivni U¢inek poddvani EET-B zavisly na zvySené odolnosti
myokardu vic¢i akutnimu I/R posSkozeni na jedné strané a zménami v postischemické remodelaci
myokardu na stran€ druhé. Studie navazujici na nas experiment piitom v souvislosti s podavanim EET-
B ukazuje snizené mnozstvi kolagenu a redukci infiltrace monocyti a makrofagl v srdci, coz by

poukazovalo na vyznamnou roli zmén remodelace myokardu (Neckaft ef al., 2019).

Terapeuticky vliv EET-A a c-AUCB na postischemické srde¢ni selhani u normotenznich HanSD

a hypertenznich Ren-2 transgennich potkani

V této Casti prace bylo zjisténo, Ze terapeutické podavani EET-A a c-AUCB zpomaluje rozvoj
postischemického srde¢niho selhdni u normotenznich HanSD, ale ne u TGR potkanti s angiotenzin
dependentni hypertenzi (Hrdlicka et al., 2019).

U TGR byl ve srovnani s HanSD zjiStén zvySeny vyskyt pfetrvavajicich komorovych fibrilaci
v prub¢hu ischemie. To vedlo k vys§i mortalité u TGR, coz je ve shodé s diive publikovanymi vysledky
(Cervenka et al., 2018; Ferdinandy et al., 2007). U TGR byla potvrzena koncentricka hypertrofie a
mirné zhorSeni systolické funkce, diive popsané v pracich Bachman et al. (1992) a Whaley-Connel et
al., 2007). I/R zasah vedl k rozvoji srdecniho selhdni s podobnou mirou systolicky dysfunkce u HanSD
a TGR. Zaroven byla pozorovdna pomérné vysoka individualni variability v rozvoji srde¢niho selhani
v ramci experimentalnich skupin.

Ve shodé¢ s predchozimi vysledky Li ef al. (2009) a Merabet et al. (2012) jsme pozorovali zlepSeni
systolické funkce srdce u HanSD 1é¢enych EET-A a c-AUCB. Jak ukézaly piedchozi studie, tento efekt
je spojen se zvysenim tkanové hladiny EET (Li ef al., 2009; Sirish et al., 2013). To potvrzuje i jeho
vymizeni pfi podavani inhibitoru cytochrom P450 epoxygenazy (Merabet et al., 2012), enzymu

klicového pro produkci EET.
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Srde¢niho selhani u experimentalnich model hypertenze je Casto spojeno s poskozenim dalSich
organd. S ptihlédnutim k jejich roli v regulaci krevniho tlaku je pak ¢asto hodnocena funkce ledvin.
Ve studii paralelni s touto praci byl zjistén na hypertenzi nezavisly renoprotektivni efekt EET-A
(Hrdlicka et al., 2019). Lze tedy piedpokladat, Ze renoprotektivni a kardioprotektivni efekt pii 1écbé

zalozené na zvySovani tkanové hladiny EET se mohou navzajem ovliviiovat.

6. Zavér

Pfes intenzivni vyzkum v oblasti ischemické kardioprotekce je v duisledku netispé$Sného prenosu
slibnych experimentalnich ptistupii do klinické praxe obtizné zlepSovat dlouhodobé klinické vysledky.
To vede ke skeptickému pohledu na potencialni vyuzitelnost experimentalnich kardioprotektivnich
pfistupt v klinické praxi. Presto véfime, Ze kardioprotektivni protokoly, kterymi se zabyva tato prace
(adaptace na kontinualni normobarickou hypoxii, zvySenou fyzickou zat€z a 1écba zaméfena na zvySeni
tkanové hladiny epoxyeikosatrienovych kyselin), maji potencial zvySovat odolnost myokardu vici
ischemickému poskozeni a tlumit rozvoj postischemického srdecniho selhdni. NaSe vysledky ukazuji,
ze vSechny tyto pfistupy maji do jisté miry pifiznivé Gcinky a v pfipad¢ kontinudlni normobarické

hypoxie a epoxyeikosatrienovych kyselin vedou k vyznamnym pozitivnim efektim.

