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Introduction. One of the major effects of hypertension on the heart is diffuse myocardial
fibrosis. Fibrosis is caused by increased deposition of extracellular matrix (ECM), particularly collagen
type I and type III fibers within the interstitium and coronary arteries [3]. Excessive collagen within the
myocardium in HHD results from several steps: [12,15] resident fibroblasts and other cells differentiate
into myofibroblasts; synthesis and secretion of procollagen increase; procollagen is converted into
microfibril-forming collagen by proteinases; collagen microfibrils assemble to form fibrils; and a lysyl
oxidase cross-links the fibrils to form collagen fibers. The key points are the following: myocardial
stretch releases growth factors such as TGF-f and angiotensin II [24], both of which induce fibrosis
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[16,19]; and TGF-B1 upregulates lysyl oxidase, which creates collagen crosslinks [21]. Therefore, there
are known mechanisms both for the stretch-up-regulated production of collagen and its cross linking.
While myocardial hypertrophy can potentially compensate for fibrosis [8,9], ECM deposition is almost
always pathological due to the risk of fibrillation and increased ventricular stiffness leading to systolic or
diastolic dysfunction [5].

The hypertrophy of cardiomyocytes is another consequence of cardiovascular remodeling
secondary to hypertension. It is the main mechanism by which the wall stress imposed on the LV wall
by pressure overload decreases. Myocardial hypertrophy involves stimulation of intracellular signaling
cascades, Janus kinase 2 (JAK2) way, activates gene expression, and promotes protein synthesis [11,28].

The hypertrophy of cardiomyocytes may be linked to their death as well. The dysregulated
protein synthesis and processing cause the accumulation of unfolded proteins. This can lead to the
activation of the unfolded protein response, which, in turn, may induce cardiomyocyte apoptosis [7]. In
cardiomyocytes isolated from spontaneously hypertensive rats with left ventricular hypertrophy (LVH),
an association was found between the activation of unfolded protein response and cardiomyocyte
apoptosis [26,27]. Additionally, clinical evidence suggests that in the hypertrophied myocardium, there
is a deficiency of the factors that prevent apoptosis (eg, gpl30/leukemia inhibitory factor receptor
survival pathway) [2,4]. Therefore, cardiomyocyte apoptosis is abnormally stimulated in patients with
hypertensive heart disease (HHD) [23,13].

In elderly patients, the myocardial contractility is often preserved even when the myocardial
relaxation is significantly impaired [25] either due to myocardial fibrosis, hypertrophy, or both. This
suggests the existence of a compensatory mechanism that increases contractility and maintains cardiac
output despite impaired relaxation.

The arterial baroreflex is one of the factors that regulate blood pressure and cardiovascular
variability in the short term. Several humoral, environmental, and behavioral factors can affect the
function of the baroreflex, as well as cardiovascular variability. Many central neural structures also
regulate blood pressure and contribute to the integrity of the baroreflex. Therefore, brain injuries or
ischemia can impair baroreflex and derange blood pressure regulation. Baroreflex dysfunction is also
commonly seen in cardiovascular disease. A blunted baroreflex and impaired heart rate variability
predict poor outcomes in patients with hypertension, heart failure, and myocardial infarction. The
mechanisms underlying these relationships are not well understood and may partly be due to cardiac
structural changes secondary to hypertension and/or altered central neural processing of baroreflex
signals [54,55].

One such compensatory mechanism is the high activity of the cardiac sympathetic nervous
system (CSNS) that increases myocardial contractility [10]. Catecholamines (eg, norepinephrine,
epinephrine) stimulate -receptors in the heart that raises both heart rate and contractility. Similar to
fibrosis, increased sympathetic activity is often considered pathological because it is found in
dilatation-induced heart failure [18].

Recent studies also indicate the pivotal role of inflammation and immune activation in the
pathophysiology of hypertension-induced end-organ damage [17,1]. Experimental evidence shows
extensive inflammation in hypertensive animal model-dependent cardiac damage, especially in response
to administration of exogenous aldosterone [29], angiotensin II, [2,22] stimulation of the sympathetic
nervous system [20] and pressure overload [6]. Injured cardiomyocytes release damage-associated
molecular pattern (DAMP) molecules that cause the healthy cardiomyocytes to produce inflammatory
mediators such as IL [interleukin]-1f, IL-6, and TNF-a [tumor necrosis factor o. Activation of these
mediators, in turn, leads to leukocyte stimulation and recruitment [14].

