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Abstract 

Background Hemodynamic regulation is a substantial part of the physiological integrity of the human body. It is 
based on the delivery of proper blood perfusion to every organ. Five primary vasoactive substances are nearly located 
throughout the human body, either released from the endothelium, prostanoids, nitric oxide (NO), and endothelin-1 
(ET-1); or considered as hormones, bradykinin (BK) and natriuretic peptides (NPs).

Main body The circulating mediators are in synchronization with the renin–angiotensin system (RAS) during the 
pathogenesis of the main vital organs, heart, kidney, lung, liver, and brain. The RAS system has been an extensive 
therapeutic approach for cardiovascular and renal diseases for decades, but more recently became a crucial regulator 
of hemodynamics in other organs after the actions of its components were detected in other organs. All the men-
tioned disorders here begin with the initiation of abnormal imbalance between vasoactive mediators which causes 
vascular dysfunction and histopathological situations that may induce oxidative stress which exaggerates the disorder 
if there is no clinical intervention.

Conclusion We will review the currently identified signaling pathways and the possible relationships between those 
compounds elucidating how they interfere with serious diseases including cardiovascular diseases (CVDs), chronic 
kidney disease (CKD), pulmonary arterial hypertension (PAH), portal hypertension (PHT), and Alzheimer’s disease (AD). 
Thus, this updated review summarizes years of work that aims to define the contribution of each mediator in both 
normal and pathological states, besides the drugs based on their activity and their places in either preclinical or clini-
cal trials.

Keywords Prostacyclin  (PGI2), Cyclooxygenase-2, Neprilysin, N-terminal prohormone of brain natriuretic peptide, 
Angiotensin (1–7), Angiotensin-converting enzyme inhibitors, Angiotensin II receptor blockers

Background
To function properly, multiple tissues maintain constant 
blood flow during changes in blood pressure (BP) for 
appropriate organ perfusion. The endothelial cells that 
line such blood vessels secrete vasoactive substances 
to maintain functionality in response to abnormalities 
such as inflammatory mediators [1]. These compensat-
ing mechanisms are known as “Autoregulation.” Although 

the exact comprehensive steps of these processes are not 
completely defined, some hypotheses were introduced 
including myogenic and metabolic mechanisms that 
immensely involve vasoconstriction in response to high 
BP or preserving the vasodilating substances [2]. Among 
the first compounds proposed to influence autoregula-
tion are prostaglandins (PGs) [3] and nitric oxide (NO) 
[4].

Regular vasoactivity can be exemplified by endothe-
lin-1 (ET-1) which mediates both vascular smooth mus-
cle (VSM) contraction by binding to endothelin A (ETA) 
receptor, and relaxation by binding to endothelin B (ETB) 
receptor. Another example is the ratio between prostacy-
clin  (PGI2) and thromboxane  A2  (TXA2) which regulates 
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the balance between relaxation and constriction, respec-
tively, which should be maintained in susceptible popu-
lations including patients with CVDs, as higher  TXA2 
concentrations could lead to drastic complications [5]. 
Prostaglandin  E2  (PGE2) mediates VSM relaxation by 
binding to  EP2 and  EP4 and vasoconstriction by binding 
to  EP1 and  EP3 [6]. CVDs and cognitive impairment are 
two examples where natriuretic peptides (NPs) do not 
just serve as a therapeutic target, but also as biomarkers 
as we will explain, later.

Classical RAS system has an overall vasoconstrictive 
action, mainly, because of angiotensin II through binding 
to angiotensin II receptor type 1 (AT1R). On the other 
hand, angiotensin (1–7), a key player of the alternative 
system, generates NO by binding to Mas-related G-pro-
tein-coupled receptor type D (MrgD) [7].

This review does not cover all vasoactive mediators, 
but rather some of the endothelial and hormonal ones. 
This article is divided into two parts: first, it covers the 
mechanisms of action of the regulatory mediators includ-
ing those that compose the RAS system in normal states. 
Second, it elaborates on their roles and the possible rela-
tionship between each other in either chronic diseases or 
treatments.

The pathophysiologies of the selected disorders are not 
explicitly discussed; for instance, genetic and environ-
mental factors, but rather only the relevant ones associ-
ated with the mentioned mediators.

Main text
Vasoactive endothelium secretions
Prostanoids
"Prostanoids" is a term that covers both prostaglandins 
(PGs) and thromboxane  A2  (TXA2), which also falls 
under the category of eicosanoids, which are lipid hor-
mone-like compounds derived from arachidonic acid 
[8]. Those substances are produced by the constitutive 
cyclooxygenase-1 (COX-1) from the arachidonic acid 
and are present in most cells in normal physiology; there-
fore, COX-1 enzyme is considered a homeostatic regula-
tor. Nevertheless, cyclooxygenase-2 (COX-2) is mostly 
induced by abnormal stimuli such as tumor promoters, 
and cytokines; but it also helps in the PGs generation 
function of COX-1 [8].

Typically, there are five main classes of G-protein-
coupled receptors of prostanoids (Dp, Fp, Ip, Ep, Tp) to 
which  PGD2,  PGF2α,  PGI2, PGE, and  TXA2 bind, respec-
tively [6]. Figure  1 illustrates the synthesis pathway and 
functions of prostanoids.

Moreover, prostanoids are crucial for the modulation 
of pro- and anti-inflammatory responses depending on 
the status of the abnormality [9].

In kidneys,  PGE2 and  PGI2 have an anti-hypertensive 
effect through vasodilation. This effect is opposed by 
administering non-steroidal anti-inflammatory drugs 
(NSAIDs) [10].

Fig. 1 Synthesis and Functions of Prostanoids. Normally, the constitutive isoforms of COX enzymes are produced by the action of phospholipase 
 A2 on membrane phospholipids; but in inflammatory diseases, phospholipase  A2 is triggered to produce inducible COX-2. Prostaglandin  H2 is the 
precursor of the five main types of prostanoids which generates them upon the catalysis of specific isomerase (synthase) enzymes for each type [6, 
8]. GIT indicates gastrointestinal tract. VSM, vascular smooth muscle
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In addition to being a potent platelet activator,  TXA2 
regulates BP, for that it was found, although mice defi-
cient  TXA2 maintained thrombopoiesis, there was a 
hemostatic irregularity due to the shift of arachidonic 
acid into the production of vasodilating prostaglandins, 
 PGE2,  PGD2,  PGF2α, and  PGI2, but it saved those mice 
from the drop of blood pressure compared to the TP 
deleted ones, which means other PGs have an affinity to 
TP receptor, adapting to each situation [11]. Accordingly, 
 TXA2 antagonism and receptor blockade are still under 
investigation because of their efficient vasodilation over 
acetylsalicylic acid [12].

Endothelin‑1 (ET‑1)
There are mainly 3 types of endothelin polypeptides; 
(Endothelin-1, -2, and -3). Endothelin-1 (ET-1) is the 
most potent vasoconstrictor and is located in the 
endothelial cells of smooth muscles and myocardiocytes; 
thus, it has a major role in the pathogenesis of atheroscle-
rosis and hypertension [19]. Endothelin-2 (ET-2) is found 
in intestinal epithelial cells, while Endothelin-3 (ET-3) is 
expressed in vascular endothelial cells and intestinal epi-
thelial cells [19]. After successfully cloning the structure 
of preproendothelin-1, the precursor of ET-1, expressed 
in bovine carotid artery cells, which has the same length 
as in humans, it was postulated that Ang II and vasopres-
sin were among the potent inducers of the parent protein 
[20].