Vysledky nasi prace ukazuji, ze mechanismy vedouci ke zvysSené odolnosti srdce k akutni ischemii

mohou hrat vyznamnou roli také pfi prevenci a 1é¢b¢ postischemického srde¢niho selhani.
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1. Introduction

The failure to find a cardioprotective therapy despite 50 years of research should not put into doubt
the ischemia/reperfusion injury as a viable target for protection. The novel protective strategies are still
required to attenuate the detrimental effects of acute myocardial ischemic injury, prevent adverse left
ventricle remodelling, and reduce the heart failure.

Various cardioprotective strategies provide antiapoptotic and anti-inflammatory actions. Since
apoptosis and inflammation are the key mediators of postischemic cardiac remodeling, these strategies
have certain potential to prevent and attenuate the development of postischemic heart failure. However,
their role in postischemic heart failure is often unclear. This thesis addresses several of those
approaches, i.e. adaptation to continuous normobaric hypoxia (CNH), exercise training (ExT) and
epoxyeicosatrienoic acid (EET)-based treatment. Moreover, EET-based treatments showed
antihypertensive effect in various experimental setups and could be therefore used in clinically relevant
models of cardiovascular diseases in hypertensive animals.

This thesis tried to contribute to identification of novel strategies that could effectively prevent or

attenuate postischemic heart failure

2. Aims of the Thesis
The specific aims of this thesis were:

1. To evaluate the effect of continuous normobaric hypoxia and exercise training applied prior to
the ischemia/reperfusion insult on postischemic heart failure in rats.

2. To evaluate the therapeutic effect of continuous normobaric hypoxia and exercise training on
postischemic heart failure in rats.

3. To evaluate the effect of epoxyeicosatrienoic acid analogue EET-B on postischemic heart
failure in spontaneously hypertensive rats.

4. To evaluate the effect of epoxyeicosatrienoic acid analogue EET-A and soluble epoxide
hydrolase inhibitor c-AUCB on postischemic heart failure in normotensive rats and Ren-2

transgenic rats with angiotensin II-dependent hypertension.
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3. Material and Methods
Experimental protocols of continuous normobaric hypoxia

Wistar rats were exposed to continuous normobaric hypoxia (CNH; inspired Oz fraction 0.12) in the
normobaric chamber This exposure lasted for 3 weeks prior to myocardial infarction (MI) (CNH + MI
experimental group) or for 3 weeks starting 7 days after MI (MI + CNH).
Experimental protocols of exercise training

Wistar rats assigned to preventive exercise training (treadmill running; ExT + MI) were habituated
to forced treadmill running during the first 5 days of the exercise protocol. After 2 days of rest, the
protocol continued with 5 more exercise sessions (30 m/min, 60 min/day, treadmill inclination 0°) and
2 days of rest before MI. Therapeutic protocol of ExT (MI + ExT) started 7 days after MI with one
week of habituation and 2 weeks of full intensity training (15 m/min, 60 min/day, 5 days/week).
Experimental protocols of EET-based treatment

Spontaneously hypertensive rats (SHR) were treated with EET-B (EET analogue; 10 mg/kg/day,
p.o.) for 2 weeks prior to MI and 7 weeks thereafter. Control groups received vehicle (0.05 % ethanol
and 0.10 % polyethylene glycol 400). Hannover Sprague-Dawley (HanSD) and Ren 2 transgenic rats
(TGR) were treated for with EET-A (EET analogue; 10 mg/kg/day, p.o.) and/or c-AUCB (inhibitor of
soluble epoxide hydrolase; 1 mg/kg/day, p.o.) since 24 hours after ischemia/reperfusion (I/R) in
drinking water.
Model of postischemic heart failure

