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Endothelin type A receptor blockade attenuates
aorto-caval fistula-induced heart failure in rats with
angiotensin II-dependent hypertension

Petr Kala™®, Olga Gawrys™®, Matis Miklovic®, Zdenka Vanourkova®, Petra Skaroupkova®,
Sarka lichova®, Janusz Sadowski®, Elzbieta Kompanowska-jezierska®, Agnieszka Walkowska®,

Josef Veselka®, Milos Taborsky®, Hana Maxova®,

Objective: Evaluation of the effect of endathelin type &
(ET4) receptor blockade on the course of volume-overioad
heart falure in rats with angiotensin B-dependent
hypertension.
Methods: Ren-2 renin transgenic rats (TGR) were used as
a model of hypertension. Heart fallure was induced by
creating an aorto-caval fistula (ACF). Selective ET, receptor
blockade was achieved by atrasentan. For comparison,
other rat groups received trandaolageil, an angiotensin-
converting enzyme inhibitor (ACE]). Animals first
underwent ACF creation and 2 weeks later the treatment
with atrasentan or trandolapril, alone or combined, was
apphed; the follow-up period was 20 weeks.
Results: Eightesn days after creating ACF, untreated TGR
began to die, and none was alive by day 79. Both atrasentan
and trandolapril treatrment improved the survival rate,
ultimately to 56% (18 of 31 animak) and 69% (22 of 32
animals), respectively. Combined ACE and ET 5, receptor
blockade improved the final survival rate to 52% (17 of 33
animak). The effects of the three trestment regimers on the
sunvival rate did not significantly differ. All three treatmeant
regimens suppressed the development of cardiac
hypeﬂmphy and lung congestion, decreased left ventricle
(LW} end-dizstolic volume and LV end-diastolic pressure, and
irnproved LV systolic contractility in ACF TGR as compared
with their untreated counterparts.
Concluslon: The treatment with ET,, recaptor antagonist
delays the onset of decompensation of volume-overlnad
heart falwre and improves the surival rate in hypertensive
TGR with ACF-induced heart failure. However, the addition
of ET, receptor blockade did not enhance the beneficial
effects beyond those obtained with standard treatment
with ACE alone.
Keywords: endothelin system, hypertension, Ren-2 renin
transgenic rat, renin-angiotensin system, volurme-overkoad
heart failure

Abbreviations: ACE, angiotensin-converting enzyme;
ACF, aoro-caval fistula; ACE|, angiotensin-converting
enzyme inhibitor; ANG |, angiotensin Il ANG 1-7,
ainegrotansin-(1- 7} (+dPfdtine, maximum rates of pressure
rise; {—dPidthne, maximum rates of pressure fal; ESPVR,
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end-gystolic pressure—volume relationship; ET., endothelin
type A; ET-1, endothelin 1; HansD, Hannover Sprague-
Dawley rats; LV, left ventricle; LVEDP, left ventricle end-
diastolic pressure; LVEDV, left ventricde end-diastolic
volume; PREW, preload recruitable stroke work; RAAS,
renin—angiotensin —aldosterone systern; AV, right ventride;
SNS, sympathetic nervous systemn; TGR, Ren-2 renin
transgenic rats; TPR, total peripheral resstance

INTRODUCTION

ver the past 40 vears, substantial progress has been

made in the tresrment of acute coronary syn-

dromes. However, many surviving parsents stll
develop substantial myocardial damage eventually keading
ter heart Failune [11 Hear failuse bas become a major public
health problem [23] despite the availability of multiple
therapeutic measures and recent pharmacological advan-
ces, the prognosis remains bleak [2,4-7]. Imappropeiately
activared renin—angiotensin—aldosterone system (RAAS) is
crucial for the progression of heant failure and blockade
thereof has become a comerstone component of the wear-
ment. However, in the advanced phase of hean failure s
effectiveness is limited [2,6—9], which was conspicuous in
panients who had been hypenensive before the onser of
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Endothelin type A receptor blockade increases renoprotection in congestive 555
heart failure combined with chronic kidney disease: Studies in 5/6
nephrectomized rats with aorto-caval fistula
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ARTICLE INFO ABSTRACT
[ ‘Background: Assoclation of eoagestive heart falture [CHF) and cheonic bidney disease (CKIY) warsens the patient's
e vt fallueme [prognasls and results In poor survival rte. The alm of this shudy was o examine If addizion of endothelin ype &
Chrcule iy s {ET,} recegaor ancagonist 10 the Angiotensin-convening enzyme inhibios (NCES) will bring additional beneficial
Bl i effects in experimenal s,
Eocedheln onptoe type A Meiods: KD was Induced by 576 renal mass seductian (576 NX) and CHF was eliclied by volume averload
™ clmy achieved by creation of aomocaval fistala (ACF). The follow-up was 24 weeks after the fiest intervention (5/6