There are two types of endothelin receptors, Endothe-
lin A (ETA) and Endothelin B (ETB); that mediate vaso-
constriction and vasodilation, respectively; since the 
stimulation of ETB receptor activates NO and prostacyc-
lin resulting in vasodilation of VSM [21]. Binding to ETA 
receptor activates phospholipase C, resulting in increased 
cellular  Ca2+ levels causing muscle contraction. ETA 
receptor is present in vascular smooth muscles. There are 
two types of ETB, ETB-1 that can be found in endothelial 
cells; while, ETB-2, like ETA, is located in the same areas 
producing the same effects upon binding. Hence, ET-1 is 
involved in chronic diseases including, but not limited to, 
hypertension, hepatic cirrhosis, chronic kidney disease, 
and pulmonary hypertension [22]. Endothelin recep-
tor blockade drugs are either selective for ETA recep-
tors such as ambrisentan and avosentan; or non-selective 
including bosentan and macitentan.

It is noteworthy that the ETA receptor has the highest 
affinity to ET-1, while all three types of ET bind similarly 
to ETB [23]. Both endothelin converting enzyme-1 (ECE-
1) and -2 (ECE-2) preferably cleave Big ET-1 more than 
Big ET-2 and—3, generating ET-1 [24]. Also, ECE-1 is the 
major producer of ET-1 [23].

The contradictory coupling of NO and ET-1 which can 
be witnessed as low NO level usually becomes associated 
with elevated ET-1 release, and shear stress is contro-
versial; nevertheless, this coupling is used as an effective 
therapeutic approach for several disorders [25].

Nitric Oxide (NO)
NO was identified in the early 1980s as (endothelium-
derived relaxing factor) released as a result of the vasodi-
lating effect of acetylcholine [13].

NO is, generally, produced from l-arginine amino 
acid by nitric oxide synthase (NOS), which is present in 
either a constitutive isoform or an inducible (iNOS) one. 
The constitutive NOS can be found in neurons, neu-
ronal NOS (nNOS); or in the epithelium, epithelial NOS 
(eNOS), and platelets particularly in cardiomyocytes and 
airway cells. Constitutive NOS can be activated by sub-
stances, for example, acetylcholine and bradykinin (BK) 
under physiological conditions; meanwhile, iNOS is 
mainly stimulated by an abnormality such as infection 
[14].

NO activates guanylyl cyclase that catalyzes the con-
version of guanosine triphosphate (GTP) to cyclic 
guanosine-monophosphate (cGMP), a regulator of plate-
let aggregation and contraction of cardiac and vascular 
smooth muscles. cGMP activates protein kinases releas-
ing  Ca2+ into the blood causing vascular vasodilation 
[15]. NO has a higher affinity to stimulate the soluble 
type of guanylyl cyclase (sGC) in preference to the mem-
brane-bound one; thus, upon desensitization of sGC, the 
cellular responses to cGMP decline as a feedback inhibi-
tion of phosphodiesterases, namely phosphodiesterase 5 
(PDE-5) counter effects; hence, tadalafil, an inhibitor of 
PDE-5, is approved to treat PAH [15–17]. Inhibition of 
the eNOS enzyme, caused by asymmetric-dimethyl-argi-
nine (ADMA), is associated with detrimental disorders 
including cardiovascular, kidney disease [18], and pulmo-
nary hypertension; consequently, its plasma level could 
be used as an assessment biomarker.

Vasoactive hormones
Natriuretic peptides (NPs)
The three substantial peptides are (1) Atrial natriuretic 
peptides (ANP), which by name, are secreted from the 
atria. (2) Brain natriuretic peptides (BNP) were detected 
in the brain of laboratory porcine but in humans to a lit-
tle extent, but were identified to be secreted largely by 
ventricular myocytes in humans. (3) C-type natriuretic 
peptide (CNP), which has a more potent venous effect 
than an arterial one [26].

BNP is synthesized by its precursor, ProBNP, by 
proteolytic enzymes (corin and furin) along with the 
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N-terminal prohormone of brain natriuretic peptide 
(NT-proBNP) [27].

The primary stimulus of the two peptides is the 
increased vascular resistance; however, the secre-
tion of NT-proBNP could be induced by Ang II and 
endothelin, which means their plasma concentration 
can indicate cardiac disorders such as heart failure, 
coronary artery syndrome; particularly NT-proBNP 
due to its longer half-life [27].

Similarly, the precursor of ANP, proANP, is cleaved 
by corin to form the active molecule, NT-proANP 
which is elevated along with NT-proBNP in atrial 
fibrillation [28] and systemic sclerosis [29]. Inter-
estingly, ANP regulates macrophage-mediated NO 
release as macrophages express iNOS, which suggests 
its role in reversing the deleterious effects of NO as an 
inflammatory factor [30].

A few years after discovering and upon the investiga-
tions of the ECEs, a new divalent cations metalloen-
dopeptidase (NEP 24.11), which later became known 
as Neprilysin (Nep). This peptidase enzyme is respon-
sible for the degradation and inactivation of the three 
natriuretic peptides besides, bradykinin, and endothe-
lins; specifically, ET-1 [31, 32].

ANP and BNP exhibit their activities by binding to 
guanylyl cyclase which leads to vasodilation by activa-
tion of the cGMP signaling pathway, which also results 
in producing NO; consequently, feedback regulations 
of such peptides [33].

Nevertheless, CNP receptor does not follow that 
signaling pathway but has almost similar affinity for 
ANP and BNP considering the overall plasma concen-
tration of CNP is quite low, and since the receptor was 
found to induce water excretion and increased perfu-
sion in kidneys, it was proposed that its main function 
is wash out the NPs, although it induces relaxation of 
VSMs and cardiac myocytes by upregulation of NOS 
[34]. Washing out of ANP and BNP from plasma is 
either by excretion by natriuretic peptide C receptor 
in kidneys or by degradation by the insulin-degrading 
enzyme (IDE) and Nep [35].

NPs cause natriuresis by inhibition of renal Na chan-
nels, and inhibition of renin release which leads to 
diminished aldosterone levels, counteracting Ang II 
[36]. As compensatory mediators, all NPs are increased 
in case of heart failure, but only BNP is used as a diag-
nostic marker for the detection of cardiac impairment. 
Taking into account such positive effects, nesiritide, 
a recombinant BNP, was approved for acutely decom-
pensated heart failure, but with no beneficial result in 
the overall mortality status [37].