Rats were anaesthetized with sodium pentobarbital (60 mg/kg, i.p.), intubated and ventilated with
room air (68 strokes/min, tidal volume 1.2 ml per 100 g of body weight). Rectal temperature was
monitored and maintained between 36.5 °C and 37.5 °C. The left thoracotomy was performed, and the
left anterior descending coronary artery was occluded for 60 min (30 min in SHR). After that chest was
closed by stitches, animals were provided with analgesia and monitored until recovery.
Assessment of left ventricle geometry and function

Echocardiographic examination of left ventricle (LV) geometry and function was performed in
anaesthetised animals (2% isoflurane). Rectal temperature was maintained between 36.5 °C and 37.5°C
and heart rate was monitored. Echocardiographic examination was performed at the beginning and end
of the experiments and before MI if not stated otherwise. Heart catheterisation with pressure catheter
was performed at the end of the experiments in anaesthetised animals (2% isoflurane). After that the

hearts were harvested and scar circumference was assessed using Picrosirius Red staining.
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4. Results

Effect of continuous normobaric hypoxia and exercise training prior to ischemia/reperfusion

insult on postischemic heart failure

Ischemic insult resulted in 55% mortality in control group (MI) caused mostly by ischemic
arrhythmias. Mortality tended to decrease in ExT animals (44%) and was significantly lower in CNH
animals (26%).
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Ischemic insult led to marked decrease of systolic function (fractional shortening: FS) and
progressive dilatation of left ventricle (end-diastolic LV diameter, LVDq) that were not affected by

either CNH or ExT. Scar circumference at the end of the study was not affected by CNH, but was

increased in ExT + MI group.
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Ischemic insult led to decrease in LV contractility (+(dP/dt)max) that was not affected by either CNH

or ExT. End-diastolic pressure was increased in MI animals and neither CNH nor ExT affected this

change.

>

+dP/dt),, ., [mmHg/s]

6000+

4000

2000+

&

PN
Q}'

&

Pey [mmHg]

301

204 #

I
) A

Figure 3 Peak rate of left ventricle blood pressure development (+(dP/dt)max; A) and end-diastolic
pressure (Ped; B) at the end of the study in sham-operated animals (Sham), animals with myocardial
infarction (MI), animals trained before myocardial infarction (ExT + MI) and animals adapted to
continuous normobaric hypoxia before myocardial infarction (CNH + MI). Values are expressed as
mean = SEM. * p < 0.05 MI vs. Sham.

Therapeutic effect of continuous normobaric hypoxia and exercise training on postischemic

heart failure

Sham group and MI group in this study were identical to those in the previous study. The mortality

was not affected by therapeutic adaptation to CNH or ExT.

1

Survival [%]

00

a
o

—

0 1

27 14
Days after surgery

21

28

— Sham
— Ml

- M+ ExT
--- Ml +CNH

Figure 4 Survival in sham-operated animals
(Sham), animals with myocardial infarction
(MI), animals trained after myocardial
infarction (MI + ExT) and animals adapted to
continuous normobaric  hypoxia  after
myocardial infarction (MI + CNH). # p <0.05
MI vs. Sham.

Systolic function (FS) tended to be improved by CNH and EXT at the end of the study. Left ventricle

dilatation (LVDq) was attenuated by CNH but not by ExT at the end of the study. Scar circumference

was not altered by either CNH or ExT.
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Contractility of LV tended to be increased in MI + ExT animals and was significantly higher in M1
+ CNH group. End-diastolic pressure was not affected by either CNH or ExT.