Several factors contribute to cardiovascular remodelings, such as increased production of
vasoconstrictor agents and inflammatory cytokines, endothelial dysfunction, myocardial hypertrophy,
and oxidative stress [30,31]. This is why a combination of sacubitril, a neprilysin inhibitor, and valsartan,
an angiotensin receptor antagonist, has recently gained public and scientific attention. Neprilysin
(neutral endopeptidase, also known as NEP) breaks down natriuretic peptide, one of the major targets
for treating hypertension. Neprilysin Inhibition increases natriuretic peptide levels. Natriuretic peptides,
in turn, induce natriuresis and vasodilation and inhibit the renin-angiotensin-aldosterone system.
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Neprilysin also breaks down vasoconstrictive peptides such as angiotensin II and endothelin. Therefore,
the hypotensive effect of the neprilysin inhibitor is mitigated by increased vasoconstrictive peptides
[32]. Although the combined inhibitor of neprilysin and ACE, omapatrilat, has a stronger hypotensive
effect than enalapril [33], concomitant use of neprilysin and ACE inhibitors increases the risk of
angioedema. This is because inhibition of neprilysin leads to accumulation of substance P while
inhibition of angiotensin-converting enzyme leads to accumulation of bradykinin. Substance P and
bradykinin both cause angioedema. In contrast, AT1 receptor antagonists do not inhibit bradykinin
metabolism. This is why valsartan was selected for combination sacubitril. The positive clinical outcome
of sacubitril/valsartan has been well documented in patients with heart failure with reduced ejection
fraction. Additionally, this combination is promising for patients with heart failure with preserved
ejection fraction and hypertension, especially for those with isolated systolic hypertension [34,35,36,37].

Literature Review. While blood pressure is regulated by various interconnected mechanisms, the
vasoactive peptides, hormones, and the enzymes involved in their synthesis and degradation play a key
role. Peptidases and peptide receptors are important targets for the development of new
antihypertensive medications [39]. The combination of a dual-acting, neprilysin (NEP) inhibitor and an
angiotensin receptor antagonist (ARB) (LCZ696 or sacubitril/valsartan, called), is a new drug containing
the equivalent amount of valsartan and sacubitril. It is the first and, so far, the only representative of this
group of drugs [40]. On one hand, these drugs inhibit neprilysin and promote the accumulation of
natriuretic peptides. On the other hand, they reduce the effects of the renin-angiotensin-aldosterone
system without accumulation of bradykinin [41]. Natriuretic peptides are structurally similar molecules
that activate guanylyl cyclase. They have natriuretic and vascular smooth muscle relaxant properties
and, therefore, regulate cardiovascular and renal systems. In general, natriuretic peptides have
cardioprotective and antihypertensive effects; they maintain homeostasis and reduce cardiovascular
fibrosis [42]. Three forms of the natriuretic peptide are known: atrial natriuretic peptide (ANP), type B
natriuretic peptide first isolated from the brain (BNP), and type C natriuretic peptide (CNP). Expression
and accumulation of ANP in granules occur mostly in the atrium. However, it is also found in other
tissue, such as ventricles and kidneys. It is released in response to the atrial wall stretching as well as the
hormones and peptides such as endothelin, angiotensin 1-9, angiotensin 1-7 [43]. BNP is identified in
greater numbers in the ventricles, where its gene transcription is regulated by myocardial strain. The
amount of both natriuretic peptides increases more than 100-fold in patients with heart failure [38,44].
There is a minimal amount of CNP in the heart so its concentration in plasma does not change in heart
failure. CNP is present in large numbers in chondrocytes, and it regulates bone growth. CNP is also
found in the endothelium and it causes hyperpolarization and relaxation of the blood vessel wall [45].
Intravenous use of ANP and BNP recombinant peptides has shown positive effects in patients with heart
failure. Although pronounced hypotension and a short half-life have limited their use in patients with
heart failure [46], more stable analogs are currently being studied. A different approach to increasing the
amount of circulating natriuretic peptides is to use a neprilysin (NEP) inhibitor. The use of a NEP
inhibitor to lower blood pressure is effective only in combination with renin-angiotensin-aldosterone
system inhibitors [47]. Neprilysin (also known as Neutral Endopeptidase 24.11, Encephalinase or CD10;
EC 3.4.24.11) binds to the cell surface. It has a large extracellular catalytic domain C-terminal that
degrades physiologically active peptides, namely natriuretic II S, endothelin-1, etc. However, clinical
trials have not shown the high efficacy of these drugs [48]. Inhibition of NEP has been shown to
increase plasma levels of vasodilatory natriuretic peptides, adrenomedullin, and bradykinin. However,
studies have also shown that inhibition of NEP increases the levels of angiotensin II and endothelin-1,
which have the vasoconstrictive effect [49]. Angiotensin I is more of a substrate for NEP, so an increase
in angiotensin II during inhibition of NEP is more driven by an increase in its production from
angiotensin I than a decrease in angiotensin II degradation. Given this fact, the NEP inhibitor was
initially proposed in combination with the angiotensin-converting enzyme (ACE) inhibitor. However,
the ACE / NEP inhibitor, omapatrilat, turned out not promising drug due to the increased risk of
angioedema. Angiotensin 1 (AT1) and 2 (AT2) receptors are G protein-coupled receptors. The binding of
angiotensin II to the ATI receptor activates various signaling systems, leading to hypertension,
endothelial dysfunction, vascular remodeling, and organ damage. Valsartan is an orally active