Bradykinin (BK)
BK is a potent vasodilating kinin, metabolized by kini-
nase-1 and kininase-2, the latter is also called angioten-
sin-converting enzyme (ACE) [38], meaning that the 
ACE inhibitory drugs (angiotensin-converting enzyme 
inhibitors (ACEIs) and angiotensin II receptor block-
ers (ARBs)) elevate plasma kinin levels. Figure 2 shows 
the synthesis of BK, which contributes to angioedema 
and bronchoconstriction. The effects of BK are not fully 
understood, but the pain stimulation it causes could be 
correlated with PGs, and the vasodilation may result 
from the release of NO by binding to B2 receptor. BK 
has a high affinity for B2; while Des-Arg9-BK, an active 
metabolite of BK, predominantly binds to B1 receptor. 
Both receptors generate inflammation, but binding to 
the B2 receptor can, also, lead to positive actions by 
releasing NO and  PGI2 [40].

As an autacoid, there is a modulation between BK and 
other inflammatory mediators like NO in chronic dis-
eases, and its solo inflammatory manifestations are wit-
nessed in angioedema disorders. The primary receptors 
of BK are the G-protein-coupled receptors B1 & B2. B2 
is physiologically constitutive but also involved in the 
acute phase of inflammation of somatic and visceral pain 
because it is more abundant than the B1 receptor [41].

Both receptors are located throughout the human 
body; particularly, in the thalamus and hypothalamus. 
Notably, BK is a primary inducer of COX-2-mediated 
inflammation as a result of binding to B2 receptor by 
long-term conversion of arachidonic acid to  PGE2 [42].

There are several types of angioedema since there are 
mediators other than BK as histamine, but BK is cur-
rently corresponding to three types of the disease which 
are hereditary, acquired, and renin–angiotensin-system 
blocker-induced angioedema [43]. All of those types 
result from dysregulation of BK metabolism. In brief, the 
first two types are mainly associated with the deficiency 
of the C1 inhibitor (C1-INH) protein, a restrictor of 
activation of C1 protein of the complement system and 
a modulator of clotting formation. C1-INH downregu-
lates the catalytic effect of the conversion of prekallikrein 
to BK as Fig.  2 illustrates; consequently, both types are 
associated with elevated plasma levels of BK [44]. The 
hereditary type is primarily either due to deficiency of 
gene expression of C1-INH or dysfunction of the gene 
which became prominently known to be mediated by BK 
[45]. The acquired type is due to auto-antibody response 
against C1-INH, which is correlated with the Kallikrein–
kinin system (KKS); thus, when the infusion of C1-INH 
fails in the treatment of such case, kallikrein and BK 
receptor antagonists are considered [46].

The third type results as a rare side effect in case of 
long-term administration of RAS blocking agents which 
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leads to higher plasma concentrations of BK that bind to 
B2 receptor leading to severe inflammation and increased 
capillary permeability which leads to angioedema; hence, 
drug withdrawal may stop the symptoms [43].

Renin–Angiotensin system (RAS)
RAS has a prominent role in the hemodynamics of vital 
organs, especially in chronic disorders. Briefly, the RAS 
system activation begins essentially from renin, a pro-
teolytic enzyme that converts its substrate, angiotensino-
gen, into angiotensin 1 (Ang I), which is converted later 
by angiotensin-converting enzyme 1 into Ang II. Fur-
thermore, angiotensin-converting enzyme 2 (ACE-2) 
catalyzes the conversion of Ang II to Ang (1–7). ACE-2 
may also convert (Ang I) to Ang (1–9), which is then 
converted to Ang (1–7) by ACE and Nep [39] as Fig.  2 
elucidates.

Ang II to some extent and Ang III, an active metabolite 
of Ang II with the same effects, to a higher one, induce 

aldosterone release from zona glomerulosa of the adrenal 
cortex that aids in elevating BP, mainly, as a consequence 
of Na and water retention by acting on Na–K pumps. 
Consequently, aldosterone has been considered a sub-
stantial addition to the RAS, to which could be referred 
as renin–angiotensin–aldosterone system (RAAS) [47].

The higher extent of ACE-2 cleavage of Ang II to Ang 
(1–7) than converting ANG I to Ang (1–9) by binding to 
Mas-related G protein-coupled receptor type D (MrgD) 
elevates eNOS by protein kinase B signaling [7], which 
overall, mediates therapeutic benefits such as vasodila-
tion, anti-inflammatory, and antifibrotic actions [48], 
which may explain why ARBs are more effective than 
ACEIs to some proportion in certain cases.

However, it was recently established that Ang (1–7) is 
mostly produced by direct cleavage of Ang I by nepri-
lysin, and by less extent by the other enzymes in both 
murine and human kidneys in normal state and chronic 
kidney disease (CKD) and by Ang II pathway as alterna-
tive synthesis pathways [49].

Fig. 2 The Correlation between renin–angiotensin system (RAS) and the kallikrein–kinin system (KKS). The interrelationship between the two 
systems can be found in Kallikrein which catalyzes the production of renin from its precursor (prorenin), and after the activation of the RAS, ACE-2 
enzyme metabolizes bradykinin active metabolite, Des‐Arg9‐BK. C1 inhibitor protein inhibits bradykinin formation, directly by s suppressing the 
kininogen pathway; and indirectly by inactivating the kallikrein synthesis pathway from FXIIa factor [38, 39]
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The counterpart interactions between Ang II and NPs 
have been known for years which was witnessed upon 
the inhibition of Ang II by quinapril and candesartan 
inducing the activity of ANP in a preclinical study [50].

Although renin is mostly generated by the granular 
juxtaglomerular cells of the renal arterioles, the expres-
sion of the mRNA of renin was detected in the heart in 
severe conditions such as severe reduction in  Na+ levels 
[51].

As ACE degrades the production of BK, hampering 
the enzyme by ACEIs would elevate BK levels; however, 
ARBs have a lower incidence of cough as a side effect 
than ACEIs by blocking BK production [52, 53]. As NOS 
can be stimulated by BK, administrating anti-renin–angi-
otensin–aldosterone drugs could increase the expression 
of NOS gene restricting oxidative stress.

Although there were some doubts about the direct 
influence of the RAAS on endothelin production, it was 
found that upon the expression of Ang II gene, endothe-
lins elevate along with the upregulation of ETA receptors 
and downregulation of ETB [54]. Moreover, the libera-
tion of NO and prostacyclin by the activation of ETB 
receptors was proved to be beneficial in female rats in 
renal damage modeling [55]. Moreover, ETB regulates 
BP by helping in the excretion of Na and water, while it is 
downregulated as in the case of depleted salt intake as a 
result of increased Ang II release; thus, administration of 
ARBs elevates the expression of ETB receptors in cardio-
vascular disorders [54].

It was found that Ang II stimulate catecholamines in 
pithed rats by binding to angiotensin II receptor type 1 
(AT1R), even with the use of ganglionic blockade in a 
dose-dependent manner, but its sympathetic mediated 
effects were suppressed by initiating candesartan [56].

Cardiovascular diseases (CVDs)
Hypertension is one of the most prominent cardiovascu-
lar risk factors that predispose to cardiac complications 
such as coronary artery disease and heart failure (HF), 
which have significant mortality rates in 2019 [57].