Figure 6 Peak rate of left ventricle blood pressure development (+(dP/dt)max; B) and end-diastolic
pressure (Ped; B) at the end of the study in sham-operated animals (Sham), animals with myocardial
infarction (MI), animals trained after myocardial infarction (MI + ExT) and animals adapted to
continuous normobaric hypoxia after myocardial infarction (MI+ CNH). Values are expressed as mean
+ SEM. #p < 0.05 MI vs. Sham, * p < 0.05 vs. ML
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Effect of epoxyeicosatrienoic acid analogue EET-B on postischemic heart failure in

spontaneously hypertensive rats

Ischemic insult led to 30% mortality in control group (MI) and was decreased by EET-B treatment
(MI + EET-B). Postischemic systolic dysfunction (FS) was improved by EET-B treatment, but
protective effect of EET-B was not observed in LV dilatation (LVDy).
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Figure 7 Survival (A), fractional shortening (FS; B) and
left ventricle end-diastolic diameter (LVDg; C) in
untreated sham-operated animals (Sham), EET-B treated
sham-operated animals (Sham + EET-B), untreated
animals with myocardial infarction (MI) and EET-B
treated animals with myocardial infarction (MI + EET-B).
Values are expressed as mean + SEM. # p < 0.05 MI vs.
Sham, * p <0.05 vs. ML
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Therapeutic effect of EET-A and c-AUCB on postischemic heart failure in normotensive

HanSD rats and hypertensive Ren-2 transgenic rats

Early mortality in TGR was higher compared to HanSD and was caused mostly by ischemic
arrhythmias. Total mortality at the end of the study was 28% in HanSD and 61% in TGR and was not
affected by EET-based treatments.
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Figure 8 Early postischemic survival in
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Systolic function (FS) in Sham groups was lower in TGR when compared to HanSD. EET-A and c-
AUCB tended to attenuate postischemic systolic dysfunction in HanSD, but only combined treatment
had significant effect. Postischemic systolic dysfunction was not affected by EET-based treatments in
TGR. Postischemic dilatation of left ventricle was not affected by EET-based treatments in either

HanSD or TGR.
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Figure 9 Fractional shortening (FS; A, B) and left ventricle end-diastolic diameter (LVDg, C, D) in
Hannover Sprague-Dawley (HanSD) and Ren-2 transgenic rats (TGR) subjected to sham operation
(Sham) or myocardial infarction (MI) and treated with epoxyeicosatrienoic acid analogue (EET-A) and
soluble epoxide hydrolase inhibitor (c-AUCB). Values are expressed as mean + SEM. #P < 0.05 MI
vs. corresponding Sham group, * P < 0.05 vs. corresponding MI group.
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Postischemic contractility of LV (+(dP/dt)max) was markedly decreased in both strains. Combined
treatment increased LV contractility in HanSD, but was not affected by EET-based treatments in TGR.
End-systolic pressure was decreased in TGR with MI and was not affected by treatments in either
HanSD or TGR. End-diastolic pressure was markedly increased in HanSD. This increase was
attenuated by EET-A in single therapy and in combination with c-AUCB. End-diastolic pressure tended
to be increased in TGR with MI and was not affected by EET-based treatments.
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Figure 10 Peak rates of left ventricle pressure development (+(dP/dt)max; A, B), end-systolic pressure
(Pes; C, D) and end-diastolic pressure (Peq; E, F) in Hannover Sprague-Dawley (HanSD) and Ren-2
transgenic rats (TGR) subjected to Sham operation (Sham) or Myocardial infarction (MI) and treated
with epoxyeicosatrienoic acid analogue (EET-A) and soluble epoxide hydrolase inhibitor (c-AUCB)
Values are expressed as mean = SEM. * P < 0.05 MI vs. corresponding Sham group, * P < 0.05 vs.
corresponding MI group.
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5. Discussion

We tried to characterize the cardioprotective potential of different approaches in order to prevent

and attenuate postischemic HF progression in normotensive and hypertensive animals.

Effect of continuous normobaric hypoxia and exercise training prior to ischemia/reperfusion

insult on postischemic heart failure

The main finding of this part of our study is that the adaptation to CNH but not ExT improves
survival during acute I/R insult, and these adaptations do not affect the progression of postischemic HF
in Wistar rats.