JECM 2022/4

nonspecific triazoline product that reduces angiotensin II-induced vasoconstriction and water and salt
retention by inhibiting AT1 receptors.

The combination of the NEP inhibitor sacubitril and the angiotensin receptor antagonist
valsartan increases NEP activity and inhibits the renin-angiotensin system without interfering with
bradykinin accumulation and NEP-associated vasoprotective effects [14]. A large-scale clinical trial of
PARADIGM-HF evaluated the use of sacubitril/valsartan in patients with heart failure with impaired
ejection fraction (HFrEF) and sustained ejection fraction (HFpEF) and confirmed its superior efficacy
over enalapril [50,51]. The use of sacubitril/valsartan was in patients with HfrEF. Despite the clinical
benefits of this drug, it has since been used only for heart failure in European and American guidelines.
However, the other possible indications for this medication are less explored. This, relatively, could be
explained by the so-called &quot; Clinical inertia&quot [52], which is associated with lower awareness
of the drug, refraining from changing treatment in stable patients, and reimbursement problems by
insurance companies. Although studies have shown that widespread use of sacubitril/valsartan can
reduce mortality and stabilize patient status.

Possible future indications for sacubitril/valsartan include arterial hypertension, heart failure
with sustained ejection fraction, myocardial infarction, diabetic nephropathy, stroke. Importantly,
sacubitril/valsartan showed a better effect on cardiac remodeling and ejection fraction compared with
ACE inhibitor perindopril in rats [53]. It is noteworthy, that based on several small-scale pilot studies,
the antihypertensive effect of sacubitril/valsartan was particularly pronounced in systolic blood pressure
and isolated systolic hypertension in the elderly. However, these are only preliminary data and it is
necessary to conduct additional experimental studies and more extensive randomized clinical trials. It
will aid in fully revealing the mechanisms of action of the drug in the management of various types of
arterial hypertension, especially in its resistant forms.