Although the RAAS system is a major key element 
in CVDs, it is often normal in black people while the 
elevated  Na+ levels were the primary cause besides low 
excretion of potassium even in normal intake which 
suggests the beneficial role of  K+ as concluded in a 
recent study [58], which is why ACEIs and ARBs are 
not at the first line for their treatment of hypertension 
[59]. Even an updated study stated that administration 
of angiotensin receptor-neprilysin inhibitor (ARNI) 
(Entresto®) which combines a Nep inhibitor, sacubitril, 
and an ARB, valsartan, for heart failure, resulted in low 
but acceptable adherence with Africans compared with 
other participants; meanwhile, a previous initiation of 

ACEIs/ ARBs can improve the adherence issue, yet that 
solution needs further assessment [60].

Among the endothelial dysfunction mechanisms of 
aldosterone associated with CVDs is the alteration of 
COX-2 metabolites, specifically elevating the ratio of 
 TXA2/  PGI2; although, aldosterone and renin may be at 
normal levels, especially in blacks [61], considering the 
detrimental effects of  TXA2 in such disorders, which 
leads to the proposition of treatment with COX-2 
inhibitors [5, 62].

Prostacyclins show cardioprotective action by inhi-
bition of platelet aggregation besides relaxation of the 
systemic vascular endothelium as they are produced 
by not only COX-1 but also by constitutive isoforms 
of COX-2 enzyme which were found to regulate the 
homeostasis of the kidneys by regulating renin release 
and renal blood perfusion [63].

PGI2 produced by COX-2 counteracts thrombosis 
mediated by  TXA2 which may lead to thrombosis risk 
upon initiating coxibs, selective COX-2 inhibitors, 
since  TXA2 is produced mostly by COX-1 enzyme. 
Because of other side effects such as abdominal bleed-
ing of the non-selective COX inhibitors, both types of 
NSAIDs should be used only if necessary with precau-
tion in CVD, taking into account the exacerbations of 
NSAIDs, particularly with patients who have a history 
of CVD [64].

PGE2 has controversial cardiac effects; for that reason, 
much effort was made to develop receptor agonists of the 
four  PE2 receptors that are described here [65].  EP3 and 
 EP4 are almost the most remarkable receptors to attenu-
ate inflammatory cytokines in ischemic heart models.

Peroxisome proliferator-activated receptor γ (PPARγ) 
is a member of the nuclear receptor family that has multi-
ple roles in organism’s biological processes whose activity 
is exhibited by binding to ligands namely prostaglandin 
 PGJ2, a dehydrated form of  PGD2 [66]. One of the cru-
cial roles of PPARγ agonism is anti-inflammatory which 
appeared markedly in using the antidiabetic thiazoli-
dinediones by inhibiting cytokines as well as improving 
contractile function by lowering insulin resistance in the 
process of glucose metabolism [67]. However, this class 
was taken out of the market in EU countries and the FDA 
black-boxed the category, specifically rosiglitazone, due 
to its association with myocardial infarction and possible 
heart failure due to overactivation of NPs and collagens 
causing cardiac hypertrophy [67].

Many cases have been reported regarding the exagger-
ated angioedema associated with bradykinin-releasing 
drugs namely ACEI, ARBs, and Dipeptidyl peptidase-4 
inhibitors; including an old female patient who was diag-
nosed with acquired angioedema and stopped using 
sitagliptin and irbesartan, but owing to interrupted 
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follow-up and taking ramipril, even icatibant, selective 
BK B2 antagonist, and tracheostomy were unsuccessful 
which led to her death [68].

Despite the main indication of endothelin antagonists 
is pulmonary arterial hypertension and that endothelin 
influence is, perhaps, lower than Ang II and sympathetic 
adrenergic vasoconstriction, ET-1 receptor blockers 
could only be used after assessment in hypertension, par-
ticularly in resistant cases [69]. The imbalance between 
NO and ET-1 could be a risk factor for essential hyper-
tension. Moreover, certain concomitant gene polymor-
phisms of ACE and eNOS were added to the currently 
known risk factors of coronary artery disease [70].

To take advantage of NPs, omapatrilat was developed 
based on Nep and ACE inhibition showing positive 
effects in the atrium in heart failure with reduced ejec-
tion fraction (HFrEF) due to ANP release [71], and higher 
efficacy than enalapril as in OCTAVE trial in hyperten-
sive patients and those with concomitant heart failure; 
however, it resulted in more cases of angioedema than 
enalapril [72] and its approval was denied. Entresto is a 
newer drug that was approved for HFrEF (NYHA class 
II to IV) in 2015 [73] and became recently indicated in 
HF with preserved ejection fraction and left ventricu-
lar hypertrophy [74]; besides having a greater efficacy in 
lowering BP in comparison with ARBs [75] and ACEIs 
[76]. According to the PIONEER-HF clinical trial of 881 
patients diagnosed with HF, only one non-black patient 
experienced angioedema with Entresto; moreover, other 
side effects, for example, hypotension, hyperkalemia, and 
renal dysfunction were higher during Entresto adminis-
tration compared to enalapril in all races, even though 
the blacks had an overall lower risk ratio of side effects 
than non-blacks [77].

Exploiting the alternative pathway of the RAS, a novel 
nonpeptide analog of Ang (1–7), AVE0991, was found to 
decrease the mass of collagen mass of the fibrotic hearts 
of rats improving cardiac functions protecting them from 
high BP [78] reducing oxidative stress-mediated enzymes 
[79].

Chronic kidney disease (CKD)
The protection activities of  PGE2 in kidneys were wit-
nessed when BK [80] and noradrenaline [81] were infused 
in animal models which resulted in induction of diuresis 
to wash out the vasopressors; however, other PGs such as 
 PGF2α may not be induced in such extent of the  PGE2 due 
to lower abundance and potency [80, 82].

PGs contribute to renal functions, particularly,  PGE2 
which increases glomerular blood flow by afferent vaso-
dilation which aids the filtration function of the kidney; 
due to the expression of both COX-1 and -2 and phos-
pholipase  A2 in endothelial and mesangial cells [83, 84].

Normally, Ang II causes vasoconstriction of the effer-
ent renal artery to promote the filtration function, but 
upon its overproduction, intraglomerular pressure rises 
and the GFR elevates followed by dysfunction of glo-
merular barrier allowing Na and water retention and glu-
cose reabsorption, this can be observed in type 2 diabetes 
mellitus [85].

This explains an important drug interaction between 
afferent arteriolar vasoconstrictors (i.e., NSAIDs, COX-2 
inhibitors, and cyclosporine) and efferent vasodilators 
(i.e., ACEIs and ARBs) that can cause a significant decline 
in renal function [86] as Fig. 3 shows.

Ang II was found to cause direct apoptosis to the podo-
cytes, the third layer forming cells of the glomerular fil-
tration barrier, by upregulation of  Na+ /H+ exchanger 
type 1 (NHE-1) protein, an intracellular pH regulator 
which is correlated with reactive oxygen species (ROS) 
production, which was prevented by administration of 
olmesartan and amiloride, potassium-sparing diuretic 
and NHE-1 inhibitor [88]. The same pathogenic path-
way of Ang II occurs in proximal tubules as the peptide 
activates NHE-3 through the same complicated signaling 
pathway which includes protein kinase C. The inhibition 
of NHE-3 could be a new antihypertensive approach [89]. 
After its induction by Ang II, aldosterone advances podo-
cyte injury by mitochondrial damage by enhancement 
of ROS signaling which is demonstrated as the elevation 
of ROS biomarkers in in  vivo and in  vitro studies [90]. 
Abnormal glomerular disorders and decreased GFR may 
cause CKD, the end-stage renal disease, which is one of 
the complications of diabetes mellitus.