). The treatment

were [ndtiated & weels after 576 NX and 2 wesks after ACF creation.

Risubs: The fisal survival in untressed group was 15%. The meament with ET, redeplor amagenis alone or ACED

alone aned the combised (eatment

the swrvival rabe to &4%, 71% and 75%, respectively, however, the

difference between the combination and either single treament pegimen was oot significant. The eombined
treatment everted best pensprotection, eausing additional seduction in albuminueia and redusing sensl
glemerular and rabalointersticlal Injury as compased with ACE Inhibition alene.

Concbesfos: Our sesults show that trestment with ETy pecepoor antagoalst sttenuates the CKD- and CHF-related
mantadity, and addirion of ET, rereptos antagnaist i the Sandard Wockase of RAS by ACE! exhibits addirionsl

renaprotective acrions.

1. Introduction

‘Congestive heart failure (CHF) presents an extrems burden to the
public healthcare worldwide. Almost 4% of CHF patients die within 1
year from the diagnosis and 0% within 5 years, even under adequate
maodemn thempy [ 1,2]. The incidence and prevalence of chronic kidney
diseaze (CKD) is also increasing [ 3] and CKD is one of the strangest risk
factors for the development of CHF [4,5]. CHF coexists with CKD in
approaimately half of CHF patients [4-4]. Unfornanately, patients with

estimated glamerular filtration rate < 30 ml/min/A.73 m® have now
lLargely been excluded from randomized cantrol trials in HF, which limits
the information on patients with combined CHF and CED [4,5,7 4],
Therefore, although the patients with combined CHF and advanced CKD
represent probably the highest cardiovasmalar risk population, their
exclusion from CHF trials is a serious deantological error. Even the
mewest guidelines of the Eurapean Society of Cardialogy far the treat-
ment af CHF admit that there is kinle direct evidenos to suppart any
recommendation for the treatment of these patients [7,5]. Obwioasly,
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E-mal! address orobalan

o (P, Eada).

2022114157

hetps://dolorg,
Recelved 16 Sep
Amnmmnmzm
0751332206 2022 The Auttos.
(e ereativerommons oeg, lieenses by /40,1,

Dermll Eerelved In revised form 11 Devember 2007, Aorepted 21 Decsmber 2022

Published by Elsevier Masson SAS. This 5 an open access  amicle uonder the CC BY  license



Endotelinovy system

- Vasoconstriction
- Blood flow reduction

N

Activation of NF-xB

Increased glomerular
permeability to albumin

T Increased iniracellular

Cal+ levels
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= Inhibition No+-K+ ATPase activity
- Activation NHE3

ET-1
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% 6 = NO production
NO-mediated vasodilation - Inhibition sodium
reabsorption

= Enhacement NOS
activity

- Activation NO
pathway
- Inhibition Na+
transport

Webb DJ et al. Trends in Pharmacological Sciences. 2007

Martinez-Diaz | et al. Int J Mol Sci. 2023




Endotelinovy systém

Antagonisté (blokatory) ET receptoru
- neselektivni (ET,/ET;) - bosentan (20:1)*, macitentan (50:1)*
- selektivni (ET,) - ambrisentan (200:1)*, atrasentan (1 200:1), zibotentan (10 000:1)

- dalsi
* schvdleno u PAH

X NU - periferni otoky, retence tekutin
(vice u neselektivni blokady i ET;— snizeni prutoku krve ledvinou, retence Na, ...)