Conclusion. Putting together the links between hypertension-induced cardiovascular
remodeling and the detrimental clinical outcomes of patients with hypertensive heart disease, aiming to
reduce cardiovascular remodeling is key for the overall clinical care of these patients. A combination of
sacubitril, a neprilysin inhibitor, and valsartan, an angiotensin receptor antagonist, which has positive
clinical outcomes in patients with heart failure with reduced ejection fraction, has recently gained
public and scientific attention for patients with heart failure with preserved ejection fraction and
hypertension (especially for those with isolated systolic hypertension). Importantly, sacubitril/valsartan
showed a better effect on cardiac remodeling and reversal fraction compared with ACE inhibitor
perindopril in rats. However, these are only preliminary data and further research should be conducted
in both experimental and clinical settings.
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LJABHJ] TOJIOHIBHJIHI 1, 3YPAB 3AAJIMIIIBHIIH ?, JTHAHA KEPATHIIIBHIIHI ?,

MAHA OKYIDKABA ', HUKOJIO3 TOHTAZISE ', MAHAHA T'OHTAJZISE !
IMTATO®PUN3NOJIOTUYECKUE ITPUHITUIIEI, JIEXXAIITWE B OCHOBE BJIMAHUA CAKYBUTPUJI-
BAJICAPTAHA HA PEMOJIEJIMPOBAHUE CEPJIEYHO-COCYIUCTOM CUCTEMBI,
BBI3BAHHOE I'MITEPTOHUEN
'Tommucckuii I'ocymapcrBennsrit MeanmuHCKui Y HUBepCUTeT, PaKyIbTeT MeUIIMHCKON
(apmaxosorum;

2 AMepHKaHCKas IIporpaMMa JUIJIOMIPOBAHHOTO Bpada

PE3IOME

PemogenupoBaHne MmOKapza - 3TO IIPOLECC, BBIMOJHAEMBIN KapAUOMHOIUTAMHY, IPYTUMU
KJIETKaMHU B MUOKapje (9HIOTeIHaIbHbIe KIETKH, GuOpOO6IACTHI, IepULIUTE ¥ UMMYHHBIE KJIeTKH). B
pesyabTaTe KOMIIO3HIUA, 00BeM U (PU3HOJIOrHSA KapAHMOMHOLUTOB, MHTEPCTUIIUATBHON MATPHUIBI U
KOPOHApPHBIX COCYZOB IIOABEPralOTCA B3aMMOCBA3AHHBIM M3MEHEHUAM. DTU M3MEHEHHI BPeITHO BIIMAIOT
Ha KJIMHWYECKUe pe3y/bTaThl IAlMEeHTOB C TUIepPTOHWYecKoil Goiesusio cepana (HHD) m3-3a pucka
GuOpM/IIANUY ¥ IIOBBIIEHHON JXEeCTKOCTU JKEeJTyZOYKOB, IPHUBOAAIIUX K CHUCTOJIMYECKOH WIN
nuacronndeckoi puchyukiuu. CresoBaTeIbHO, YMEHBIIUTD CEPAEIHO-COCYAUCTIE PeMOieTHpOBaHNe
SABJIIETCS OCHOBHOM IIeJIBIO I OO KIMHUYEeCKOM ITOMOIIY STUM ITaleHTaM.