Another pathogenic factor of CKD is reduced NO 
production following eNOS inhibition by ADMA [91]. 
Inhaled NO was proved effective in the prevention of 
AKI risk during cardiopulmonary bypass surgery besides 
enhanced pulmonary perfusion and general anti-inflam-
matory properties that led to a better response, particu-
larly for those with PAH [92]. The same positive results 
with nitroglycerin in cardiopulmonary bypass surgery 
due to maintenance of renal and cerebral perfusion [93].

Since ETB is underregulated and considering its 
aspects, ETA selective antagonism should theoretically 
provide more beneficiaries than the non-selective ones 
to support NO generation; however, multiple clinical tri-
als were developed to assess the role of ET antagonists 
including the ASCEND trial of avosentan, and it was 
concluded that despite the improved albuminuria, other 
adverse events such as heart failure and fluid retention 
have restricted the use of such drugs except for consider-
ing risk–benefit ratio [94].

Due to their proven beneficial effects, ACEIs and ARBs 
are included in the first lines for diabetic nephropa-
thy and CKD according to the latest guidelines [95]. 
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Aliskiren, a renin inhibitor drug, hinders the expression 
of angiotensin II receptor type 2 and ACE-2 enzyme [96]; 
thus, aliskiren is restricted to cases characterized by over-
active RAAS system such as hypertension and not used 
in renal failure due to its overall detrimental implications 
[97]. Therefore, combination therapy of ACEIs or ARBs 
with ET antagonists can be beneficial at low doses [98].

Because there is a strong link between renal and car-
diovascular pathology, in a follow-up study of 239 CKD 
patients stage 4–5, a directly proportional relationship 
between NT-proBNP and edema was detected. Further-
more, 48 participants had cardiovascular adverse events 
and 23 of them died; confirming the effectiveness of the 
peptide as an active diagnostic marker of HF and CKD 
[99]. Owing to the satisfactory impacts of NPs such as 
improved GFR and lowering renal BP, ARNI was studied 
in cardiorenal syndrome (CRS)-induced Sprague–Daw-
ley rats which proposed promising results in cardiorenal 
preservation by maintaining left ventricular ejection frac-
tion and kidney functions saving the animal life using a 
high dose (100 mg/kg/day) which promotes its indication 
in HF associated with CKD [100].

B2 receptor of bradykinin was found in mesangial 
cells of rats contributing to their contractile function 
as binding to B2 receptor, specifically, stimulates inosi-
tol trisphosphate and  Ca2+ to release  PGE2, serving its 

physiologic role [101]. More recently, it was found that 
BK has also a proliferative function by inhibiting trans-
forming growth factor-β1 (TGF-β1) inflammatory signal-
ing inducing apoptosis to slow renal fibrosis [102].

Pulmonary arterial hypertension (PAH)
PAH is a rare but life-threatening condition character-
ized by increased pulmonary vascular resistance (PVR) 
and blood pressure (≥ 25Hgmm). It is the first group of 
the five categories of pulmonary hypertension (PH) as 
classified by the World Health Organization, which can 
be associated with hypertension, heart failure, and fre-
quently a bad prognosis [103]. PAH could be either due 
to an abnormal genetic or an idiopathic factor. PH can 
be associated with right-sided HF, a rare case but fre-
quent only as a consequence of left-side HF (group 2 
PH). PAH may manifest in association with pulmonary 
vascular damage (sclerosis) and chronic inflammatory 
lung diseases [104]. Principally, the pathogenesis includes 
atypical vasoconstriction and exaggerated inflammatory 
response.

Upon initiation of proinflammatory mediators, 
hypoxia, and deterioration of the vascular function of 
cardiopulmonary vasculature, NT-proBNP is released 
as a biomarker for the failure of the right [103]. Based on 
that and due to the intervention of the RAAS system in 

Fig. 3 How drugs alter renal perfusion, especially if co-administrated. Prostaglandins (PGs) cover the endothelium of afferent arteriole causing its 
vasodilation, while angiotensin-2 (Ang II) binds to angiotensin II receptor type 1 (AT1R) located in the efferent arteriole resulting in vasoconstriction. 
Non-steroidal anti-inflammatory drugs (NSAIDs), cyclooxygenase-2 (COX-2) angiotensin-converting enzyme inhibitors (ACEIs), angiotensin receptor 
blockers (ARBs), Calcium channel blockers (CCBs) [86, 87]. Figure created with biorender.com
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the pathogenesis of HFrEF, ACEIs and ARBs proved to 
lower mortality rates in pre- (pulmonary vascular dys-
function) and post-capillary PH (left-sided HF) [105] 
besides normalizing filling pressure followed by relaxing 
the pulmonary artery [106]. Indeed, the same goes for 
ARNI considering the additional advantage of ANP and 
BNP preservation which helps to lower pulmonary pres-
sure in patients with HF including blacks [107].

As ET-1 induces  Ca2+ pulmonary contraction, Ca 
channel blockers were used in the early management of 
the disease along with anticoagulants for HF associated 
with PAH. Newer agents were approved to treat PAH 
itself rather than HF such as NO derivatives and PGs 
analogs which are two of the principal treatment options 
for PAH.

Recombinant human ACE-2, GSK2586881, is also a 
novel agent which showed significant improvements in 
inflammatory biomarkers of PAH and limiting oxidative 
stress with no concerning safety precautions in a clinical 
trial [108]. In another small trial, it was proved to be safe 
upon intravenous administration by healthy subjects; yet, 
no improvements in the hypoxic state after the exercise 
test [109].

From investigations of PAH in newborns, persistent 
pulmonary hypertension of the newborn, endothelial 
cells were able to generate NO endogenously during 
gestation and had high tolerability to exogenous NO 
donor, for example, Na nitroprusside and inhaled NO 
in animals, and later, when it was combined with oxy-
genation, neonates had notable improvements; mainly 
because inhaled NO and prostacyclin have a local pul-
monary effect rather than vascular systemic effect [110, 
111]. Nonetheless, restricted doses are still required to 
avoid the risks, particularly NO as it can be metabolized 
to nitrogen dioxide which causes lung damage in a such 
susceptible population [111]. Since the pathogenesis of 
PAH includes impairment of the NO-sGC-cGMP path-
way, a new oral drug, riociguat, was approved to target 
that approach by maintaining the sensitization of sGC 
for the NO to bind to its receptor. It showed the poten-
tial to reduce vascular resistance and NT-proBNP levels 
[112] with no serious adverse drug events compared to 
the control group [113].

PGs play a crucial role in the respiration process, as 
 PGI2 is produced after fetus delivery to aid airway vaso-
dilation and pass oxygenated blood to other organs [111]. 
Therefore, it is not surprising that Velvis et  al. assumed 
that COX inhibition suppressed the reduction in PVR 
along with the aforementioned balance between  PGI2 
and  TXA2 [114] which should, also, be considered to pre-
vent thrombotic pulmonary hypertension.