Renalni selhani (CKD)
- SONAR trial (2019) — atrasentan u DM nefropatie — redukce progrese CKD a ESKD

- ZENITH-CKD (2023) — zibotentan + dapagliflozin u CKD +/- DM - redukce albuminurie
- PROTECT (2023) — sparsentan (dual ET+ARB) VS. irbesartan u IgA nefropatie — redukce proteinurie a eGFR poklesu

Srdecni selhani (CHF)
- hladina Big-ET a ET-1 vyznamny negativni prognosticky marker
- dosavadni klin. studie s ET blok. nepresveédcivé (neselektivni, méné selektivni)
- vy3&3i riziko NU V€. retence tekutin

Dhaun et al. Nat Rev Cardiol. 2019 Humbert et al. Eur Heart J. 2022 Heeespink et al. Lancet. 2019 Rovin et al. Lancet. 2023
Barton et al. Hypertension. 2019 Enevoldsen et al. J. Clin. Med. 2020 Heeespink et al. Lancet. 2023
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Kombinace CHF a CKD

Projekt CHARM (candesartan x placebo) u CHF

Celkova a KV mortalita, HF hospitalizace

CHARM - reduced

@ (LV EF < 40%) <450
450-60.0
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Efekt CKD na CHF prognézu
Mortalita v CHF studiich 2,3x vy$s§i u eGFR < 60ml/min a 1,7x vys$Si u albuminurie.

CHARM - preserved
®  (LV EF > 40%)

<450
450-60.0

>60.0

0 1 2 3 4
Years

Damman et al. European Heart Journal. 2014



"
Kombinace CHF a CKD

Trial L - Exclusi;n <60 ;]fmiufl.TSmZ >60 mlU/min/1.73 m2
DAPA _HF (96) eGFR<30 0.72 [0.66-0.86] 0.76 [0.63-0.92]
DELIVER (18) eGFR<25 0.81 [0.69-0.94] 0.84 [0.70-1.00]
EMPEROR-Preserved (17) eGFR<20 0.78 [0.66-0.91] 0.81 [0.66-1.00]
EMPEROR-Reduced (97) eGFR<20 0.83 [0.69-1.00] 0.67 [0.55-0.83]
SOLOIST-HF (98) eGFR<30 0.59 [0.44-0.79] 0.90 [0.58-1.37]
PIONEER-HF (67) eGFR<30 0.73 [0.61-0.87] 0.70 [0.59-0.84]
PARAGON-HF(69) eGFR<30 0.79 [0.66-0.95] 1.01 [0.80-1.27]
GALCTIC-HF (203) eGFR<20 0.98 [0.89-1.07] 0.84 [0.75-0.94]
PARADIGM-HF (66) eGFR<30 similar similar

EMPHASIS (81) eGFR<30 similar similar

Navzdory nejhorsi progndze, CKD pacienti vétSinou vyrazeni z CHF studii.
-> efekt standardni terapie?, davkovani?

Uptodate.com



Predchozi prace

1) ET, blokator zlepSuje preZivani animalniho modelu CHF (ACF TGR)
na uroven srovnatelnou s monoterapii ACEi.

2) ET, blokator zlepSuje morfologické a hemodynamické parametry u ACF TGR na uroven ACEi,
u funkce a remodelace PK dokonce lepsi.

Kala et al. Sjezd CKS 2020



Hypotéza a cile

Zvysend aktivace endotelinového systému u CHF a v kombinaci s CKD
je dlouhodobé maladaptivni a podili se na progresi obou onemocnéni.

Kombinovana chronicka selektivni blokada ET, (atrasentan) spolu s ACE inhibitorem:
—) A zlepsi prezivani TGR + ACF oproti monoterapii ACEi pres ovlivnéni morfologickych

srde¢nich a hemodynamickych parametr(i a nebude zpUsobovat retenci tekutin

N B zlepsi prezivani HanSD + 5/6 Nx + ACF oproti monoterapii ACEi pres ovlivnéni rendini
morfologie a funkce



A Model CHF

Left Kidney
«- Fistula

- Aorta

TGR rat aorto-caval fistula
(hypertensive) (ACF)



EH ACF TGR + ACEi

Sham-operated TGR [ ACF TGR + ETyblockade EI ACF TGR + ACEi + ETsblockade

O Sham-operated HanSD
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A 5/6NX+ ACF + ACEl

() untreated 5/6 NX + ACF

& 5/6 MK+ ACF + ET,, blockade + ACEI

[ 5/6 WX + ACF + ET, blockade

# 5/6NX + ACF + ET,, blockade + ACE
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Srdecni funkce
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