It is well established that animals adapted to both CNH and ExT exhibit cardioprotective phenotypes
if subjected to acute I/R insult. Yet, the effect of CNH and ExT on postischemic HF remains
unclear. Our results confirmed that CNH-adapted animals are less susceptible to sustained ventricle
fibrillation during the I/R period as previously reported by Asemu et al. (1999) or Alanova et al. (2017).
This was further translated into improved survival, while mortality in the MI group was comparable to
similar models of large MI (Pfeffer et al., 1985). CNH adaptation did not alter LV scar size, whereas
some studies reported a decrease in early postischemic MI size (Maslov et al., 2013; Chytilova et al.,
2015). This could be explained by prolonged ischemic insult in our experimental setup that was
necessary for inducing the HF. As the signs of postischemic HF progression strongly correlate with
scar size (Pfeffer et al., 1979), we can conclude that in our experimental setup, CNH prior to the I/R
insult had no beneficial effect on postischemic HF development in Wistar rats.

In exercise-trained animals, we did not observe significant improvement in survival. Despite that,
we observed a tendency to ExT-induced anti-arrhythmic effect as previously reported by Hamilton et
al. (2004). The ExT-induced increase of scar size is contradictory to previous results of Yamashita et
al. (1999), Demirel et al. (2001) and Freimann et al. (2005). The differences in protocol of MI induction
(prolonged ischemia in our experiment) might partially explain this inconsistency. To conclude, our

EXT regimen prior to the I/R insult did not alter postischemic HF progression in HanSD rats.

Therapeutic effect of continuous normobaric hypoxia and exercise training on postischemic

heart failure

The main finding of this part of our study is that adaptation to CNH but not to ExT after
ischemia/reperfusion insult attenuates the development of postischemic HF in Wistar rats (Hrdlicka et

al., 2016).
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Several studies reported improved survival after MI associated with therapeutic intermittent hypoxia
(Xu et al., 2011) or EXT (Lundeberg et al., 1998). We observed minimal mortality during therapeutic
adaptation, and our study thus did not show any differences in survival among experimental groups.
Therapeutic effects of intermittent hypobaric hypoxia in HF were addressed by several studies (del
Pilar et al., 2006; Xu et al., 2011; Naghshin et al., 2012), but the effect of CNH in HF was unclear.
We observed a positive effect of CNH on postischemic LV contractility and systolic pressure and our
study was the first one to demonstrate that postischemic adaptation to CNH attenuates progressive LV
dilatation in a way comparable to IHH (Xu et al., 2011).

In ExT animals, neither scar size nor LVDy differed compared to the MI group. Therefore, we could
conclude that contrary to previous reports (Musch et al., 1989; Ait Mou et al., 2009; Bito et al., 2010),
ExT in our experimental setup did not affect progressive LV dilatation. On the other hand, ExT
exhibited some tendencies to improve functional parameters like +(dP/dt)max, -(dP/dt)max. Two
limitations of our study should be mentioned. First, the infarct size needed for HF development may
limit the potential protective effect. Second, several studies showed that certain intensity of physical
load is needed to trigger the ExT-associated cardioprotection (Noble ef al., 1999; Lennon et al., 2004),
and this intensity probably wasn’t reached in our experiment due to the limited exercise capacity of

animals with MI.

Effect of epoxyeicosatrienoic acid analogue EET-B on postischemic heart failure in

spontaneously hypertensive rats

The main finding of this chapter is that novel orally active EET analogue EET-B reduces I/R
associated mortality and attenuates postischemic LV systolic dysfunction in spontaneously
hypertensive rats without affecting blood pressure (Neckar et al., 2019).