Epoprostenol, the first powerful prostacyclin analog, 
was approved for PAH with multiple benefits including 

vasodilatory effects and inhibition of platelet aggregation 
[115]. Newer analogs were approved for PAH, iloprost 
and treprostinil.

Iloprost normalized ejection fraction and right ventric-
ular function in chronic PAH rat model similar to clinical 
cases which used a dose-dependent aspect [116].

Treprostinil had similar efficacy with improvements 
in cardiopulmonary signs and symptoms of PAH [117] 
along with a decreased risk of sepsis which resulted in 
remarkable cost-effective treatment when it was tested 
against epoprostenol [118]. Additionally, inhaled therapy 
of treprostinil showed a 15% reduction in NT-proBNP 
against a 46% increase in the placebo group upon its test-
ing in a randomized trial of efficacy in PH in association 
with interstitial lung disease besides less worsening of the 
case against the placebo group of patients [119].

A small cohort study concluded that initiating selex-
ipag, a new oral  PGI2 agonist, is more efficient than 
beraprost sodium, the first oral prostacyclin analog, and 
epoprostenol for children with PAH [120] due to chemi-
cal stability, longer half-life, and its conversion into an 
active metabolite upon its degradation.

Tadalafil showed better oxygen saturation than silde-
nafil upon drug transition in children and young adults 
[121]; not to mention the one-time daily dose. A small 
study of older adult patients showed that due to adverse 
effects that patients on sildenafil experienced, the tran-
sition to tadalafil was successful, despite considerable 
intolerability to the transition and switching back to 
sildenafil [122].

Vascular injury of PAH results from autoimmune scle-
rosis and is characterized by the initiation of proinflam-
matory cytokines including TGF-β1 and tumor necrosis 
factor α (TNF- α); while macrophages initiate fibrosis 
[123]. Again, endothelin overexpression following low 
production of NO and PGs composes a critical marker 
of the disease [124]. ET-1 was found to be in increased 
amounts in PH cases, specifically groups 1 and 3, com-
pared to normal lungs [125] increasing capillary per-
meability and vascular pressure which may lead to fluid 
retention causing edema. Nonetheless, ET-1 was antici-
pated to be an anti-apoptotic agent, normally, by bind-
ing to ETA receptors in vivo and in vitro, which supports 
the functionality of non-selective ET-1 antagonists more 
than the selective ones in PAH [126].

Considering endothelin receptor blockers, Zhao Q. 
et  al. concluded in a meta-analysis that both ambrisen-
tan and bosentan showed similar therapeutic results 
[127]. Ambrisentan also showed higher potential when 
combined with tadalafil against monotherapy of each 
drug on its own [128]; nevertheless, its combination with 
riociguat showed no promising outcomes in an open-
label study [129]. Indeed, other factors such as the long 



Page 10 of 18Mansour  Future Journal of Pharmaceutical Sciences            (2023) 9:30 

duration of action and having an active metabolite, as 
with macitentan, increase the efficacy against ambrisen-
tan [130].

B9972, a bradykinin analog and a B2 agonist, showed 
apoptotic activity to the hyperproliferative cells in HF-
associated PH which is followed by reduction in pulmo-
nary pressure and right heart hypertrophy [131]; while 
nearly the same opposite results occurred on investi-
gating bradykinin antagonist, B9430 [132], due to the 
bradykinin-activated eNOS pathway which induces  PGI2 
synthesis that enhances vasorelaxation effects.

Portal hypertension (PHT)
PHT is a syndrome resulting from a constant abnormal 
increase in BP within the portal system mostly by cir-
rhosis, the end stage of fibrosis, with predisposing factors 
such as ascites and variceal bleeding. High-output heart 
failure, a sporadic type of HF characterized by a high 
mortality rate, is mostly associated with cirrhosis due to 
decreased peripheral resistance and increased cardiac 
output [133]. While intrahepatic circulation is impacted 
by high plasma levels of vasoconstrictors and low vasodi-
lators, splanchnic circulation is the opposite, and revers-
ing the hemodynamics defines the therapeutic approach. 
PHT involves norepinephrine, Ang II as vasoconstrictors; 
and BK and PGs as vasodilators; but ET-1 and NO com-
pose the most prominent vasoactive substances.

Liver sinusoidal endothelial cells (LSECs) and hepatic 
stellate cells (HSCs) are two major types of cells that play 
a vital role in homeostasis and vasoregulation. HSCs 
are fibrosis-forming cells present in between LSECs and 
hepatocytes. Their contractile state is regulated by Et-1 
which is produced, normally, in lower amounts by LSECs 
[134].

HSCs exaggerate the secretion of ET-1 [134], which is, 
also, regulated by proinflammatory mediators including 
TGF-β1 [135] and TNF-α [136] as well as platelet-derived 
growth factor and Ang II [135]. Spleen is also a primary 
site of ET-1 production in cirrhotic patients [137]. iNOS 
is more abundant than eNOS in the hepatic Kupffer 
cells, macrophage-like cells, and modulated by nuclear 
factor-κB (NF-κB) which also stimulates TGF-β1 and 
TNF-α.

The disproportionate relationship between ADMA and 
eNOS provokes reactive nitrogen species (RNS) [138].

LSECs are characterized by a distinctive permeabil-
ity barrier that aids in fenestration which is regulated by 
Vascular endothelial growth factor (VEGF). Its down-
regulation results in activation of HSCs to form fibrous 
tissues [139]. The activity of VEGF is mediated by NO 
which also regulates the HSCs cycle, as it induces its 
apoptosis via oxidative stress, meaning it is a crosstalk 
between both types of cells [139]. The production of 

VEGF which is associated with the release of iNOS and 
the predominance of ET-A receptors, located on HSCs, 
over ET-B, present on LSECs surface, are two factors that 
contribute to the angiogenesis and metastasis in the liver 
[140]. It was found that chronic non-selective antagonism 
of ET-1 has potential anti-cirrhotic results and is even 
more feasible to reach the desired portal pressure goals 
(< 10 mmHg) than ambrisentan by lowering intrahepatic 
vascular resistance; although, both drugs ameliorated 
the angiogenesis of portosystemic shunt and mesentery 
[141]. Ambrisentan is less hepatotoxic than bosentan; 
thus, safer in advanced liver cirrhosis; therefore, the ben-
efit/ risk ratio should be evaluated [141].

As Ang II is released in liver injury following the stimu-
lation of the RAS system, Ang (1–7) generates NO upon 
binding to MrgD through the protein kinase B (Akt) 
pathway [142]; while MrgD receptor agonism contributes 
negatively to splanchnic hemodynamics in PHT; hence, 
its blockade composes a new therapeutic option [142]. 
Meanwhile, NO is released as a response to intrahepatic 
vasoconstriction exaggerating portal-splanchnic circula-
tion dynamics by vasodilation by a phenomenon called 
“NO paradox,” along with other vasodilators including 
 PGE2 and  PGI2 [143]. Riociguat was tested in cirrhotic 
rats at early and advanced stages, and the PHT was 
reduced by (24%) to elevate NO levels intrahepatically 
by the NO-sGC-cGMP pathway. Notably, this pathway 
is restricted to damaged hepatic sinusoids not affecting 
splanchnic circulation, unlike NO donors which have 
systemic effects [144]. For example, vasopressin and 
nitroglycerin combination demonstrated systemic vaso-
constriction and diminished cardiac output followed by 
a remarkable decrease in hepatosplanchnic perfusion 
in normal persons, regardless of other side effects that 
may manifest in the long-term which were not included 
in this study [145]. Moreover, riociguat was effective in 
reducing vascular resistance and PHT in biliary cirrhotic 
animals when combined with tadalafil [146].