Heckompko mpenaparoB, TAKMX KaK aHTHOTEH3MHOBbIE MHTHOUTOPHI pepMeHTa, GeTa-0I0KaTOpBI
Y aHTATOHHCTHI AJIBJOCTEPOHA ITMPOKO HCIOIB3YeTCA AJNA YMEeHBIIEHHS PeMOJeINPOBAHIA MUOKApZa.
Kom6uuanmusa cakyOuTpmira, MHTHOMTOpPAa HENPUIM3MHA U BaJabCapTaHA, AHTATOHUCTA pelelTopa
aQHTMOTEH3UHA, KOTOPHIIl MMeeT IOJIOXKUTEIbHbIe KIMHNYEeCKHe Pe3yJIbTaThl y MAI[UeHTOB C CepIeYHON
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HeJOCTATOYHOCTHIO C YMEHbIIEHHOM (pakiueil BEIOPOCca, HeIaBHO IIPUBJIEKIO OOIeCTBEHHOE U HayIHOe
BHUMaHMe JJs [AlUeHTOB C CepJeYHON HeJOCTATOYHOCTHIO C COXpaHeHHOH ¢pakiueil BsIOpoca.
Crioco6CTBYsI HAKOIUIEHHIO HATPUAYPETHIECKIX MIEINITUAOB, KOTOpPBIe 00Iajal0T HaTPUIyPeTUIeCKUMU U
COCYANICTBIMH PpPE€JIaKCAaHTHBIMH CBOMCTBAMH U CHIDKEHHEM BIHUSAHUA CHCTEMBI PEHUH-aHTUOTEH3NH-
TBIOCTEPOHA, KOMOWHAIMA  OTHX  [BYX  IpelmapaToB  KMeeT  KapAHOIPOTeKTHBHBIE U
aHTUTUIIepTeH3UBHbIe 5((}EKTHl W yMeHbIIaeT KapAHOmonoOHbIH ¢(ubpo3. Cremyer OTMETHTH, YTO
Sacubitril/Valsartan mokasai sydiee BINSHUE Ha PeMOJeIUPOBaHNE CepALa U PPaKIuio 0OpalleHus 1o
cpaBHeHUIO ¢ nepuHzonpmioMm unruouropa ACE y xpeic. Tem He MeHee, 3TO TOJIBKO IIpeBapUTEIbHbIE
AJdHHbIE, N Goee IWPOKHNE UCCIENOBAHNA NOJIXKHBI IIPOBOANUTHCA KAaK B OKCIIEPUMMEHTA/IBHBIX, TaK U B
KINMHUYIECKHUX YyCJIOBHUAX, YTOOBI IIOJHOCTBHIO BBIABUTH MEXAHH3MBI ,ZI;eﬁCTBHE[ IIpenapaTta IIpu JIeYeHUHN
Pa3IUYHBIX THIIOB apTepHaIbHON TMIIEPTOHUM.

DAVID GOLOSHVILI!, ZURAB ZAALISHVILI?, DIANA KERATISHVILI?,

MAIA OKUJAVA !, NIKOLOZ GONGADZE !, MANANA GHONGHADZE'!
PATHOPHYSIOLOGICAL PRINCIPLES UNDERLYING THE EFFECT OF SACUBITRIL-VALSARTAN
ON HYPERTENSION-INDUCED CARDIOVASCULAR REMODELING
ITbilisi State Medical University, Department of Medical Pharmacology; 2American MD Program.

SUMMARY

Myocardial remodeling is a process executed by cardiomyocytes, other cells within the
myocardium (i.e, endothelial cells, fibroblasts, pericytes, and immune cells), and cells recruited from the
circulation (e.g, immune and inflammatory cells) in response to mechanical and non-mechanical stimuli.
As a result, the composition, volume, and physiology of cardiomyocytes, the interstitial matrix, and the
coronary vessels undergo interrelated changes. These changes detrimentally affect the clinical outcomes
of patients with hypertensive heart disease (HHD), due to the risk of fibrillation and increased
ventricular stiffness leading to systolic or diastolic dysfunction. Therefore, to reduce cardiovascular
remodeling is the main aim for the overall clinical care of these patients.

Several drugs, such as angiotensin-converting enzyme inhibitors, beta blockers, and aldosterone
antagonists, have been consistently shown to decrease remodeling in animal models and in clinical trials,
and are currently widely used to decrease myocardial remodeling. A combination of sacubitril, a
neprilysin inhibitor, and valsartan, an angiotensin receptor antagonist, which has positive clinical
outcomes in patients with heart failure with reduced ejection fraction, has recently gained public and
scientific attention for patients with heart failure with preserved ejection fraction. By promoting the
accumulation of natriuretic peptides, which have natriuretic and vascular smooth muscle relaxant
properties and by reducing the effects of the renin-angiotensin-aldosterone system, the combination of
these two drugs has cardioprotective and antihypertensive effects and reduces cardiovascular fibrosis. It
is noteworthy, that sacubitril/valsartan showed a better effect on cardiac remodeling and reversal
fraction compared with ACE inhibitor perindopril in rats. However, these are only preliminary data and
more extensive studies should be conducted in both experimental and clinical settings in order to fully
reveal the mechanisms of action of the drug in the management of various types of arterial
hypertension.

Keywords: sacubitril/valsartan, arterial hypertension, cardiac remodeling
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