Acute administration of EET analogues or sEH inhibitors (two most common strategies to increase
EETs bioavailability) prior to ischemia or at the beginning of reperfusion are associated with increased
cardiac resistance to I/R insult in multiple experimental models (Batchu et al., 2012; Motoki et al.,
2008; Neckafr et al., 2012). Several results also showed that EET-A (EET analogue similar to EET-B;
Campbel et al., 2017) and sEH inhibitor c-AUCB have the potential to significantly decrease the
incidence of ischemic arrhythmias including life-threatening sustained ventricle fibrillation
(Cervenka et al., 2018). A similar effect of EET-B was observed in our experiment. Moreover, it has
been shown that EET analogue NUDSA improved cardiac function in mice after MI (Cao et al., 2015),
and sEH inhibitors GSK2188931B or AUDA attenuated post-MI remodelling (Kompa ef al., 2013 and

Merabet ef al., 2012). Our results are thus in line with previous reports. On the other hand, EET-A or
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sEH inhibitor treatment did not affect infarct size in either normotensive HanSD or hypertensive TGR
animals (Cervenka et al; 2018). Therefore, we can speculate whether the cardioprotective effect of
EET-B showed in our study was associated rather with increased resistance to acute I/R injury or with
alteration of postischemic myocardial remodelling. Despite that the role of altered cardiac remodelling
is further supported by our follow-up study results showing EET-B-induced reduction in myocardial

collagen deposition and reduced monocyte/macrophage infiltration (Neckat et al., 2019).

Therapeutic effect of EET-A and c-AUCB on postischemic heart failure in normotensive HanSD

rats and hypertensive Ren-2 transgenic rats

The main finding of the final part of our study is that EET-based therapy using EET-A and c-AUCB
can attenuate the progression of postischemic HF in normotensive HanSD rats but not in transgenic
rats with Ang II-dependent hypertension (TGR) (Hrdlicka et al., 2019).

TGR were more susceptible to I/R-induced sustained ventricle fibrillation than HanSD, which
resulted in increased mortality in TGR. This is in agreement with previous reports of Cervenka et
al. (2018) and Ferdinandy et al. (2007). Our data also confirmed concentric LV hypertrophy in TGR
as reported earlier (Bachman ef al. 1992) and mild systolic dysfunction (Whaley-Connell et al.,2007).
I/R insult resulted development of HF with a similar degree of systolic dysfunction in HanSD and
TGR. However, we observed individual variability in HF progression in experimental groups.

Our results showed improved systolic function in HanSD rats with EET-based treatment, which is
in agreement with previous reports (Li ef al., 2009; Merabet et al., 2012). These beneficial effects are
usually accompanied by increased tissue levels of EETs (Li ef al., 2009; Sirish et al., 2013) that can be
abolished by co-administration of cytochrome P450 epoxygenase inhibitors (Merabet ef al., 2012), a
key enzyme in EETs production.

Experimental models of HF and hypertension are usually associated with a further end-organ injury.
Kidneys are therefore often examined with regards to their role in regulating blood pressure and
circulation. The renoprotective effect of EET-A without antihypertensive actions was observed in the
study parallel to our experiment (Hrdlicka et al., 2019). Therefore, we can conclude that the
renoprotective actions of EET-based treatments might contribute to their cardioprotective effects and

vice versa.
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6. Conclusions

Despite intensive research on the field of cardioprotection against ischemia, the struggle to translate
the promising experimental results into clinical practice fails to provide significant improvement in
long-term clinical outcomes. This has resulted in overall scepticism regarding the applicability of such
experimental protocols of cardioprotection. However, we believe that several cardioprotective
protocols used in this thesis, e.g. adaptation to CNH, ExT and EET-based treatment, have certain
potential not only to improve the tolerance to acute ischemic insults but also to attenuate the
progression of the postischemic HF. Our results have revealed that all these approaches are associated
with some beneficial effect; in the case of adaptation to CNH and EET-based therapies, the differences

were highly significant.

Based on our results, we can conclude that mechanisms leading to increased cardiac tolerance to
acute ischemia could play an important role also in prevention and treatment of postischemic heart

failure.
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