A meta-analysis of seven studies that included 1066 
patients with liver cirrhosis demonstrated that ACEIs, 
including captopril, lisinopril, and enalapril, are potent 
antifibrotic agents since they decreased pathogenic 
markers of hepatic cirrhosis [147]. Moreover, a large 
retrospective cohort study of 12,327 non-alcoholic fatty 
liver disease patients concluded that ACEIs were more 
hepatoprotective than ARBs against cirrhosis complica-
tions and cancer [148].

On the other hand, studies on the overall effectiveness 
of ARBs were controversial because, for instance, unlike 
propranolol, losartan did not reduce hepatic venous pres-
sure gradient in patients who had an episode of variceal 
bleeding besides arterial hypotension and altered GFR 
[149]. However, losartan was as effective as propranolol 



Page 11 of 18Mansour  Future Journal of Pharmaceutical Sciences            (2023) 9:30  

in lowering hepatic pressure in moderate liver disease 
with successful management of variceal bleeding [150]. 
Even upon its addition to propranolol, candesartan did 
not show better therapeutic outcomes than the non-
selective beta-blocker monotherapy [151]; however, due 
to their antifibrotic effects, ARBs could be added to treat 
scarring tissues in advanced liver disease [152].

Entresto reduced arterial pressure and the intervention 
of macrophages in a PHT animal model; yet, not NF-κB 
and iNOS, but only sacubitril not valsartan diminished 
PHT [153]. The effects of ARNI on NO and ET-1 are 
complicated and require further clarification.

Regardless of the reduction in cardiac output and 
heart rate in PHT, a new study confirmed that the use of 
non-selective beta-blocker in cirrhotic patients includ-
ing those who had surgery of trans-jugular intrahepatic 
portosystemic shunt had an additional advantage of a 
dramatically decreased magnitude of Ang II [154], which 
favors Ang (1–7) thus normalizing the porto-mesenteric 
circulation. This gives another reason to use ACEIs and 
ARBs since both peptides are upregulated in liver cirrho-
sis as an add-on [155].

AVE0991 was found to decrease PHT in rat models but 
not arterial pressure without affecting systemic vasodila-
tion, either by NO-mediated MasR binding or interfer-
ence with AT1R signaling [156]. It is not confirmed if it 
has anti-cirrhotic impacts in the long-term use.

Due to the proven positive effects of ameliorating PAH, 
tadalafil, macitentan, and selexipag were used as a triple 
combination therapy to improve the stress test of a pro-
gressive portopulmonary hypertension, PAH in associa-
tion with PHT, in a very recent and infrequent case [157]. 
Selexipag improved the escalated dyspnea status from 
WHO functional class III to class I.

Gao JH et  al. tested the role of a combination of 
celecoxib and octreotide, a somatostatin analog used in 
the management of variceal bleeding, in PHT-induced 
rats by thioacetamide, since the combination demon-
strated an anti-angiogenic effect in the case of hepato-
cellular induced carcinoma in an animal model, owing 
to the presence of intra- and extra-hepatic angiogenesis 
by in  vivo suppression of COX-2/  PGE2/EP-2/somato-
statin receptor-2 signaling paradigm [158]. Later, they 
proposed that the same combination may be used as 
a prophylaxis for PHT due to the restriction of hepato-
cyte apoptosis which would ameliorate the disease [159]. 
More investigations regarding the combination need 
to be made considering cardiac and renal side events of 
COX-2 inhibitors.

Alzheimer’s disease (AD)
As the most common cause of dementia, AD is an 
umbrella term that covers memory loss and cognitive 
impairment that interfere with the patient’s daily life. 
Amyloid β (Aβ) protein and tau are the two principal 
proteins of the pathogenesis of AD that form 10–15 years 
in advance before the diagnosis which makes it a slowly 
progressive disease [160]. Normally, tau proteins stabilize 
the microtubules, giving cerebral neurons internal sup-
port; meanwhile, in AD, tau proteins lose such ability and 
form neurofibrillary tangles upon aggregation that may 
induce stress response [161].

Amyloid precursor protein (APP) is cut into fragments 
of Aβ upon its adherence to the neuronal membrane of 
the cerebral cortex by β-amyloid–converting enzymes, 
α- and γ-secretases. These fragments form clusters of 
plaques surrounded by astrocytes, star-shaped cells that 
regulate neuronal cells, and microglia which activate 
iNOS [162]. The genetic mutations besides apolipopro-
tein E alleles will not be discussed here. iNOS was iden-
tified in such areas in the pathogenesis of AD and other 
neurodegenerative diseases such as Parkinson’s disease 
and stroke, stimulating RNS; hence, it was found that 
iNOS-deficient mice were protected from AD by prohib-
iting Aβ accumulation and tau deactivation [163].

The three types of NOS are present in the brain. There 
is a proportional relationship between the provocation 
of NO by nNOS, present in the cortex of the hippocam-
pus which maintains memory, and the binding of gluta-
mate to n-methyl-D-aspartate (NMDA). This is clear in 
ischemic states as upregulated NMDA abnormally ele-
vates NO concentrations that bind to superoxide anion 
forming RNS intermediate, peroxynitrite, which is distin-
guished by cytotoxicity [162]. Therefore, NMDA block-
ade by memantine is a treatment step that slows down 
AD progression. According to the cholinergic hypothesis, 
acetylcholine is an important factor for memory pres-
ervation due to its proportional relationship with NO-
cGMP signaling, thus inhibiting its degrading enzyme, 
esterase, is considered another important approach 
[164]. In this manner, sildenafil was effective in memory 
restoration in preclinical studies [164]. Jiansong Fang 
et  al. developed a computational study on AD patients 
and concluded that sildenafil is neuroprotective against 
neuronal tau formation [165]. Tadalafil also exhibited 
neuroprotection against oxidative proteins [166].

ETA receptors are located in pericytes, present in brain 
capillaries to support its blood barrier; while ETB recep-
tors are widely expressed in astrocytes upon which acti-
vation by ET-1 binding [167, 168]. This attributes to the 
disease immensely by vasoconstriction and stimulation 
of proinflammatory response. Therefore, both receptors 
antagonism proved to reduce APPs in a murine model by 
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improving the disruption of cerebral edema during trau-
matic brain injury in animal models [169].

ECE-1 was among the suggested enzymes that cleave 
Aβ, as upon its inhibition by phosphoramidon in ham-
sters, accumulations of the plaques were noticed sug-
gesting its beneficial role [170]; thus, its genetic mutation 
increases Aβ plaques [168]. Although other studies 
propose as it generates ET-1 [171] and corresponds 
to Aβ protein, ECE-1 is a double-edged element in AD 
pathophysiology.

It is noteworthy that all the components of the RAS 
system are expressed in the brain, but at different 
degrees, for instance, renin and angiotensinogen are 
present in inferior amounts, unlike ACE, which is also 
another strongly proposed degrading enzyme of Aβ 
[172]; thus, its inhibition by ACEIs causes excessive amy-
loidosis. Nonetheless, angiotensin-blocking agents could 
be beneficial, especially ARBs, since ACEIs prevent Ang 
(1–7) and Ang (1–9) formation and such peptides bind 
to AT4 receptor which is known for facilitating memory 
and learning promotion. Like ACE, Nep also degrades Aβ 
in the cerebral cortex to an even higher extent than other 
enzymes, ECEs and IDE, since it is almost non-selectively 
depose oligomeric and monomeric forms of Aβ [173] and 
both Aβ1–40 and Aβ1–42 isoforms, which correlate with 
the neurodegenerative impacts of ET-1 if produced in 
higher concentrations making Nep preservation a poten-
tial AD target.

To determine the comparative effects of ACEIs and 
ARBs on AD patients with mild cognitive impairment, 
a retrospective control study showed that ARBs were 
associated with a lower risk of AD than ACEIs [174] and 
remarkable improvement of AD patients with physical 
disability than ACEIs [175]. This could also be explained 
by the fact that Ang III induces Mitogen-activated pro-
tein kinase (MAPK) enzyme [176], activating abnormal 
astrocyte growth through binding to AT1R which is 
blocked by those medications. In addition to the con-
cept of the negative influence of ACEIs in AD. Moreover, 
AVE0991 reversed neuroinflammation and maintained 
the blood–brain barrier (BBB) in the Sprague–Dawley 
rats model by targeting Ang (1–7)/ Mas mechanism, 
which can be an advantageous add-on post-surgery drug 
for clinically susceptible patients [177].

Taken together, this is perhaps why valsartan/ sacubitril 
caused no effect on cognition when it was compared to 
valsartan monotherapy in the PERSPECTIVE study [178] 
and the same results against enalapril in PARADIGM-
HF trial among patients with HF [179]; however, in a 
very recent large cohort study, there was a smaller mor-
tality incidence, and neurocognitive diagnosis, among 
those who administered Entresto than those who took 
ACEIs/ ARBs, 25.8% vs. 31.2%, respectively [180]. Before 

initiation of valsartan/ sacubitril in case of cognitive 
impairment in future clinical trials, it should be noted 
that NPs such as BNP [181] and NT-proBNP [182] are 
robustly elevated in deteriorated cognitive examinations.

Since both COX-1 and -2 isoforms are expressed in 
microglia during the progression of AD [183] and consid-
ering the correlation between phospholipase  A2 and Aβ 
formation besides arachidonic acid-derived MAPK rela-
tionship with phosphorylation of tau; in addition to the 
upregulation of  PGE2,  PGD2, and  TXA2 in AD, the inhibi-
tory effect of NSAIDs on inflammatory mediators such as 
interleukins, cytokines, and PGs was considered as a clin-
ical option as a conventional therapy during AD [184]; 
but because most PGs play constitutive roles, the overall 
influence of NSAIDs was negligible in ADAPT trial of 
naproxen and celecoxib [185]. However, after considering 
the BBB permeability of naproxen, it was studied compu-
tationally, suggesting that it may have an anti-aggregation 
effect against Aβ [186]; and again in-vivo animal study 
in combination with rivastigmine, acetylcholine esterase 
inhibitor, but the positive synergistic effect was limited to 
neurogenesis and neuronal preservation with no cogni-
tive ability enhancement [187].

Upon examining BK receptors, loss of occludin (zonula 
occludens), which contributes to the structural integrity 
of the BBB, was observed which facilitated more perme-
ability for cytokine release and leukocyte adhering sub-
stances upon activation of B1 receptor by Des‐Arg9‐BK 
[188]. Notably, the same effect was noted upon injection 
of a high dose of kallikrein, but with mRNA of B2 recep-
tor stimulation and eNOS; while in lower dose elevated 
iNOS and B1 expression as well as BBB hyperperme-
ability with downregulation of zonula occludens in both 
cases [189]. Nevertheless, a study of the correspond-
ing relationship between B2 receptor and nerve growth 
factor (NGF), a neuroprotective peptide, showed that 
in neurodegenerative disease, B2 receptor is underex-
pressed in favor of BK and B1 receptor which diminishes 
the effect of NGF, confirmed by B2 selective antagonism, 
by icatibant, that reversed the rescue effect of NGF [190]. 
Furthermore, an in vivo mouse study concluded that ele-
vated BK levels may worsen AD, in addition to the pos-
sibility of contribution of the peripheral BK to the disease 
due to delocalization of Aβ [191].

Conclusion
The human body compensates for the needs of each 
organ by stimulating vasoactive substances which play 
a crucial role in organ functionality. The imbalance 
between those mentioned mediators can deteriorate 
already critical statuses as seen in the CRS and portopul-
monary hypertension which requires rapid interven-
tion of combination therapies of mediator-based drugs 
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besides the indicated one as those defects are multifac-
torial. KKS and the alternative pathway of the RAS are 
promising targets since they intervene in several disor-
ders. Despite the possibility of an indirect relationship 
with certain pathogeneses, they can pave new paths for 
more effective therapeutics than conventional treatments 
to achieve better therapeutic goals.

Accordingly, and considering what this article dis-
cussed, future clinical trials should, mainly, focus on 
three aspects. First, the potential candidates such as 
AVE0991, since it demonstrated competence in restoring 
the normal state in several diseases of animal models, but 
its efficacy and safety profiles need to be determined in 
human trials; also, the long-term use of the ARNI drug 
in chronic diseases. Second, the NO-sGC-cGMP signal-
ing pathway should be reviewed as it requires more drug 
candidates to be tested. Finally, the theoretical hypoth-
eses of utilizing NSAIDs, including COX-2 inhibitors, in 
such pathologies, take into account their detrimental side 
effects.
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NHE  Na+ /H+ exchanger
NMDA  N-methyl-D-aspartate
NPs  Natriuretic peptides
NSAIDs  Non-steroidal anti-inflammatory drugs
NT-proBNP  N-terminal prohormone of brain natriuretic peptide
PAH  Pulmonary arterial hypertension
PDE-5  Phosphodiesterase-5
PGs  Prostaglandins
PH  Pulmonary hypertension
PHT  Portal hypertension
PPARγ  Peroxisome proliferator-activated receptor γ
PVR  Pulmonary vascular resistance
RAAS  Renin–angiotensin–aldosterone system
RAS  Renin–angiotensin system
RNS  Reactive nitrogen species
ROS  Reactive oxygen species
sGC  Soluble type of guanylyl cyclase
TGF-β1  Transforming growth factor-β1
TNF-α  Tumor necrosis factor α
TXA2  Thromboxane  A2
VEGF  Vascular endothelial growth factor
VSM  Vascular smooth muscle
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